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Aim  This prospective non-randomised case-control study analysed 
lip muscle activity after Lip Bumper (LB) treatment thought surface 
electromyography. 

Methods The study group was composed of 40 young patients 
with a mean age of 10 years and 1 month, treated with LB in the 
lower arch, while 40 children who did not undergo any treatment, 
matched for sex and age with the previous sample, constituted the 
control group. Measurements were performed at the beginning and 
after 1 year for both groups. Electromyographic recordings were 
obtained in rest position and during the swallowing of 50 ml of water. 

Results In the study group, after 1 year of LB treatment, a 
statistically significant decrease in values was found; specifically, in 
upper lip muscle activities at rest position with the appliance in situ 
(p <0.002) and both with (p <0.001) and without (p <0.001) the 
appliance for the lower lip. 

Conclusions One year of LB treatment significantly reduced lip 
muscle activities at both rest position and during swallowing compared 
with the untreated sample. These results indicated a potential short-
term of upper and lower lip muscle adaptation to the new balance 
induced by LB treatment.

Abstract

KEYWORDS Muscle activity; Lip Bumper; Surface electromyography.

Introduction

Since the 1980s [Cetlin et al., 1983], Lip Bumper (LB) 
treatment has stimulated interest in the orthodontic world. 
Many doubts arose about its use, mode of action and influence 
on the soft and hard tissues [Begersen, 1972; Davidovitch et 
al., 1997; Greenfield, 2011; Grossen et al., 1995; Hashish et al., 
2009; Jacob et al., 2014; Nevant et al., 1991; O’Neill, 2009; 
Osborn et al., 1991; Werner et al., 1994].

Lower and upper labial muscle activity changes—during and 
after LB treatment—have been among the most controversial 
topics. The goal of LB is to modify tooth position reducing 
cheek or lip pressure and modify stably their muscle activities. 
If muscle adaptation over the treatment period exists, a “new” 

balance introduced by the LB should be established and the 
stability of the dental arch should be achieved at the newly 
expanded position. Only few studies have been conducted 
comparing pre and post-treatment muscle activity with and 
without LB verifying if any changes occurred [Klocke et al., 
2000; O’Donnell et al., 1998; Soo et al., 1991].

Soo and Moore [1991] measured the changes of the labial 
pressure in rest position. This measurement showed significant 
increases 1 month after LB activation and then decreased to 
near or below pretreatment levels, possibly due to an adaptive 
response. However, as the authors reported [Soo et al., 1991], 
the lip pressure changes were not well understood and showed 
a large inter-individual variation. O’Donnell et al. [1998] 
evaluated changes of the lip force before and after 1 year of 
LB treatment at rest, during the speaking and swallowing in a 
sample of 25 patients aged 10–17 years, with a molar force 
measurement device placed into the LB tubes. However, 
according to the authors, muscle adaptation was not 
demonstrated. Some years later, Klocke et al. [2000] measured 
the labial muscle activity before and after LB treatment in a 
sample of 25 adolescent patients (aged 10–17 years) to 
determine whether twelve months of LB treatment resulted in 
any muscle adaptation. The labial pressure was registered in 
the rest position and during the swallowing using a K6-1 
Diagnostic System (Myotronics Research Inc., Kent, WA) surface 
electromyography.

The data showed that at the beginning of treatment the LB 
induced a significantly increased activity of the lower lip at rest 
and during swallowing that was not followed by a decrease 
during treatment [Klocke et al., 2000]. Thus, the results did not 
indicate an adaptation of the lower lip to the appliance over 
the treatment. No studies have verified and measured the 
functional assessment of labial muscle adaptation after 1 year 
of LB treatment in the lower arch. Our hypothesis was that the 
application of this device could reduce lower lip muscle activities 
and induce a new muscle balance between the lower and the 
upper lip. Therefore, the aim of this prospective non-
randomised cohort study is to analyse the perioral muscle 
activity at the beginning and after 1 year of LB treatment 
using surface electromyography through a new recording 
device (K7) and comparing these data with an age sex 
matched untreated control group to verify if a new muscle 
balance was achieved.
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Materials and methods

Ethics committee and sample
This prospective non-randomised case-control study was 

approved by the Ethics Committee of the University of 
Campania Luigi Vanvitelli, Naples, Italy (n. 0003575/2015) and 
signed informed consents were obtained by patients and/or 
their parents. The sample size was estimated based on 
preliminary data. A minimum sample of 30 subjects was needed 
in order to achieve 80% of power, with an alpha of 5% to 
detect a 0.5 mm of difference (SD 0.5 mm).

Ninety-seven consecutive patients were selected at the 
Orthodontic Programme of the University of Campania Luigi 
Vanvitelli, Naples, Italy, from January to July 2019, according 
to the following inclusion criteria.
-  Presence of full orthodontic pre-treatments records.
-  Normo-divergency skeletal pattern .
-  Class II malocclusion with full or incomplete Class II molar 

and cuspid relationship.
-  Mixed dentition with erupted first permanent molars.
-  OVJ >/= 4 mm.
-  Lower labial interposition at rest and during swallowing. 
-  Orthodontic treatment planning that included only lip bumper 

in the lower arch.
The exclusion criteria were as follows: previous orthodontic 

treatments, appliances in the upper arch, general health 
problems, crossbite and craniofacial anomalies, dysphagia or 
odynophagia and otorhinolaryngological diseases.

One year of LB treatment was proposed to all 97 patients, 
monitoring labial muscle activity both at the start and at the 
end of treatment thought surface electromyography. 

Of the 97 subjects initially selected, with a mean age of 10 
years and 1 month (age range from 7 years and 1 month to 
13 years and 3 months), 17 patients refused to participate in 
the study. Of the remaining 80, 40 of them accepted both 
treatment and monitoring of muscle activity and constituted 
the study group, while the other 40, who accepted only the 
monitoring of muscle activity and refuse all kinds of treatments, 
were enrolled as the control group. 

LB protocol
The LB used was made with 0.045-inch stainless steel 

(American Orthodontics, Sheboygan, WI) with “U” loops mesial 
to the lower first molars and two hooks (Fig. 1). The device 
was placed passively into the molar tubes while in the incisive 
area it reached the level of the gingival margin, 2–3 mm 
anteriorly to the buccal surface of the mandibular incisors. It 
was tied to the lower first molars thought the hooks via 
elastomeric or steel ligatures to guarantee a full-time permanent 

wear during the year of treatment. LB was checked every three 
weeks and, if necessary, modifications were made, to preserve 
its position relative to the lower incisors. 

Electromyography
The K7 Diagnostic System (Myotronics Research Inc., Kent, 

WA) was used to collect the surface electromyography (EMG) 
records. The processed (integrated) EMG data of the upper 
and lower labial muscles were examined with the amount of 
magnification set to 100 µV. The measurement of the muscle 
activity was made constantly during 15 seconds; the records 
could be started and stopped at any time during this time 
interval. Using a graphic display, it was possible to check the 
start and the end of each activity. The K7 system was used to 
calculate the EMG activity for the data segment specified, all 
other data segments were then rejected. EMG raw data were 
sampled at 240 samples per second, the average EMG activity 
(µV) was calculated from the integrated EMG activity from the 
start to end of rest position and during swallowing. The 
recording of the muscle activity was possible with Duotrode 
electrodes (Myotronics Research Inc, Kent WA), bipolar surface 
electrodes (silver/silver chloride) with an interelectrode distance 
of 20 mm [Klocke et al., 2000]. The position of application was 
over the upper and lower lips. The distance between the 
electrodes was increased from 20 to 30 mm with a cut in the 
middle [Klocke et al., 2000]. This increase helped close 
adaptation and enhanced the movements of the lips. A 
template was created to preserve a stable inter-electrode 
distance of 30 mm and allow reproducible positioning of the 
electrodes [Klocke et al., 2000]. A grounding electrode was 
positioned on the skin below the ear lobe. The skin was cleaned 
with ethanol to prepare the site, and the electrodes were placed 
symmetrically to the facial midline at the vermilion border (Fig. 
2). All measurements were made by the same operator 
throughout the whole study.

Recording procedure
The measurements of the labial muscle activity, for each 

patient, were performed on the same day for both groups at 
the beginning (T0) and again after 1 year (T1) of LB treatment. 
Only for the study group, the recordings were performed with 
and without LB in situ. All patients were positioned seated 
upright in a chair with a firm back support with the head in a 
natural situation [Moorrees, 1994]. The measurements were 
obtained at rest position and during the swallowing of 50 ml 
of water. Each measurement was repeated 6 times in every 
recording session. The first one was deleted due to the possible 
influence of the emotional features of the patients [Burdette 

FIG. 1 Intraoral photo of occlusal view of Lip Bumper. FIG. 2 Extraoral photo of a patient with electrodes applied.
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Statistical analysis
Data were expressed as mean and standard deviation, median 

value, and range (minimum and maximum). Dahlberg’s D was 
calculated to quantify the measurement error, and Student’s t 
test for paired data to identify any systematic error.

The non-parametric approach has been used since analysed 
variables (rest and swallow) were not normally distributed, such 
as verified by the Kolmogorov Smirnov test.

For rest and swallow, the Wilcoxon test was applied to perform 
the comparison between the lower lip and upper lip and 
between patients with and without LB in situ (both for the lower 
and the upper lip), separately for study and control groups. Two 
different time points were considered: baseline and after 1 year; 
so, for each parameter, the comparison between two time points 
was performed using the Wilcoxon test.

The comparison between cases and controls was made using 
the Mann-Whitney test for independent samples at the baseline 
and after 1 year, separately. To quantify the variability of the 
data, for both groups, the standard error of the mean was 
calculated for the difference between the baseline 
measurements, compared to those after one month, on 10 
patients for each group. Statistical analyses were performed 
using SPSS 22.0 for Window package. A p-value smaller than 
0.050 was considered to be statistically significant.

Results 

Systematic and random errors for all the variables have been 
calculated. No significant systematic errors were found as 
shown in Table 1. Both groups were composed of 40 patients.  
In the study group there were 22 female and 18 male subjects 
with mean age of 10.4 years (age range from 7.3 to 13.4 years) 
while in the control group there were 21f and 19m with mean 
age of 10,1 years (age range from 7,1 to 13,5 years). 

Comparison between study and control groups at the 
beginning and at the end of treatment (Table 2)

No statistical differences were found at the beginning of 

Study Group
Rest

Study Group
Swallowing

Control Group
Rest

Control Group
Swallowing

P value

Upper Lip

With  Lip Bumper 5.06 7,56 1,21

Without Lip Bumper 0.72 6,14 0,53 3,25 1,02

Lower Lip

With  Lip Bumper 1.408 5,13 0,87

Without Lip Bumper 0.42 1,58 1.14 4,12 0,92

T0 T1

Study Group Control Group Study Group Control Group

Mean SD Mean SD P value Mean SD Mean SD P value

Upper Lip

Rest (lips closed) 7.07 5.35 6.83 3.57 0.68 5.61 3.95 6.75 3.96 1.11

Swallow 59.20 22.60 58.28 20.19 0.90 63.24 28.94 57.17 22.04 0.43

Lower Lip

Rest (lips closed) 14.49 9.39 16.19 7.08 0.15 7.44 5.63 18.54 7.31 <.001*

Swallow 80.28 24.13 81.01 22.88 0.93 81.17 35.84 82.08 14.96 0.54

TABLE 1 Systematic 
errors for all the 
variables.

TABLE 2 Comparison 
of the means of EMG 
recording data between 
Study and Control Groups 
at the start and the end 
of treatment.

*Significant at p < 0.05 
- All data reported were 
in µV

FIG. 3 Rest and swallowing measurements registered by K7 
Diagnostic System.

et al., 1990; Ingervall et al., 1991]. The other 5 recordings were 
performed to reduce the intra-individual variation of the EMG 
data (Fig. 3), and their average estimated and considered in the 
study [Burdette et al., 1990; Harradine et al., 1983; Ingervall et 
al., 1991; Shellhart et al., 1997].
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treatment between the two groups.After 1 year of LB, a 
statistically significant difference (p <.001) was reported in the 
activity of the lower lip at rest due to a reduced value in the 
study group. 

Comparison of lip activity at the start and at the end of 
treatment with and without LB (Table 3)

No statistical differences were found at the beginning of 
treatment between labial muscle activities with and without 
LB. The activity of the upper lip, with the appliance in situ, 
increased at rest position and during swallowing. Instead, for 
the lower lip there was a reduction in both measurements. In 
the same way, at the end of the treatment, no significant 
differences were reported between the labial muscle activity, 
with or without the appliance. 

Comparison between upper and lower lip activities at the 
start of treatment (Table 4)

At the beginning of treatment, statistical differences between 
lip muscle activities were found without LB at rest position (p 
= 0.00) and during swallowing (p = 0.00). While with LB in 
situ, a significant difference between upper and lower lip was 
found only at rest position (p = 0.03). After 1 year, statistical 
differences between lip muscle activities were found only 
without LB during swallowing activities (p = 0.01). 

Changes of lip activity after treatment (Table 5)
Without LB, only the lower lip showed a statistically 

significant change after treatment, at rest position with a 
great reduction in activities (<.001). Whereas with the 
appliance in situ, both lips showed a statistically significant 
reduction between pre-treatment and post-treatment values 
at rest position (p = 0.002; <.001). 

Comparison of treatment effects between the study and 
control groups (Table 6)

Statistically significant differences were found only at rest 

position for the lower lip (p = 0.001).

Influence of sex and age
Sex and age had no influence on the results.

Discussion

The reliability of EMG has always been considered 
controversial about the evaluation of the orofacial muscle 
activity. In this study, to minimise the inter-individual and intra-
individual variations, we used a template to ensure a 
reproducible placement of the electrodes, and we discarded 
the first of the six consecutive recordings both in rest position 
and during swallowing, as suggested by some authors [Burdette 
et al., 1990; Ingervall et al., 1991].

O’Donnell et al. [1998] showed that LB modifies the muscle 
balance between the lips, cheeks and tongue, in 25 patients 
without a comparison with a control group.

Some studies analysed short-term changes of the lip muscle 
activity after LB treatment, with different protocols and results. 
Soo and Moore [1991] measured the muscle activity in 10 
children with Class I molar occlusion in late mixed dentition 
after LB treatment for 8 months. The limits of this study were 
the small number of patients recruited, the use of an intraoral 
transducer with a thickness of 2 mm that influenced lip position 
during the measurements and the absence of a control group. 
Differently, in our study there is an experimental group and a 
control group of 40 patients respectively, and the use of 
extraoral transducers allowed to keep the lips always in a natural 
position during the recordings.

O’Donnell et al. [1998] recorded the lip force at the start and 
after LB treatment using specially designed strain gauges 
mounted bilaterally in the molar tubes, in 25 patients. The limits 
of this study were that the gauges recorded the appliance 
pressure and not the muscle activity and the lack of a control 
group. Contrarily, extraoral transducers, used in this study, 

Without LB With LB

UL LL UL LL

Mean SD Mean SD P value Mean SD Mean SD P value

T0

Rest (lips closed) 7.07 5.35 14.49 9.39 0.00* 8.38 8.51 12.24 8.80 0.03*

Swallow 59.20 22.60 80.28 24.13 0.00* 65.95 32.22 76.18 29.35 0.49

T1

Rest (lips closed) 5.61 3.95 7.44 5.63 0.72 4.78 3.50 5.52 3.25 0.10

Swallow 63.24 28.94 81.17 35.84 0.01* 67.60 24.58 82.40 34.39 0.18

TABLE 4 
Comparison 
between upper 
and lower lip 
activities with 
and without LB at 
the start and the 
end of treatment.

*Significant at p 
< 0.05 - ll data 
reported were 
in µV

T0 T1

Without LB With LB Without LB With LB

Mean SD Mean SD P value Mean SD Mean SD P value

Upper Lip

Rest (lips closed) 7.07 5.35 8.38 8.51 0.68 5.61 3.95 4.78 3.50 0.45

Swallow 59.20 22.60 65.95 32.22 0.49 63.24 28.94 67.60 24.58 0.27
Lower Lip

Rest (lips closed) 14.49 9.39 12.24 8.80 0.16 7.44 5.63 5.52 3.25 0.95

Swallow 80.28 24.13 76.18 29.35 0.59 81.17 35.84 82.40 34.39 0.70

TABLE 3 
Comparison of 
the means of 
lip activity with 
and without LB, 
at the start and 
at the end of 
treatment.

*Significant at p 
< 0.05  - ll data 
reported were 
in µV
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measured muscle activity, and their position on the lips, through 
a template, minimising the influence of other facial muscles 
during the recordings. 

Grossen et al. [1995] stated that the correlation between the 
risk for relapse of the slow expansion of the dental arch 
obtained with LB treatment and the adaptation of the lower 
lip activity was unclear. Instead, other authors showed that 
vestibular shields induced dental arch expansion and also 
encouraged the adaptation of the lips and cheeks [Shellhart et 
al., 1997; Vaiman et al., 2004; Yoshizawa et al., 2004]. These 
outcomes could be explained by the fact that at the end of LB 
treatment, muscle pressure exerted on the teeth could be less 
than that generated after fixed orthodontic treatment. This 
difference in muscle pressure should result in improved stability 
of treatment. 

Also, in the research of Soo and Moore [1991] the outcomes 
showed a decrease in pressure specifically in the midline area 
of the lip and suggesting a muscle adaptive response to LB 
treatment.

Differently, Klocke et al. [2000] after 1 year of LB treatment 
recorded an unchanged environment, according to the results 
of O’Donnell et al. [1998] that did not indicate soft tissue 
adaptation. 

Unfortunately, there are no studies on long-term muscle 
changes, but there are a few papers that analyse the long-term 
clinical stability after LB treatment and fixed appliances [Ferris 
et al., 2005; Marra et al., 2020; Raucci et al., 2015; Raucci et 
al., 2017; Solomon et al., 2006]. These results can indirectly 
justify the development of a new muscular balance gained 
after LB between tongue, lips and cheeks. 

In the current study, after 1 year of treatment the comparison 
between a sample and a control group of both 40 patients 
(Table 2), revealed a statistically significant decrease in muscle 
activity at rest position of the lower lip due to probably at 
muscle adaptation induced by the appliance. The absence of 
significant changes in lip activity recorded during swallowing 
is due to the greater activity of the muscle generated during 

this function. Whereas the lips are most of the time at rest, a 
decrease during this phase in lower lip activity, where the 
appliance is positioned, points out its action, as also suggested 
by Klocke [2000]. These results could imply that the muscle 
balance had changed and a different environment was obtained 
providing the stability of the new and expanded dental arch.  

Any significant differences between data, with and without 
LB in the study group at the start and the end of treatment, 
denoted that the appliance does not change lip normal function 
at rest and during swallowing, although it modifies the muscular 
environment.

Our measurements showed that in both groups, at the start 
of treatment (Table 4) there is not a balance between lip activity, 
with higher values recorded in the lower lip, probably due to 
compensate the incisor gap in rest position and during 
swallowing. With LB in situ, in the rest position, labial muscle 
differences persisted, while was statistically significantly reduced 
during the swallowing, showing the influence of the appliance 
to restore the muscle function.

Our outcomes highlighted that, at the end of treatment, a 
“new” balance introduced by the LB is reached. Without the 
appliance, at rest position, muscle activity of both lips was 
similar, with no hyperactivity of the lower one. Whereas during 
swallowing, a significant difference between lips persisted, due 
to more muscle recruiting during this function, and probably 
more time of treatment is needed to resolve this feature.

Treatment outcomes (Table 5) show that the LB treatment 
was effective in significantly reducing the activity of the lower 
lip. It is interesting to observe how, at the end of treatment, 
there was a reduction of activity values with an adaptation to 
the new muscular balance even in the upper lip, statistically 
significant only with the presence of the appliance.

The comparison with the control group confirmed that LB 
modifies lower lip activity at rest position, with and without 
the device in situ. Although the treatment induced changes 
also to the upper lip, these are not statistically significant when 
compared to the control group.

Without LB With LB

T0 T1 T0 T1

Mean SD Mean SD P value Mean SD Mean SD P value

Upper Lip

Rest (lips closed) 7.07 5.35 5.61 3.95 0.112 8.38 8.51 4.78 3.50 0.002*

Swallow 59.20 22.60 63.24 28.94 0.33 65.95 32.22 67.60 24.58 0.35

Lower Lip

Rest (lips closed) 14.49 9.39 7.44 5.63 <.001* 12.24 8.80 5.52 3.25 <.001*

Swallow 80.28 24.13 81.17 35.84 0.70 76.18 29.35 82.40 34.39 0.37

TABLE 5 Changes of 
lip activity before and 
after treatment, with 
and without LB.

*Significant at p 
< 0.05 - All data 
reported were in µV

Study Group
Without T1-T0

Control Group
T1-T0

Study Group
With T1-T0

Control Group
T1-T0

Mean SD Mean SD P value Mean SD Mean SD P value

Upper Lip

Rest (lips closed) 01.46 5.69 0.08 5.44 0.79 3.59 8.61 0.08 5.44 0.07

Swallow -04.04 23.95 01.10 26.65 0.36 -1.65 38.57 1.10 26.65 0.29

Lower Lip

Rest (lips closed) 07.04 10.28 -02.35 11.18 0.001* 6.71 8.61 -2.35 11.18 0.001*

Swallow -0.89 36.87 -01.07 25.21 0.47 -6.21 39.50 -1.07 25.21 0.62

TABLE 6 Comparison 
of treatment effects 
between the study 
and control groups, 
with and without LB. 

*Significant at p 
< 0.05 - All data 
reported were in µV
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Finally, we hypothesise that the stability of the effects of LB 
treatment might be justified by the lip muscles “new” balance 
gained. These results could be confirmed in a future research 
that evaluates the muscle activity changes, of the same sample 
group, at the end of orthodontic treatment and long-term 
thereafter. Moreover, it can also correlate the muscle activity 
changes after LB treatment with casts analysis, evaluating 
differences in arch widths, length, perimeter and crowding 
and with cephalometric measurements.

This study has some limitations: the recruitment of patients 
was consecutive and no randomisation was performed; current 
data did not consider potential normal growth changes and 
all data were only analyzed in the short-term. 

Conclusions

Significant differences were found between pre- and post-
treatment muscle activity at rest position in upper and lower 
lips with and without LB, with a decrease in the post-treatment 
values. These results indicate a potential short-term muscle 
adaptation of both lips after 1 year of LB with respect to the 
control group.
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