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ABSTRACT 
Objective: to evaluate the resistance and pressure of the lips in Class I, II and III Angle’s 
malocclusion subjects, in comparisonto reference values and relate them with gender 
and age. 
Methods: a quantitative, descriptive and cross-sectional study. Participants included 
40 subjects, 20 women and 20 men, average age 26.3 years, separated by occlusal 
classification. The volunteers answered on the self-reported performance of the sto-
matognathic functions and were submitted to the evaluation of the mobility and posture 
of the lips. Pressure and resistance were measured with the Iowa Oral Performance 
Instrument (IOPI) and the results compared to the reference values described in the 
instrument´s manual. The data were analyzed descriptively and, for inferential analy-
sis, Pearson’s Chi-Square test was used. The significance level was considered 5%. 
Results: a decrease in pressure and resistance values wasobserved in all patients, 
including Angle’s class I group. There was an inverse relationship between the age of 
the subjects and the values of pressure of lips with statistical significance (p = 0.02). 
In general, women had lower pressure values than men. 
Conclusion: all study subjects had lower pressure of the lips than the reference values 
described in the literature.
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INTRODUCTION

The lips are important anatomical units for harmony 
and facial aesthetics. They are dentistry and speech 
pathology targets of interest mainly from the functional 
point of view. This is a structure that can be clinically 
evaluated by observation and palpation when one aims 
to identify its usual position 1-3.

Perioral muscles and positioning of the lips, 
especially the activity of the orbicularis oculi muscle of 
the mouth constitute factors determining the characte-
ristics of the teeth and tooth position. The usual sealing 
and resting of the lips help in defining and maintaining 
occlusion4.

People with incompetent lips cannot seal lips 
effortlessly in the usual position. Thus, it becomes 
a condition that can promote dental imbalance by 
reducing the pressure of the lips acting on them, 
generating changes that can affect various functions 
such as breathing, growth and harmonious develo-
pment of face5.

Subjects with maxillomandibular disproportions 
have myofunctional and facial profile characteristics 
according to the type of disproportion of that feature. 
Muscle adaptations that occur in various types of dento-
facial deformities (DFD) enable the realization of stoma-
tognathic functions that are performed according to the 
pattern of the maxillofacial skeleton bone structure 6.

Disharmonies of the craniofacial complex result 
in pathophysiological adjustments to task implemen-
tation. The intimate relationship between the hard 
and soft tissues as well as the need to perform the 
stomatognathic functions for survival, leading to the 
occurrence of functional adaptations in order to allow 
the execution of these, independently of existing altera-
tions. In this process, the function and morphology are 
closely linked, as the harmonic structure’s condition 
directly affects the muscular behavior balance7,8.

When there is an adequate morphological pattern, 
lips make up one of the structures that act as the local 
homeostasis maintainers. In this sense, the shape and 
integrity of the dental arches are dependent on factors 
such as the contact relationship between adjacent teeth 
and muscular activity9.

Changes in posture, especially of the lips, tongue, 
and cheeks entail a loss in the antagonistic mechanism 
of orofacial muscles. This fact causes the teeth to 
seek other positions of equilibrium, generating cranio-
facial changes10. Alterationoccurring in soft tissues 
is bone-related characteristics of the individual and 

speech-language, the authors suggest that may be an 
ally in the identification of these specificities11.

Although there is a method that is considered the 
gold standard for objective measurement of the lips, 
the study of muscular behavior is necessary, since 
it can help in understanding the force exerted by the 
perioral muscles on dentition, besides serving as a 
parameter in the evaluation of speech saliva of control, 
facial expression, feeding and labial sealing 12,13.

There are studies that relate the pressure of the lips 
and tongue on the type of malocclusion. However, the 
literature lacks studies to evaluate the resistance of 
these changes related to dental bone structures14,15.

In this investigation, it was decided to use the Iowa 
Oral Performance Instrument (IOPI), characterized 
by an air pressure device that uses a plastic bulb to 
measure the pressure, so that the bulb is positioned 
in the structure being evaluated, avoiding the tooth 
contact. In addition, the IOPI is a portable instrument, 
easy to handle, use and hygiene, developed with the 
purpose of measuring pressure and resistance of 
tongue, lips, and cheeks16. It is an equipment that also 
presents normality standard values, tested in patients 
without changes, which served as a parameter for 
making comparisons with the study population.

Given the importance of the occlusion of the lips for 
holding the stomatognathic system, it is understood 
that the knowledge of the behavior of pressure measu-
rement and resistance lips proposed in this study 
allows to identify the specificity of the difficulty of people 
with malocclusion and collaborates with therapeutic 
approaches propositions.

Therefore, this study aimed to evaluate the pressure 
and resistance of the lips in subjects with Angle’s Class 
I, II and III malocclusion, compared to reference values 
and relate them with sex and age. The research was 
based on the assumption that people with maloc-
clusion present lower values of pressure and resistance 
of the lipsas compared to those without malocclusion, 
according to the reference values proposed by the 
manufacturer of the instrument used.

METHODS
This was a quantitative, descriptive and cross-sec-

tional study, approved by the Ethics Committee on 
Human Research of the University of Pernambuco 
under number 1780737 held in a university hospital 
with candidates for orthognathic surgery, attendant to 
a referral service in Oral and Maxillofacial Surgery, and 
students without malocclusion (Class I). Participants 
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were separated based on the occlusal relationship 
between the dental arches by the dentistry team. The 
ratio was found according to the Angle`s classification 
in Class I, II and III of the first molars and canines.

The sample comprised of 40 volunteers who had 
the presence of all permanent teeth except for the 
third molars, including 20 women and 20 men, aged 
between 17-41 years, average age of 26.3 years, who 
were divided, according to Angle’s classification, 
namely: Class I, containing ten subjects; Class II, five 
subjects and Class III, twenty-five subjects.

The study included people who did not present 
change on the mobility of thelips and/or posture that 
prevented holding the instrument bulb. As exclusion 
criteria: neurological disorders, cognitive disorders, 
syndromes, facial trauma history or head and neck 
cancer, have been subjected to orthognathic surgery or 
speech therapy prior to evaluation was used.

Initially, the volunteers responded to questions 
related to personal identification, record the presence 
or absence of a complaint on chewing, swallowing 
and speaking. Further, they underwent myofunctional 
assessment, focusing on the position and mobility 
of the lips, following the methodological approach 
of another study17, which used the same device for 
tongue pressure measurement. To evaluate the lips of 
mobility tests, it was asked the participant to perform 
the following movements: bulging, retract and lateralize 
lips to the right and left. The posture was scored as a 
normal position of the lips, closed, closed with tension, 
parted, closed in dental contact and open.

The movements were observed simultaneously by 
two evaluators and the result was only filled on the 
collection form after agreement between them. When 
in doubt, participants were asked to repeat the above 
movement. For this evaluation, the participant was 
sitting with his head in normal position. When there was 
a doubt as to the realization of some command, one of 
the researchers showed the model.

Each item from the lips of mobility assessment 
received a score that could range from zero to three, 

where zero is the “normal” movement, one “appro-
ximate”, two refers to “attempts to perform” three to 
“did not perform”. For evaluation of this performance, 
an adaptation of the item of the mobility of the lips of 
the Myofunctional Orofacial Examination- MBGR18 

protocol was used.
Participants who scored higher than or equal to 

five in the sum of the movements, i.e., not performed 
any of the movements and tried to do another, or tried 
to perform three of them, or presented lips posture 
unfeasible on holding the bulb, were considered with 
significant changes, and therefore were not part of 
the research. That cut point was considered, because 
the non-operation of more than one motion, the sum 
of “did not perform” plus “attempts to perform” or all 
“attempts to perform” would interfere in the results of 
measurement, bearing in mind that the assessment 
needed the relative contribution of occlusion of the lips. 
Three subjects were excluded due to a score greater 
than five.

Later, the volunteers were instructed on how the 
measurements of pressure and resistance of the lips 
would be held. In this second stage, to evaluate these 
parameters, the Oral Instrument Performance (IOPI), 
2.0 model was used.

IOPI is an apparatus that aims to demonstrate the 
pressure and resistance of lips through the numbers 
in the unit kiloPascal (kPa) .This instrument consists 
of a yield meter which allows the visualization of the 
force exerted on the air sensor, sensors (bulbs), the 
connection pipe connecting the sensor to the meter, 
and a syringe for a pressure check. It is noteworthy that, 
for this study, the device was calibrated as directed by 
manual19,20 every use in ten subjects.

To measure the pressure of the lips the evaluator 
disposed the bulb between two spatulas, positioning 
in the voluntary lips so that there was no involvement 
of the teeth during clenching. For this, the bulb was 
positioned in front of the incisors. Following were asked 
to volunteer to exert the maximum possible sealing for 
a period of two seconds.
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The IOPI manual has reference values only for 
the pressure lips. Measurements to the resistance 
in seconds (s) are not specified or described in the 
literature. Thus, the parameter was set to be the resis-
tance values corresponding to 50% of the pressure of 
the lips. For this calculation, we used the logic values 
of the tongue used for the resistance. Thus, it was 
considered appropriate values greater than or equal to 
15 seconds as it refers to half the average (31.5 kPa) 
of pressure reference values for the lips (28 kPa for 
women and 35 kPa for men).

The data were organized for the procedure of 
descriptive analysis, obtaining statistical measures: 
average, standard deviation (SD) and median. For 
inferential analysis of the variables, we used the non-pa-
rametric Chi-squared and Pearson Chi-square test. A 
5% significance level was adopted. The software used 
was the Statistical Package for Social Sciences (SPSS) 
version 22.0.

RESULTS

The participants were distributed following Angle’s 
classification: Class I (25%, n = 10), Class II (12.5%, n 
= 5) and Class III (62.5%, n = 25).

On the conformity of pressure and resistance of the 
lips in different occlusal ratings, when compared to the 
reference values set out in IOPI19 the manual is possible 
to observe a decrease in pressure and resistance in all 
subjects, including the group with normal occlusion 
since there was no difference for the statistical test. 
Pressure values in the Class III group showed statistical 
significance for both females and males (Table 1).

This measurement was performed three times with 
30-second intervals. It was considered the largest peak 
measured pressure value of the three results obtained 
according to the IOPI manual.

Finally, after five minutes of rest, for resistance 
measurement, the same subjects received the bulb 
placement orientations between the lips. However, for 
this measure, they should keep up the pressure for as 
long as they could. It used 50% of its maximum pressure 
and the participants could monitor their performance 
through IOPI light display. The time was recorded in a 
chronograph. The answers regarding the pressures and 
resistance were recorded in a specific form. If the parti-
cipant could not perform with the value of 50% of the 
highest measured pressure was subtracted gradually 
one kPa at a time, the amount corresponding to half the 
highest peak pressure, to establish a value for it to be 
possible to obtain the measurement in seconds.

Figure 1. Measurement of the pressure of the lips 
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with an average of 20.75 kPa and a median of 22.00 
kPa, with a minimum of 10 kPa, a maximum of 29 kPa 
and a standard deviation of 8.53 kPa.

In the Class II group there was no sample in men 
and women had an average and median of 16.80 kPa 
to 15.00 kPa of pressure ranging between 2 and 28 with 
SD = 10.28 KPa. In the Class III group, the mean values 
of the pressure of the lips also were lower in women 
(15.55 kPa) compared to men (16.29 kPa), but very 

The median values representing the pressure of 
the lips as the occlusion, it is possible to observe the 
subject in median values below malocclusion group 
values unchanged (Figure 2).

When subgroups described by considering the sex 
of subjects per study group, Class I subjects have the 
average pressure of 29.50 kPa men and median of 
30.00 kPa, and the minimum and maximum values of 
16 and 48 Kpa respectively, with a standard deviation 
of 11.79 kPa for men. The women showed lower values 

Table 1. Pressure and resistance of the lips, according to the occlusion

According to 
reference values N N p-value1

Pressure

Class I
Yes 3

10
No 7

Class I Females
Yes 1

4 0.31
No 3

Class I Males
Yes 2

6 0.41
No 4

Class II
Yes 1

5
No 4

Class II Females
Yes 1

5 0.18
No 4

Class II Males - - - -

Class III
Yes 3

25
No 22

Class III Females
Yes 2

11 0.03*
No 9

Class III Males
Yes 1

14 0.001*
No 13

Resistance

Class I
Yes 3

10
No 7

Class I Females
Yes 1

4 0.31
No 3

Class I Males
Yes 2 6

0.41
No 4

Class II
Yes 1

5
No 4

Class II Females
Yes 1 5

0.18
No 4

Class II Males - - - -

Class III
Yes 11

25
No 14

Class III Females
Yes 3

11 0.13
No 8

Class III Males
Yes 8

14 0.59
No 6

* Chi-square test – Significant * - p <0.05
Caption: N = Total number / n = number of subgroups
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close. The median was 13.00 and 15.50 Kpa respec-
tively in females and males.

Regarding the minimum and maximum pressure 
values women showed 4 and 36 kPa with a SD equal to 
9.21. The two men had a variation of 2 and 51 kPa SD 
of 11.58 kPa.

With regard to age, there is an inverse relationship 
between lips pressure values in studied subjects with 
statistical significance (p = 0.02) (Figure 3). 

Figure 2. Median values of the pressure of the lips, according to the occlusion

Considering the values of resistance of the lips by 
subgroup, Class I subjects had an average of 14.75 
seconds with a standard deviation of plus or minus 9.94 
seconds and a median of 12.00 seconds with 6 seconds 
as a minimum value and 29 seconds as a maximum, 
for females. Men had average values and SD of 16.17 
seconds and plus or minus 13.67 seconds respectively, 
a median of 12.50 seconds with a minimum value of 2 
seconds and a maximum equal to 41 seconds.

The Class II group had an average of 14.20 seconds 
SD of about 15.33 seconds, a median of 10.00 ranging 
from 2 seconds to 41 seconds. In the Class III group, 
females had an average of 14.82 seconds and the 
males were 41.57 seconds with SD of about 15.81 and 
64.32 seconds respectively. Women had a median of 
11.00 seconds, ranging from 2 to 57 seconds and the 
men had the measure equal to 23.50 seconds, with a 
minimum value of 1 and a maximum of 243 seconds. 
For the resistance of the lips, no group showed statis-
tical significance (Table 2).
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Figure 3. Relationship between the age and the pressure of the lips

Table 2. Resistance of the lips, according to the subgroup

Average ± SD (s) Median (s) Reference Value (s)

Resistance

Class I
Females

14.75
(±9.94)

12.00
(6-29)

15

Class I
Males

16.17
(±13.67)

12.50
(2-41)

15

Class II
Females

14.20
(±15.33)

10.00
(2-41)

15

Class II
Males

- - -

Class III
Females

14.82
(±15.81)

11.00
(2-57)

15

Class III
Males

41.57
(±64.32)

23.50
(1-243)

15

Descriptive Analysis 
Captions: kPa  = kilo pascal  -  s = seconds
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Given the average pressure per group, it realizes 
a decrease of values in groups with occlusal change 
compared to the group without change (Figure 4). 
Regarding sex, women had a lower average pressure 
than men (Figure 5). Since the resistance values, the 
Class III group had an average higher than the other 
(Figure 6). The differences identified were observed in 
the statistical test used.

In Figure 4, it is observed that the average pressure 
changes of the occlusal groups (Class II and III) are 
lower than the group without malocclusion. With regard 
to sex, women had an average pressure lower than 
men (Figure 5). Regarding the resistance values, the 
Class III group had a higher average than the other 
(Figure 6).

Figure 4. Relationship between the pressure and the occlusion of the lips
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Figure 5. Relationship between the pressure of the lips and the sex

Figure 6. Relationship between the resistance and the occlusion of the lips
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DISCUSSION
In general, the subjects of this study showed low 

values of pressure of the lips, corroborating with 
other studies that evaluated the said structure under 
other conditions21-25. Improper pressure peak of Class 
I subjects may be explained by the fact of not having 
been considered, differences in the facial profile of the 
subjects (dolichofacial, mesofacial and brachyfacial), 
whereas, in the vertical plane, literature also reports 
muscular pattern modification in structure function6. In 
addition, the population of subjects without change, 
studied for the reference values of IOPI, is of American 
nationality16 , which could have differed from subjects 
of this research due to ethnic differences. Some 
studies26,27 already noted the influence of ethnicity on 
the dimensions and proportions of teeth.

It is emphasized that despite the pressure values of 
Class I subjects also present inadequate, according to 
the reference values of the IOPI manual, it is observed 
even without a statistical difference, that the average 
pressure of the lips of the groups with abnormal 
occlusal are lower than the Class I group (Table 1). 
This justifies for patients with maxillomandibular dispro-
portions, for example in the case of individuals with 
maxillary protrusion, presents a change in pressure of 
the lips with less force in closing this structure13,28,29.

The absence of closure of the lips in Class II patients 
can provide greater involvement of the muscles of the 
lips and cheeks over the area of the maxillary dentition 
when compared to subjects with normal occlusion. 
This is due to compensations and adaptations where 
the orbicular muscle exerts force on the upper posterior 
teeth, which will cause retroinclination, besides the 
negative pressure within the oral cavity30. In relation to 
the Class III group, is also described in the literature 
decreased the lips closure pressure as compared to 
Class I individuals31.

The results of this study also show in a descriptive 
observation that women had lower peak pressure 
relative to men. The Class III group values are very 
close to an average pressure of 15.55 kPa in women 
and 16.29 kPa in men. The medians were 13.00 and 
15.50 kPa, respectively, in the females and males. 
Regarding the minimum and maximum values, women 
had values of 4 and 36 kPa, with SD equal 9.21 kPa. 
The men had a variation of 2 to 51 kPa and SD = 11.58.

A study13 with subjects without dentofacial changes 
also pointed out that males have pressure of the lips 
values similar to the females. However, when analyzing 
Class III subjects of this study, there was a greater 

pressure of the lips during the sealing in men than in 
women, with significant results, which are findings that 
corroborate with other studies31,32 that related to the 
pressure of the lips and sex in patients with dentofacial 
deformity.

Regarding the resistance patterns, it is observed 
that men, although not statistically significant, have the 
resistance of the lips values, greater than that of women. 
Both men of Class I and Class III group were within the 
normal range for this study. On the other hand, the 
women, although values were below the reference, 
presented very close values in all the groups. This can 
be justified by the fact that in order to measure the 
resistance, we used half the individual peak pressure, 
and sometimes adapting to the gradual reduction of 
the pressure value as described in the method, leading 
the individual to provide varying resistance as the 
pressure applied to be smaller or larger. Thus, it was 
not possible to establish the relationship between the 
resistance and other variables, since it depended on 
the result of pressure. This question is justified, also, 
the SD disparity in relation to the averages presented 
by subgroup (Table 2).

On the above question, the authors report that 
the maximum strength of a particular muscle is the 
ability of this muscle group create tension to a specific 
movement while the muscular strength depends on the 
training and quality of muscular contraction33.

With regard to age, the findings of this research 
showed lower pressure of the lips in older subjects. In 
the same vein, it was observed a decrease of pressure 
values with age in a study34 that evaluated the tongue 
pressure with IOPI in subjects with malocclusion. In 
contrast, a sample of children in Class II has used a 
nozzle connected to a dynamometer for assessing the 
resting lips and the function, it has been found that the 
performance of lips tended to increase with age35.

With aging, decreased muscle tissue and its 
function, and decreasing atrophy of muscle fibers 
and reducing the number of motor units as a result of 
sarcopenia can justify the anatomical and physiological 
changes36-38. In this sense, the natural consequences of 
biological aging, alone might justify a reduction in the 
pressure of the lips with age.

This work presents limitations due to the disparity 
between subgroups of the sample. This heterogeneity 
is justified, because the demand for surgical correction, 
to be more frequent in patients with mandibular 
prognathism39. However, the evaluation of pressure 
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and resistance of the lips shows a relation between 
variables of the study.

Therefore, it is suggested conducting further 
research to evaluate pressure and resistance of the lips 
with IOPI in a more homogeneous sample of patients 
with malocclusion and populational studies that 
measure the resistance in subjects without occlusion 
alterations, so as to obtain parameters of normality.

CONCLUSION
There was a decrease in pressure in all the subjects 

of the sample being lower in subjects with malocclusion, 
when compared to the reference values described in 
the literature. The Class III subjects showed a decrease 
in pressure and an increase in resistance, but an 
association was not established.

The values of pressure of the lips were higher in 
men than in women and it has been also noted that the 
pressure of the lips tends to decrease within age.
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