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Abstract

:

The orbicularis oculi muscle is the sphincter muscle of the eyelids that blinks and closes the eyes. In this review, our aim was threefold: (1) to introduce the performance characteristics of blinking activity in young and older adults, (2) to discuss the influence of aging on the orbicularis oculi muscle in healthy adults, and (3) to provide information about the effect of facial exercise training on the orbicularis oculi muscle. To achieve the purpose of this review, a search using two electronic databases (PubMed and Scopus) and a search engine (Google Scholar) was conducted. The amplitude and peak velocity of spontaneously blinking behavior, which is an index of muscle function of the orbicularis oculi, appear to be affected by aging. The muscle thickness of the orbicularis oculi tends to be low in older adults, but there are issues that need to be examined further, such as differences in sex and measurement positions. There was no study on the effect of exercise training; however, the results of a highly trained man indicate that the orbicularis oculi muscles might elicit muscle hypertrophy through non-traditional resistance exercise.
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1. Introduction


Cross-sectional studies have suggested progressive age-related declines in muscle size and function in humans. For example, whole-body skeletal muscle volume (mass) measured by magnetic resonance imaging (MRI) was lower in older men and women than in their young counterparts [1]. These results are also supported by a 15-year longitudinal study using MRI [2]. In the human body, there are approximately 600 muscles, when counting the right and left muscles of the same name along with the muscles between the ribs and vertebrae [3]. However, not all of these muscles appear to change at the same rate with age. Cross-sectional studies using ultrasound have found that some but not all muscles differ in size across age groups [4,5]. In the facial muscles, some research reported the influence of age and/or tooth loss on masticatory muscle function and size measured by MRI or ultrasound [6,7]. However, little is known about age-related changes in facial muscle size and function of the upper face [8].



The orbicularis oculi muscle is the sphincter muscle of the eyelids that blinks and closes the eyes. The homeostasis of the eyes surface environment is maintained by a delicate balance between tear production and proper tear drainage. The orbicularis oculi muscle that drives the flow of tears inward plays an important role in maintaining the thickness of the lacrimal layer on the cornea and distributing tears properly on the surface of the eye [9]. The appropriate number of blinks, amplitude (the difference between eyelid position at blink start and maximum eyelid closure), and velocity of the eyelid swing contribute to maintaining this homeostasis. Interestingly, there are close associations between spontaneous blinking behavior and physiological parameters. For example, it has been reported that spontaneous eyelid blinking rate is a surrogate indicator of the dopamine system [10].



The orbicularis oculi muscles may also affect facial expressions and appearance. Signs of facial aging may be caused by changes in soft tissues components (i.e., muscles and adipose tissue), including skin structure and function [11]. It is known that both intrinsic and extrinsic factors affect facial skin aging [12]. However, it is not well understood whether there is a link between a loss of facial muscle mass and function with increasing age. A large-scale cross-sectional study reported that ultrasound-measured facial soft tissue thickness was influenced by sex, body mass index (BMI), and age [13]. For example, the soft tissue thickness of the site centered on the eye pupil and just under the inferior orbital margin was higher in the high BMI group than in the low BMI group for both men and women, and these values are higher in older adults than young adults. A notable feature of aging in the upper face is baggy eyelids. A cross-sectional study on men and women reported that older individuals have smaller orbicularis oculi muscle thickness and larger orbital fat prolapse compared with young individuals, and there was a negative correlation between the two variables [14]. However, little is known about whether the orbicularis oculi muscle size and function are affected by aging and exercise training. The purpose of this review was to (1) introduce the performance characteristics of blinking activity in young and older adults, (2) discuss the influence of aging on the orbicularis oculi muscle in healthy adults, and (3) provide information about the effect of facial exercise training on orbicularis oculi muscle.




2. The Search of Studies


To search for articles that would achieve the purpose of this review, a keyword list was developed (e.g., aging, healthy adults, orbicularis oculi, eye blinking, facial muscle, eyelids, muscle thickness, fiber cross-sectional area, exercise training). An initial check of the keyword list was made against two databases (PubMed and Scopus) and a search engine (Google Scholar) and, where appropriate, additional keywords were added, and modifications to the keyword list were made. References from pertinent articles were cross-referenced to locate any further relevant articles.




3. Influence of Age on the Function of Blinks


The number of spontaneous blinks performed daily is estimated to be approximately 13,500 [15]. As mentioned above, an important function of eyelid blinking is to spread the tear film evenly over the ocular surface. Impaired eyelid blinking disrupts the balance between tear layer replenishment and evaporation, and thus disrupts ocular surface homeostasis. Analysis of eyelid movements by kinematic techniques provides important insights into the influence of aging on blinking activity. For example, Sun et al. [16] investigated kinematic patterns of upper eyelid movements using the magnetic scleral search coil technique in healthy adults aged from 40 to 89 years. Spontaneous blinks, i.e., unconscious and transient closure of both the upper and lower eyelids, were recorded over a period of 15 to 30 min. The authors reported similar blink rates (blinks per minute) among each decade group (from 40–49 years to 80–89 years). Still, a significant age-related change in spontaneous blinks’ amplitude and peak velocity was observed in both the down and up phases. Compared with 40–49 years of age, the amplitude was approximately 25% lower, and the peak velocity was approximately 30% lower in those 80–89 years of age. The authors pointed out that one of the reasons for the lower blink amplitude with age may be related to ptosis (i.e., drooping eye) [16]. Similar results regarding the age-related changes in blinking performance were reported in other studies [15,17,18].



Furthermore, it is observed that eyelid blinks do not always close the eye completely. A study reported that change in horizontal palpebral fissure length during spontaneous eyelid blink was lower in older adults (70–90 years of age) than in young adults (20–29 years of age) [19]. This result suggested that the difference in magnitude of orbicularis oculi muscle contraction between the open state before blinking and the eye closed by blinking may be small in older adults. In addition, it has been reported that the percentage of incomplete eye closure increases in older adults (range 51–77 years) compared with young adults (range 20–30 years) [17]. Together, these results suggest that the function of blinking is affected by age and that change may be due to decreases in strength and function of the orbicularis oculi muscles [19].




4. Influence of Age on the Orbicularis Oculi Muscle Size


One spontaneous blink takes about one-third of a second (approximately 100 milliseconds to close and approximately 200 milliseconds to open). Spontaneous blinks exhibit a temporally asymmetric pattern in which the closing action is much faster than the opening action. This difference in dynamics reflects the difference in myofiber type between the orbicularis oculi muscle, responsible for eyelid closure, and the levator palpebrae superioris muscle, responsible for eye opening [20]. The orbicularis oculi muscle is composed of approximately 90% type II myofibers, which is a relatively higher proportion compared with other facial muscles [21,22,23]. Limited studies have reported age-related differences in myofiber composition and size. For example, the percentage of type II myofibers (type IIa plus type IIx) was similar between young (mean = 88.7%) and older (mean = 88.2%) adults. However, the cross-sectional area of type IIa myofibers was 11% lower in older adults (>70 years old) compared with young adults (<50 years old), although there were no differences in type I and type IIx myofiber cross-sectional areas between the two groups [24].



There are at least three defined sections of the orbicularis oculi muscle (from the outside: orbital, preseptal, and pretarsal), and the proportion of muscle fibers in the muscle is different in each section [24]. For example, the percentage of myofiber cross-sectional area of the pretarsal orbicularis was observed to be approximately 84%, while other sections of this muscle were less than 50%. Tissues other than myofibers in the muscle were mainly neurovascular, fibrous tissue, and adipose tissue [25]. Recently, Fukuda and Kajiya [26] reported that there was no significant difference in the mean myofiber cross-sectional area of the orbicularis oculi muscle between young and old adults (the measured section did not report). However, they observed that the percentage of myofiber areas in the orbicularis oculi muscle was lower in old adults than in young adults (the sample was 19 to 62 years old, but the age range of each young and old group was not reported).



Image processing techniques such as MRI, computed tomography (CT), and ultrasound are used to quantify the small muscles of the face. In the case of the ultrasound method, muscle thickness measurements were performed in a unit of 0.1 mm, and the coefficient of variation and the minimal difference (absolute reliability) were, respectively, 7.7% and 0.25 mm for orbicularis oculi muscle thickness [27]. One study measured muscle volume of the right (2959.9 mm3) and left (3024.7 mm3) orbicularis oculi in healthy adults using MRI and found that this muscle is the symmetrical muscle compared with other facial muscles [28]. In regard to the influence of aging on the orbicularis oculi muscle size, Volk et al. [8] investigated the age-related differences in nine different facial muscles, including the orbicularis oculi, in 140 adults (70 men and 70 women) aged 21–93 years. Ultrasound orbicularis oculi muscle thickness was 16% smaller in women (0.84 mm) than in men (1.00 mm), which was consistent with a previous study [29]. The authors reported that there was a negative correlation (r = −0.242, p = 0.044) between age and muscle thickness of the orbicularis oculi in men but not in women (r = −0.031, p = 0.797). Okuda et al. [14] used CT to measure the orbicularis oculi muscle thickness in 34 adults (25 men and 9 women) aged 20–79 years. The participants were divided into three age groups: 20–29 years (n = 10), 30–54 years (n = 11), and 55–79 years (n = 13). There was a significant difference in the orbicularis oculi muscle thickness among the groups, with those aged 20–29 years having the highest muscle thickness (2.7 mm) and those aged 55–70 years having the lowest muscle thickness (1.7 mm).



To our knowledge, only the two aforementioned studies exist for the influence of age on orbicularis oculi muscle thickness. The results of the study by Okura et al. included a mix of men and women, and the distribution of each age group is unknown. Thus, it is unclear whether the influence of aging on orbicularis oculi muscle thickness differs between men and women. In addition, the orbicularis oculi muscle has a large surface area that surrounds the eye [27], and age-related changes may vary depending on the site of measurement. Okura et al. [14] measured the muscle thickness of the lower eyelid (Figure 1, sagittal plane site-A) and found the aging effect on muscle size, while Volk et al. [8] measured the outside of the eye—the center of the upper and lower eyelids (Figure 1, transverse plane site-B)—and observed an aging effect on muscle size only in men. Additional research is needed to clarify this issue, including multi-site measurements and a large sample size of men and women. For reference, in order to detect a moderate effect (d = 0.5 at a power of 0.8) between men and women, there would need to be 64 participants of each sex. To detect a small effect (d = 0.2), there would need to be approximately 400 men and 400 women.




5. Effect of Facial Exercise on Orbicularis Oculi Muscle Size


The facial muscles are expected to show similar adaptations as the limb muscles, but there is a lack research to support this thesis. For the facial muscles involved in mastication, it is possible to measure maximum muscular strength and use a device for exercise training [30,31,32]. By contrast, there is no established training protocol for the muscles of the upper face [33,34]. Kim et al. [35] introduced a resistance training protocol for the orbicularis oculi muscle using finger pressure on the soft tissue around the eyes. In particular, one method involves an individual putting the index fingers on the outside corners of the eyes in the upper eyelids and the middle fingers at the middle regions of the eyebrow. After that, the individual closes the eyes forcefully against fixed fingers. For the lower eyelid, the individual applies finger pressure on the soft tissue of the lower parts of the eye and similarly closes the eyes against fixed fingers. The authors reported the effects of this training program on skin firmness and elasticity but did not evaluate changes in muscle. Another study reported the effects of self-performed facial exercise training on the appearance of the face and neck, although they did not measure the changes in soft tissue thickness, including muscles [36]. To date, there has not been reported evidence of adaptation in the orbicularis oculi muscle after performing exercise training with the muscle. However, a case study showed the possibility of muscle hypertrophy of the orbicularis oculi following resistance exercise [37]. One man (37 years old) featured in the case study was a member of the circus and was capable of performing with the area around his eyes. He could pull a truck with his lower eyelids using metal hooks attached to his inferior orbital rim. His training consisted of hanging a 5 kg weight on the lower eyelid every day. The authors measured muscle thickness of the orbicularis oculi using MRI and reported that he had an orbicularis oculi muscle that was twice (5.0 mm in left) as thick as a person of the same age (2.5 mm). Although an initial value of his muscle size was not reported, it is inferred that the apparently large muscle size was acquired through daily training. However, we could not obtain the training variables (i.e., training intensity, volume, frequency, and training period) required to cause muscle hypertrophy of the orbicularis oculi muscle.




6. Summary


In this review, we investigated the influence of aging on the orbicularis oculi muscle size and function. Spontaneously blinking behavior, which is an index of muscle function of the orbicularis oculi, certainly seems to be affected by aging. The muscle thickness of the orbicularis oculi tends to be low in older adults, but there are issues to be examined further, such as differences in sex and measurement positions. There was no study on the effect of exercise training; however, the results of a highly trained man indicate that the orbicularis oculi muscles might elicit muscle hypertrophy through non-traditional resistance exercise.
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Figure 1. Measurement sites of orbicularis oculi muscle thickness. One study [13] measured the muscle thickness of the lower eyelid (sagittal plane site-A), while another study [8] measured the outside of the eye—the center of the upper and lower eyelids (transverse plane site-B). 
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