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Abstract: Lip muscle strength has been shown to influence daily functional activities such as facial
expression, speech production, and eating. In this review, recent literature regarding lip strength
and exercise training responses are summarized, highlighting the influence of sex, age, and disease
(e.g., stroke). A search using five electronic databases was conducted. Twelve studies were identified
from the search, which included five studies using healthy adults and seven studies using patients
with diseases or chronic ailments. Regardless of the population, lip strength training multiple times
a day for a relatively short term (<24 weeks) has resulted in improvements of lip muscle strength.
This change in lip strength has been observed in both young and old participants. Although changes
in strength have been observed in both men and women, we are unaware of any studies that have
tested whether there are sex differences in this response. The same directional change can be expected
for patients with stroke and patients with lip incompetence, but the magnitude of the training effect
seems to be higher in healthy people.
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1. Introduction

Lip strength and function is important to consider because it can influence daily activities.
This includes facial expression, speech production, eating behaviors and even indirectly influences
swallowing capacity. Swallowing disorders (dysphagia) are a common condition in older adults,
especially those who have had a stroke and those with neurological disease (e.g., Parkinson’s disease
and Alzheimer’s disease). It is estimated that swallowing disorders occur in up to 40% of adults over
the age of 60 [1]. Further, the prevalence of swallowing disorders was reported to range between
8.1% and 80% in stroke survivors and between 11% and 81% in those with Parkinson’s disease [2].
Dysphagia can also unfavorably impact the quality of life. Patients with swallowing dysfunction
may experience uneasiness and panic during mealtimes, which may lead to malnutrition since eating
becomes less enjoyable [3].

The normal mechanism of swallowing begins with the closure of the mouth/lips. In the first phase
of preparing to swallow, the oral phase, a majority of abnormalities are caused by a reduction of lip
closure force that proceeds with muscular dysfunction of the orofacial complex lip muscles [4]. The oral
phase involves a chewing process in which food is crushed and ground using the teeth. The secretion
of saliva containing enzymes from the salivary glands assists with the formation of a sufficient bolus to
aid in swallowing. The oral vestibule pressure generated by the lips and cheeks during chewing is
thought to help push food towards the back of the mouth [5]. The abnormalities in the second phase of
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swallowing, the pharyngeal phase, are mainly due to a combination of movements from the tongue
and palatal defects. Thus, prior to swallowing, lip function during the initial oral phase is of great
importance and can be influenced by a variety of factors.

The muscle involved in lip closure is mainly the orbicularis oris muscle, which is a complex striated
muscle that surrounds the oral cleft [6]. The loss of function in the orbicularis oris muscle may result in
a detrimental decline to daily functional activities that can originate with a decrease of complete lip
closure and function [7,8]. The decline of lip closure can negatively influence various behaviors, not
only during the oral phase of swallowing but also when forming facial expression, during speech, while
sleeping [9], and in the presence of halitosis [10]. However, lip muscle strength can be improved by lip
exercise training [11]. Previous studies have recruited from a variety of populations including healthy
adults and diseased patients [7,9,11-13]. It may be necessary to consider participant characteristics in
order to better understand the long-term effects of lip exercise. In addition, the equipment used for
training protocols is not consistent across studies. Thus, the purpose of this review is to: 1) introduce
the characteristics of training devices used in previous studies; 2) provide information about the effects
of lip exercise training focused on adult individuals with and without stroke or lip incompetence;
3) discuss possible sex differences; and 4) discuss the effect of aging on these training responses. In
addition, the baseline characteristics of lip muscle strength from cross-sectional studies have been
added to the sections discussing sex differences, the effects of age, and disease.

2. Study Selection

Studies of lip strength training in healthy adults and patients with diseases or chronic ailments
affecting the facial muscles were included. In order to be included, the study had to: (1) have an exercise
program for the facial muscles (including studies using electrical stimulation); (2) include individuals
18 years old and older; and (3) be written in English.

The initial search identified 397 articles from Embase, Google Scholar, Pub Med, Scopus,
and Cochrane Central using the following phrases: “lip strength training”, “lip closure training”,
and “orbicularis oris and training”. An additional two articles were retrieved through manual searches
through the reference lists. A total of 384 articles were excluded based on duplication and screening
the titles and abstracts. After full-text articles were reviewed for eligibility, 12 were included in the

final review (Table 1; Table 2).
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Table 1. Lip strength training in healthy adults.

30f10

Frequency

Measurement

Reference Participants Duration (days/week) Control Time Points Results Notes
13 women Baseline and Labial closure strength increased ~ 11/17 women continued
Ibrahim et al. (12) (40 years and up) 14 or 24 weeks 4/week No 14/24 week: week 1 to 14 and there was also an exercise for additional
years P cexs increase from week 1 to 24 (n = 11) 10 weeks
. Labial closure strength increased at
Arakawa et al. (22) 12 men and 12 women 2 months 7/week Yes Baseline, 1, and 2 month 1 and continued to increase A con.trol group was
(25.1 + 3.0 years) months . included
in month 2
10 men and . . . . . .
10 women Baseline, during,  Total lip-closing force increased at The training group
Kaede et al. (7) (267 +181t0 4 weeks 7/week Yes and after every 3 and 4 weeks in training decreased in force after
285 i l_ 5 ;/ears) training week group vs. control a week of no training
" 66 Japanese women . No difference between groups but
Fujiwara et al. (23) (29.6 years) 7 days 7/week Yes Baseline, 6, 8 days there was an increase with ime
Lip-closure force increased, less
Takamoto et al. (9) 18 men and 2 women 4 weeks 7/week Yes Baseline and 4 time to eat, food spilling decreased, A control group

(86.3 + 1 years)

weeks

sleep duration decreased, and
cerebral hemodynamics increased

was included
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Table 2. Lip strength training in adults with health complications.

40f10

Frequency

Measurement Time

Reference Participants Duration (days/week) Control Points Results Notes
Hagg a?ﬁ)A nniko 30 stroke patients (49-88 years) 5-8 weeks Unknown No Baseline and >5 weeks  Increase in lip force and increase in swallowing capacity
Baseline, 2, and
12 men and 6 women 4 weeks of training, Sealed lip ratio increased at 2 and 4 weeks of training
Ohtsuka et al. (29) (25 £ 2.5 years) with lip 4 weeks 7/week No and 4 and 8 weeks and was not different from the end of training to 4 or
incompetence from termination of 8 weeks from the termination of training
training
Yoshiz ¢ al 10 men and 10 women Baseline. 2. and Strength and endurance of orbicularis oris increased
ostuzawa et al. (23.6 + 2.3 years) with lip 4 weeks 7/week No aseune, & & gradually during the training period and decreased
(30) . 4 weeks . . .. X
incompetence slightly during the post-trainingperiod
34 women and 14 men with
Byeon (16) dysphagia in an experimental 3 weeks 5/week Yes Baseline and 3 weeks Lip compression increased in the
and control group experimental group vs. control
(62.5 + 6.5and 64.1 + 7.1)
Ohetal. (27) 8 patients 4 weeks 5/week No Baseline and 4 weeks Lip strength increased Gender and age were
not reported
14 men and 11 women Iiﬁi?&iﬁiﬁiﬁ
Yoshizawa etal.  (24.5+2.6 yea.irs) separated into 4 weeks 7jweek No Baseline, 2, 4, 8, and Lip 1ncompetence. coul.d.be improved by hypoxic greater orbicularis oris
(31) groups of lip incompetence and 12 weeks liptraining only .
tence muscle activity to keep
compe their lips closed
10 patients with swallowing
Park et al. (13) disorder and facial palsy after 4 weeks 5/week No Baseline and 4 weeks Lip-closure force increased
stroke
9 women and 4 men Baseline. 1. and

Saleem et al. (32) (69.8 + 6.1 year) with 6 weeks 7/week No -~ Lip force increased 1 and 6 months after training

periodontaldisease

6 months
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3. Devices Used in Lip Exercise Intervention

Various tools have been used in lip closure training. Devices used in previous studies include
(1) Lip trainers, (2) oral screens, (3) the Iowa Oral Performance Instrument (IOPI) and, (4) the JMS
device, which is similar to the IOPI. All the devices reported in the previous studies have resulted in an
increase in lip-closing force in young and older adults, suggesting that lip function can be improved by
these various training methods. Although there does not seem to be any past literature comparing the
devices pertaining to the lip muscles, there are suggestions that the size of the oral screens influences
the lip force produced [14].

Lip trainers are commercially available and are marketed towards the improvement and
maintenance of health and beauty. When used for lip muscle strength training [7,12], the device is set in
front of closed teeth behind the upper and lower lips (see the pictures in ref. 6). An attachment handle
is connected to the top and bottom of the device to allow users to gently pull the device, generating
a force against the lip muscles. The original instructions for the usage of the device are to maintain
a clenched lip position on the lip training device for three minutes, 3—4 times a day [7,12]. The exercise
intensity is not specified and, due to the device’s structure, it is not adjustable (Table 3).

Table 3. Training program including exercise intensity, volume, and rest interval between sets of lip
strength training.

Reference Device Intensity Volume Rest Interval

Healthy adults

Ibrahim et al. (12) Lip trainer Unknown 3 min X 4 sets Unknown
. 2 s x 20 rotations
Arakawa et al. (22) Tongue rotation Unknown (to the right and left) Unknown
Kaede et al. (7) Lip trainer Unknown 3 min X 3 sets Unknown
Fujiwara et al. (23) Oral screen Unknown (200 g or 400 g water bottle) 30's x 5 sets 30s
Takamoto et al. (9) Lip trainer Unknown (load reported as 4 N) 3 min X 3 times Unknown
Patients with disease
Hagg ﬁ{? nniko Oral screen Unknown 5-10 s x 3 reps, 3 times daily Unknown
55 % 20 reps (50%) or
Ohtsuka et al. (29) Oral screen 50% or 80% MTS 55 x 5 reps (80%) or 5s
55 x 5 reps (50%)
Y"Shlz(g‘l“;a etal Oral screen 80% MTS 55 % 5 reps 55
30 min sessions of 9
Byeon (16) 10PI Unknown exerclses Wlﬂ? 2 sp'ec1f1caAIIy Unknown
targeting the lips (lip closing,
lip protrusion)
Park et al. (13) 10PT 70% MVC 30 reps Unknown
Saleem et al. (32) Lip trainer Unknown 3 min, 3 times daily Unknown

IOPI, Iowa Oral Performance Instrument; MTS, maximum tensile strength; MVC, maximum voluntary contraction

The Oral Screen is a custom-made acrylic screen that extends backward to the front of the user’s
teeth and behind the user’s upper and lower lips (see the figures in ref. 14). This lip training device
has an attached metal loop which encourages the user to manually pull the device against the lips.
It has also been used to rehabilitate patients with oral motor dysfunction [11]. Different-sized oral
screens have been implemented for research and clinical use; however, the majority of studies have not
determined exercise intensity (Table 3).

The IOPI, developed in 2001, is a tongue and cheek strength measurement device that has been
modified to also measure the strength of the lip muscles. Thus, it can be used to strengthen the lip
muscles with its biofeedback feature for oral motor exercise [15]. This device, unlike the previous
devices mentioned, provides biofeedback digitally in kilopascal units. Thus, unlike the Lip trainers,
this device can prescribe a set intensity for lip strength training. This instrument has been used



Cosmetics 2020, 7, 18 6 of 10

in research for lip strengthening protocols and evaluations [13,16]. The IOPI measures force using
a tongue bulb. A method that has been implemented for the assessment in lip muscle strength requires
placing the bulb between two wooden blades [17,18]. This configuration would allow the distribution
of the pressure, exerted by the lips, to be even across the entire surface of the bulb.

4. The Influence of Sex on Baseline Lip Strength and in Response to Training

4.1. Sex Differences in Baseline Lip Strength in Healthy Adults

Lip strength measurements, using the IOPI bulb placed between two wooden blades, have been
found to be greater for men than for women [18-20]. For example, a study measured 171 participants
(men and women) and reported that maximal lip compression, measured via IOPI, was higher in men
(33.8 kPa) than in women (22.4 kPa) [18]. However, one study with 120 participants separated into
three age groups and by sex did not observe a lip strength difference between men and women [21].

4.2. Influence of Sex on Lip Training Responses in Healthy Adults

Of the previous studies included, three studies included both men and women pooled
together [7,9,22], and two studies [12,23] included only women (Table 1). Four of the five studies
included control groups to better indicate if there was a difference in lip strength with training [7,9,22,23],
while the other defined a change as anything that exceeded the baseline value. A Lip trainer was used
for training in three studies (Table 3). For example, lip-closure strength increased about 4 N (relative
change of 68%) following 14 weeks of lip training and continued to increase about 3 N for those
participants in the women group that continued lip training for another 10 weeks [12]. Healthy men
and women using the Lip trainer also observed increases in lip-closing force after four weeks when
compared to a control group at the same time point [7]. One study reported the effect of tongue rotation
exercise training on lip-closure strength in men and women [22]. The authors found that lip strength
was increased by about 4.2 kPa (relative change of 29.7%) in men and about 3.5 kPa (relative change
of 34.3%) in women after 3 months of training. To our knowledge, there has been no direct study to
discuss the possible sex differences in training adaptations.

5. Differences in Baseline Lip Strength and in Response to Training between Young and
Older Adults

5.1. Age-Related Differences in Baseline Lip Strength in Healthy Adults

Lip force measured through different methods does not appear to differ with age in a healthy
population. For example, a study by Clark and Solomon [18] compared lip compression strength
using the IOPI in three age groups, i.e., young (18-29 years), middle-aged (30-59 years), and old
(60-89 years) adults. The authors reported that there was no difference in lip strength among the
three groups (young = 27.5 kPa, middle-aged = 27.0 kPa, and old = 31.9 kPa). The maintenance
of lip strength until older age may be due to the activity of the lip muscles during daily chewing
and swallowing. For example, an electromyographic (EMG) study showed that during swallowing
of saliva, an action that is repeated about 600-3000 times each day, EMG activity of the orbicularis
oris superior muscle was 50-60% of maximal contraction [24]. However, it is unclear whether these
activities of the lips persist in very old people. Thus, it may be possible that how the age is divided
may affect the interpretation. Another study compared differences in lip strength (measured via IOPI)
in four age groups [25]. In both men and women, the lip strength values of the young (20-39 years),
middle-age (40-59 years), and old (60-79 years) individuals were not different from one another but
were different from that of the very old group (>80 years) [25]. Longitudinal studies are needed to
confirm the results of the cross-sectional studies described above. Future research is desired.



Cosmetics 2020, 7, 18 7 of 10

5.2. Influence of Age on Lip Training Responses in Healthy Adults

Five studies included interventions in lip strength training in healthy adults (Table 1). Three of the
studies used young adults [7,22,23], and the other two included middle-aged and older adults [9,12].
Training from as short as seven days to as long as two months resulted in an increase in lip strength in
healthy participants. A variety of methods have been implemented for lip strength training, such as:
(1) lip trainers [7,9,12], (2) oral screens [23], and even (3) one’s own tongue [22].

Multidirectional lip-closing force in young women has been shown to increase after short-term lip
training. The effects of the application of low (200 grams) and high loads (400 grams) using bottled water
attached by a string to an intra-oral plate in the oral vestibule were compared. Both training groups
showed an increase in lip-closing force when compared to the control group, and the change did not
differ between the two training groups [23]. These results would suggest that a very short-term program
(two times a day for approximately one week) may increase the lip-closing force. Kaede et al. [7] also
used the multidirectional lip-closing force measurement device to measure lip strength. After four
weeks of training using a Lip trainer, changes in total lip-closing force were increased at week 3 and 4
when compared to a control group. A marked increase of about 40% was noted at the completion of
the four-week training period. Further, they reported that the time course of training adaptations may
not be the same for the upper lip and the lower lip.

Similar to young healthy adults, when very old residents (mean age 86 years) from an elder care
facility completed lip strength training using the lip trainer, maximal lip-closure force increased (4.66 to
6.77 N, relative change of 45%) following 4 weeks of training [9]. In addition, those authors observed
improvements in the time of eating (14.9 to 12.6 seconds) and food spilling (3.47 to 1.44 times/mouthful)
compared to a control group. Ibrahim and colleagues [12] found that lip-closure strength increased
in healthy women (>40 years) from the first week to 14 weeks (5.7 to 9.6 N, relative change of 68%)
of training and from the first week to 24 weeks (4.9 to 12.9 N, relative change of 163%) of training
for those that continued the training intervention also using the lip trainer as a training device for
improving lip strength. The pre-values are different because those who did not continue the training
after 14 weeks were not included in the comparison from week one to 24. These results indicate that
lip strength values may see a consistent and progressive increase with the continuation of the exercise
regime. However, whether there is a difference in the training response between healthy young and
older adults has yet to be determined. A cross-sectional study [18] shows the wide range of variation in
lip strength in each age group (range between 12 and 73 kPa in young adults, between 13 and 74 kPa in
middle-aged adults, and between 15 and 62 kPa in older adults). In contrast, a short-term intervention
improves lip muscle strength, but the magnitude of improvement reported in the previous studies
does not seem to be as high when compared to the range of the variation in lip strength. Therefore,
it would seem that if a healthy individual has lower lip compression values, training would increase
that strength but may not increase it enough to make it comparable to that of someone who already
has a high lip compression strength.

6. Lip Training Response in Patients with Disease

6.1. Differences in Lip Muscle Function in Patients with Disease

It is well known that an inability to close the lip muscles results in food being expelled from the
corners of the mouth, which impairs swallowing [4,11]. Both impaired lip strength and dysphagia
have been observed even when stroke patients lack visual detectable signs of facial paralysis [11].
A study [4] reported that patients with stroke (9.5 N), patients with stroke and initial facial palsy (8.3 N),
and patients with stroke without facial palsy (11.0 N) had weak lip strength, which was approximately
30-40% of that of healthy participants (24.2 N). These results suggest that a reason for the observed
difference of lip strength and function between healthy individuals and stroke patients without facial
palsy is because there is a subclinical facial paresis in stroke patients which results in weak lip function
without ordinary signs of unilateral facial paresis [26].
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6.2. Lip Training Responses in Patients with Stroke

Lip strength training for patients with stroke has been studied with interventions spanning from
three [16] to five weeks [4,11,13] (Table 2). Training with an acrylic Oral Screen placed directly behind
closed lips that is horizontally pulled for sets of 5-10 seconds have resulted in increased lip force [11].
Thus, lip muscle training supported earlier findings of its usefulness in treating dysphagia. Hagg
and Anniko [4] followed up with a review article to understand the potential influence of lip function
on swallowing capacity in patients with stroke, stroke with initial facial palsy, stroke without initial
facial palsy, and healthy individuals and concluded that the changes in lip muscle function in patients
with stroke were also able to improve the swallowing capacity in each population. Patients with
stroke and dysphagia have demonstrated an increase in lip compression strength measured by the
IOPI (10.5 to 12.8 kPa) following 3 weeks of orofacial myofunctional training [16]. After lip muscle
training with the IOPI, the lip muscle strength showed a significant increase from 20.5 to 25.3 kPa [13].
Similarly, when using electrical stimulation to the lip muscles (30 min/day, 5 days/week for 4 weeks),
patients with dysphagia after stroke had an improvement in lip muscle strength measured by the IOPI
(5.9 to 20.5 kPa) [27]. The change in lip muscle training in patients with stroke resulted in increased lip
strength and function [11,13,16,27].

6.3. Lip Training Responses in Patients with Lip Incompetence

Lip incompetence has been described as having a sealed lip ratio of less than 30.1% during
relaxation and of less than 13.2% during concentration [28]. The sealed lip ratio is calculated as the total
sealed-lip time divided by the total recorded time [28] or estimated using lip-contact sensor/electrical
recording devices [29]. Lip strength training has been used for both men and women to improve lip
incompetence [29-31]. Young men and women that partook in a 4 week intervention of lip endurance
training with traction plates connected to a weight by strings displayed an increase in sealed lip
ratio at 2 and 4 weeks after training but did not show differences after training ended (8 weeks) [29].
Along with the lip training protocol from Ohtusuka and colleagues [29], the results for strength and lip
endurance did not differ pre- and post-training. Lip strength training using a traction plate inserted
behind the lips connected to a weight by strings (80% of maximum tensile strength) for 4 weeks has
been observed to increase strength [30]. Lip muscle strength was measured by traction plates pulled
by a testing machine. The increase of lip strength was observed gradually during the training period
from baseline (981.7 g) to 4 weeks (1372.7 g) of training [30]. This type of lip strength training was
also evaluated in individuals with and without lip incompetence measured by electromyography
activity, and it was suggested that individuals with lip incompetence need greater orbicularis oris
muscle activity to keep their lips closed [31].

7. Future Considerations

In order to obtain a reliable measurement of lip force, it is important to ensure that the devices used
for training utilize a method of squeezing the lips rather than sucking. For example, prefabricated oral
screens or bottled water have a limitation, since participants can suck instead of actually squeezing their
lips during training and/or measurement of their lip muscle strength. To obtain a reliable measurement
of lip force, a method that induces squeezing of the lips without sucking should be adopted. In addition,
there is a lack of studies on the impact of training variables (i.e., exercise intensity, volume, frequency,
and training period) on lip strength training [32]. Future studies are needed to better determine if there
are dose—response relationships in lip strength training in individuals with and without disease.

8. Conclusion

Lip strength appears to be higher in men than in women, regardless of age. Additionally,
lip strength may be lower in much older populations (>80 years) compared to young people. A variety
of equipment is used for training interventions to improve lip strength and function. Furthermore,
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lip strength training has been shown to increase lip strength in both young and old healthy participants.
However, since a variety of equipment is used for training interventions, standardized measuring
tools and training equipment are necessary in the future. Although changes in strength have been
observed in both men and women, we are unaware of any studies that have tested whether there are
sex differences in this response. Similar benefits can be expected in patients with stroke and patients
with lip incompetence, but the training effect could be higher in healthy people. Future research is
necessary to discuss training methods and conditions that can be more effective. Until more work is
completed investigating the impact of different training variables, specific recommendations related to
lip strength training cannot be made.
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