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Abstract

This paper discusses the effects of sitting-walking (SW) derived from Tai Chi
gait on fall prevention in older adults. Falls and instability of balance during
normal walking (NW) are common problems among older adults. As independ-
ent risk factors for falls, muscle weakness, poor gait and balance (physiological
factors), and fear of falls (psychological factors) are considered major obstacles
to NW in older adults. The common approaches to fall prevention have focused
on interventions aimed at improving the underlying problem, resulting in only
a modest improvement in walking. Based on the physiological conditions of
older adults, this paper focuses on reducing the risk of falls by solving the ex-
isting problems in the walk model itself. The authors believe that the problems
existing in the NW (discussed in the second part) that cause unstable walking
are the root cause of the falls of older adults with low physiological function
and physical ability, and present a new perspective to minimize falls by chang-
ing the walking pattern itself. This paper aims to address the main problems in
the NW phase, including the gait initiation and termination, and the active role
of'the SW mode (considered in the first part) to avoid the NW problems in older
adults, thus reducing the difficulty of walking and improving walking stability.
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Introduction

Poor balance and falls are major clinical problems in older adults [1]. Falls are common in older adults and pose a
serious threat to health [2-4], leading to injuries, reducing quality of life, and threatening their ability to live inde-
pendently [5]. Falls contribute to injury and death in older people and are a public health problem worldwide [6-9].
Consequently, to avoid injury, reduce medical costs, and improve quality of life, it is urgent to reduce the risk of falls
among older adults [10].

Steindler [11] considers walking to be a series of narrowly avoided disasters. It shows that walking is a complex
process, although this does not seem to be the case for normal people [12]. For older adults, however, walking seems
to be an inevitable disaster. This is due to the problem of normal walking (NW) (see Part II), which is particularly
significant in older adults with impaired physical function. Walking, as a complex task, poses requirements for the
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musculoskeletal, cardiopulmonary, and nervous systems [13]. In other words, walking is a full-body movement that
requires internal and external coordination. The ability to walk normally depends on the free movement of joints
(especially legs), the proper movement and strength of muscles, and the normal sensory input of visual, propriocep-
tive, and vestibular systems [1]. Many functional abilities [14], such as mobility [15], balance [16], posture control,
proprioception, muscle strength, and tone and step height decline with aging, thereby reducing the ability to avoid
falling [1]. This physiological decline amplifies and exaggerates the inherent problems of NW and is a key reason
why older people are more likely to fall.

There are many reasons for falls in older adults, including physiological and psychological factors. Physiological
factors (poor gait and balance) and psychological factors (fear of falling) are independent risk factors for falls [17].
Physiologically, the most important of these risk factors are muscle weakness and gait and balance problems [1],
which are also considered the three main intrinsic fall risk factors [18]. Muscular weakness is an extremely common
phenomenon among older adults, mainly due to disease or lack of activity, rather than aging itself [1]. The problem
of gait may be due to changes in simple, age-related gait and balance, and to specific functional abnormalities in the
nervous, muscular [1, 19], skeletal, circulatory, and respiratory systems, or the decline of function after an absence
of activity [1]. Balance problems may be influenced by factors such as muscle weakness, sensory impairment, and
limited movement [20]. Furthermore, in balance and falls, posture and center of mass (COM) play an important role
[20]. From a psychological point of view, fear of falling is the psychological trauma caused by falling [21, 22]. A
rising cycle of falls and fear leads to a reduction in physical activity, a reduction in functional abilities, and a reduction
in the quality of life [23-25].

Age-related changes in neuromuscular functioning can lead to changes in gait characteristics [26]. Due to the
decline of the central and peripheral nervous systems, which is influenced by age or disease, intrinsic motor or posture
control during walking may be compromised, leading to a significant increase in the variability of gait [27, 28]. This
makes older people's gait more rigid, less coordinated, and more precarious [1], resulting in imbalances and dimin-
ished gait performance [19]. While some functional problems with aging are inevitable, some risk factors can be
modified with appropriate interventions. [1, 29, 30]. Factors such as balance and gait impairment, muscle weakness
[30-35], and fear of falling [33-35] can be modified. Interventions can reduce the risk of falling due to problems with
gait issues, weakness, imbalance, neurosensory issues, and behavior [36, 37].

There are large amounts of literature and technologies related to intervention issues. Common interventions for
improving walking, such as strengthening, endurance, and flexibility programs, are used to improve the underlying
impairments of the associated systems [38]. However, these multi-factorial impairment-based programs only slightly
improved walking [39-44]. Because there is not much effective evidence-based data available for older adults, it is
difficult to choose the right intervention for fall prevention [45]. There is also little evidence that interventions with
intermediate effects reduce the risk of long-term ((post-intervention) falls [46]. Exercise is recommended to reduce
the risk of falls in older adults, but it can cause negative consequences and injury if it is improper [47-49]. Therefore,
innovative approaches should be taken to minimize falls [50]. A walking disability develops gradually and many
older people with mobility problems are referred to geriatric specialists, but the causes of walking difficulties are
often undetermined [13]. Interventions are also difficult to implement if the cause is unknown. Consequently, the
authors believe that intervention to improve the underlying damage to the relevant system is not sufficient to prevent
falls for older adults. Because of existing diagnostic and intervention problems, a different approach should be con-
sidered.

How to deal with the problem of older adults falling? Research has shown that older adults accept information that
shows how to change rather than pointing out existing flaws [51].

It is better to have older adults actively participate in the intervention and help them become independent and
confident. It is only through this can they achieve their independence and self-confidence. Helping older adults learn
and practice new walking skills is an active intervention to replace a problematic gait pattern.

As mentioned above, the problems that exist in the NW itself are the root causes of walking instability. This insta-
bility is undoubtedly disastrous for older adults who have already weak physiological and motor abilities. It can be
said that the NW mode is not suitable for older adults, and its existing problems are dangerous for them. Therefore,
the solution to effectively reduce the risk of falling in older adults must begin with the solution to the existing prob-
lems in the NW. In other words, the key to solving the problem of fall prevention is to change the walking mode itself.
The paper explores solutions from the perspective of the walk mode itself. The sitting-walking (SW) mode derived
from Tai Chi-Gait (TCG) introduced in this paper not only avoids problems in the NW but also overcomes the nega-
tive effects of these problems in older adults and can help prevent falls. There is no academic literature on this issue
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to date. The methods described in this paper differ significantly from interventions based solely on improving multi-
factorial injury.

Balance and proprioception in older adults are impaired, and the range of motion of joints is small, so it is difficult
to apply stable or constant muscle force [52-54]. This is a common physiological condition in older adults. Improving
the overall physical condition will improve the NW gait but it is not likely to return to a stable ambulation. Even for
healthier older adults, have difficulty overcoming problems posed by NW. Therefore, older adults must minimize
unstable factors during walking and reduce the uncontrollability of the walking process. This is like the high jump.
If the height of the jump remains the same, it is still difficult for a person whose ability is not as good as before to
accomplish the task only through physical and technical training. If the height is moderately reduced and training is
provided in line with the physical state of the person to improve his or her ability, the success rate of performing tasks
will increase greatly. Compared to NW, SW eliminates some unstable factors in NW and reduces excessive muscle
strength dependence. Not only is walking relatively stable and easy, but it is also relatively easy to control body
balance. For older people who have undergone physiological degenerative changes, the difficulty of walking is re-
duced. If supplemented with correct Tai Chi (TC) training, it can greatly improve the body's physiological functions
and balance, making walking more stable. When older adults are more stable in their walking, self-confidence will
be restored and the psychological problem of falling fear will be overcome. The SW posture enables the body to
emphasize the role of skeletons and ligaments, decreasing overdependence on muscles, and thereby reducing muscle
load and involvement. Maintaining the COM within the base of support (BOS) during SW makes balance relatively
controllable. The horizontal advancing gait pattern shown by SW makes the gait quite stable. As mentioned above,
SW shows great advantages over NW. These advantages not only make walking easier and more stable but signifi-
cantly reduce the risk of falling due to the physiological degeneration of older adults in the NW. The following is a
corresponding discussion on the main problems of older adults in the NW process according to the issues discussed
earlier (Part II).

1. Reduction of Motion Disturbances During Walking

The most common internal disturbance that occurs during walking is from the rotation, extension, and flexion of the
body in different directions [55]. This problem is an activity based on dynamic posture. The problems existing in NW
are the cause of these disturbances, which are particularly prominent in older adults. This is not only related to the
NW gait itself but also to the walking posture and physiological decline of older adults. Therefore, by changing the
walking gait pattern, adjusting the walking posture, and avoiding many problems caused by physiological decline in
older adults as much as possible, the interference of NW problems in older adults can be reduced or avoided to
maximize balance during walking. SW has a unique gait and posture and plays a positive practical role in solving the
above-mentioned problems.

1.1 Progressing forward

The goal of walking is to move forward [56]. During NW, the progression in the forward direction begins in the pre-
swing, which is related to the activity of the ankle and plantar flexor muscle. The COM of a human walker rises and
decelerates in the first half of the stance phase [57, 58]. This requires the foot to flex at the ankle in preparation for
the "toe off" [59]. However, studies have shown that during the terminal stance of gait in older adults, plantar flexor
strength in the ankle decreases when speed is adjusted [60]. Observation shows that older adults have a decreased
push-off power at the ankle compared to young people [61]. Moreover, the maximum backward tilt of the body occurs
during the mid-stance [62]. This makes the transition from double support to single support unstable. The lower
plantar flexor torque and strength at the ankle caused by the decrease in mobility with age [61, 63, 64] result in
reduced push-off power on the back foot. Insufficient strength of the plantar flexor makes it difficult to quickly obtain
enough kinetic energy (KE) to raise and move forward the COM. This leads to a longer duration of double support
in NW for older adults [61, 65], causing a slower pace [66]. As a result, the slowness of older people's walking is
partly due to the prolonged duration of double support [67]. Age-related gait differences may be due to differences in
gait speed [60]. Therefore, muscle strength and gait speed are directly related [68, 69]. Increased stride variability in
step length, speed, and double support time significantly can increase the likelihood of future falls in older adults,
regardless of whether they fear falling or not [70]. In addition, the extended time of double support also slows down
the transformation of the COM. The delay or deficiency of the body's COM transformation may also cause an overall
loss of balance, break the weight transfer chain, and even lead to falls [66]. These are related to the strength of the
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plantar flexors. Compared to other muscle groups, the ankle plantar flexor in older adults has more biomechanical
and physiological defects [60]. With age, the physiological and biomechanical properties of plantar flexors decrease,
resulting in older people using these muscles with less torque and power during walking than younger people [60].
In short, the decline of plantar flexor strength is a unique physiological degenerative feature of older adults, making
progress forward more difficult during NW.

From foot-flat to toe-off, the hip of the leg is extended [71]. In other words, when the swing foot swings forward
from the toe-off, the support leg hip is in extension. The swing leg swings forward based on the support leg. In this
process, the hip of the support leg should be extended to help swing the leg forward, thus achieving the forward and
upward movement of the body's COM. However, the hip extension ability of older adults decreases with age, which
interferes with the motion of the swing leg, thus affecting the progression in the forward direction of the gait.

During the entire SW process, whether it is the single-foot landing (SFL) phase, the double-foot landing (DFL)
phase, or the transition phase between the two phases, the trunk is in a vertical state [72]. During the process of
progressing forward, the body will not experience ups and downs or tilt back and forth due to the movement of the
lower limbs, which makes the body stable in any state. The forward movement of the COM is accomplished by
gaining KE by pushing the ground with the heel in the initial COM transformation (COMT) [72]. In this process, the
COM moves stably in the BOS between the feet [72], and the velocity is easy to control. During the transition from
DFL to SFL, the dependence on the plantar flexor is minimal due to the absence of the rear foot’s push-off, which
avoids problems caused by plantar flexor weakness and decreased ankle strength. In SW, the hip is basically in a
slight flexion [72], which avoids the problem of insufficient hip extension ability in older adults.

1.2 Leaning forward

During NW, the body leans forward, causing a great disturbance in balance. The maximum forward tilt occurs before
initial contact [62]. To prevent falls, it is necessary to move the foot forward to a new position to temporarily restore
balance [73]. The momentum of the body leaning forward causes the body's COM to exceed the new position of the
foot, forcing the other foot to take a step forward, thus achieving the body's forward progress through the successive
and alternative shifts of feet [73]. During walking, the trunk moves in the sagittal plane to balance the lower limb
movement [74], which is related to the support leg and trunk. For the support leg, near the terminal stance, the heel
begins to rise, and the plantar flexor increases its contractile force and concentric action [75, 76]. As a result, it is
possible to control the velocity at which the body leans forward and the swing leg falls. The maximum forward tilt
of the body before initial contact [62] and the decline and acceleration of the COM in the second half of the stance
phase [57, 58], and the fact that older people's trunks lean forward while walking [60], all cause their trunks to lean
forward even more. The strength of the plantar flexor muscle in older adults is weakened, resulting in a decline in the
ability to control the forward tilt of the trunk and a decrease in stability during walking. It can be said that the muscle
strength of the plantar flexor is related to the stability limit of older adults [77]. As muscle strength declines further
with age [78, 79], older people need to use greater muscle strength in gait, which can change time-space parameters
such as stride length and speed [26].

Relatively speaking, older adults have significantly longer ground contact times and shorter flight (in the air) times
[26]. The shortening of the stride length of older adults is related to the shorter time required by swinging forward
[60]. The variability of stride length increases with age [80, 81]. As a result, during older adults’ walking, the swing
leg spends less time in the air, the front foot contacts faster, and the stride length is shorter. Studies have shown that
the gait speed and stride length of older people are reduced by 17 to 20 percent compared to those of younger people
[82]. This is why older adults have shorter strides, slower walking speeds, and faster heel contact than younger people
[66]. In terms of the trunk, it is the ground reaction force (GRF) that causes the trunk muscles to react during gait
[83].

Therefore, the GRF generated by the heel strike during walking is transmitted to the trunk through the lower limb
and pelvis, moving the trunk forward as the body's COM is relatively located forward [83]. At heel strike, it seems
that the activity of the back extensor muscles resists trunk flexion [83]. However, in previous studies, it was found
that age and gender are associated with trunk extensor strength [84, 85]. Studies have shown that lumbar extensor
strength declines by approximately 50% during the third to sixth decade of life [86]. The degeneration of back mus-
cles in older adults reduces the ability to control the flexion of the trunk, which increases the tendency of the body to
lean forward. The influence of reduced plantar flexor strength on forward-leaning, stride length, and heel-contact
time is a disturbing factor that leads to the imbalance of older adults in the NW.
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During SW, from the dangle phase to early DFL (i.e., heel contact), the body's COM is always located in the BOS
of the support leg, and the trunk remains vertically stable without leaning forward [72]. This does not interfere with
the dangle amplitude or landing time of the dangling leg. Both the heel contact without a strike and the vertical lumbar
posture do not cause tension in the back extensors.

1.3 Pelvic rotation

During the NW, pelvic rotation also affects balance. The rotation of the pelvis plays an important role in prolonging
the stride [87]. The increase in the pelvic transverse range of motion causes the rise of the stride length and improve-
ment of the relative constant cadence, resulting in acceleration of the gait speed [88]. However, the degeneration of
the nervous system and musculoskeletal systems increases with age, making the rotation of the trunk more rigid [89].
This reduces the horizontal rotation of the trunk. Furthermore, as previously mentioned, the lengthening of the double
support time of NW also reduces the gait speed. The slow gait speed of older adults may lead to a reduction in
transverse pelvic motion [90]. Reduced pelvic motion in older adults may affect gait stability [91]. Walking stability
indicates not only gait stability but also the ability to cope with disturbances [92]. Older adults show less adaptability
to rigid trunk rotation than younger people, who have flexible trunk movements and respond well to external pertur-
bations [89]. As a result, older adults tend to reduce the freedom of various parts of the body while walking to maintain
dynamic balance and prevent falls [93]. This indicates that the stride and stability of NW largely depend on pelvic
rotational motion. It can be said that the decrease in the amplitude of pelvic rotation not only reduces the stride but
also reduces stability, thus reducing the ability to combat disturbances. Additionally, the pelvic rotation in NW causes
the reverse rotation in the upper and lower trunk and the body's decline to the side of the swing leg during the mid-
to-terminal swing. Consequently, swinging arms is necessary to maintain balance. During NW, the pelvis rotates at
each step to generate body angular momentum around the longitudinal axis, while the arms swing in the opposite
direction of the lower limb movement to balance the body angular momentum [94]. Specifically, the main function
of arm swing is not only to balance the rotational force in the trunk [95] but also to counterbalance the contralateral
leg and pelvic movement [96]. Although the arm swings during NW do not seem to require muscle effort, their swings
are caused by the combination of muscle activity and gravity [71]. This means that arm swings are not passive but
driven by muscle activity [97]. Muscular activity keeps the swing between the legs and arms out of sync [98]. From
this point of view, arm swings are crucial for maintaining balance during NW. The research shows that the most
important factor affecting the maximum speed of the dominant arm in NW is gait speed [96]. The arm swings increase
as the transverse rotation of the pelvis increases [96]. However, studies have shown that gait speed and maximum
arm swing speed decrease with age in older adults [96]. That is to say, a decline in muscle strength and gait speed in
older adults lead to a decrease in pelvic rotation and stride and a relative decrease in trunk rotation, resulting in a
decrease in arm swing speed. However, arm swing remains an essential element in maintaining balance during NW.
Therefore, the decrease in the arm swing speed of older adults has an impact on the balance of the trunk, the contra-
lateral foot, and the pelvic movement.

In the SW, pelvic rotation occurs only during the COMT period, and the trunk remains in a vertical position and
rotates synchronously with the pelvis [72]. This prevents instability caused by the inclination of the trunk and the
reversal of rotation between the upper and lower trunks. In SFL, the pelvis does not rotate, so the activity of the
dangling leg is mainly related to the movement of the hip. During the dangle phase, the COM is located within the
BOS of the support leg and the pelvis and trunk are facing ahead [72], making the swing leg controllable and the
body stable. The physiological extension of the swing leg is achieved through pelvic tilting and hip relaxation [72].
As a result, stride and gait stability are not affected by the pelvic rotation and the swing leg movement, and body
balance does not need to be maintained by arm swings. The arms swing only slightly due to inertia [72].

1.4 Lateral tilting

During NW, the interference of lateral tilt with balance is obvious. The peak of pelvic obliquity occurs exactly after
the foot-off, corresponding to an early single stance [59]. Once the swing begins, the COM can be seen moving
forward along the medial border of the foot [55]. Throughout the entire swing period, the body's COM is always
placed outside the BOS of the support leg. This is true throughout the walk (except during the short double support
period) [55]. As a result, the pelvis drops downward in the coronal plane on the opposite side of the weight-bearing
limb [99], thus causing the body to tend to fall laterally. Consequently, the movement of the pelvis in the mediolateral
(ML) direction is important to control lateral movement during walking, and the acceleration changes in this direction
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are mainly controlled by the bilateral hip joints [100]. Specifically, it is controlled by the hip abductor muscle [55].
At all stages of standing and walking, the key importance of hip abductors in balance is now obvious [55]. Especially,
in recent literature, the importance of hip abductor muscle strength in maintaining mediolateral balance control is
further highlighted [101-103]. This suggests that the weakening of the hip abductor muscle directly affects the medi-
olateral balance.

The speed at which gait initiates also affects lateral balance. Researchers have studied the effect of the speed of
progression on mediolateral stability control in the gait initiation (GI), i.e., the COM's lateral fall toward the swing
leg increases at high speeds compared to low and normal speeds [104]. The lateral balance of older adults during
walking also varies depending on walking speed [100]. Studies have shown that older adults have a lateral instability
associated with the risk of falling [105].

Furthermore, following the swing foot off, the main mechanism to restore stability in the frontal plane is the place-
ment of the foot [106-108]. Only by safely placing the swing foot can a fall be avoided at each step [55]. Healthy
young people can adjust the mediolateral foot placement well to maintain constant mediolateral stability at GI [109].
In older adults, the range of motion of the lower limb is often very small, and walking usually involves a limited
range of motion of the lower limb joints [110, 111]. Balance loss in older adults is usually caused by muscle loss and
weakness [112] and the inability to move the feet to an appropriate BOS position [101, 113]. Lateral stability depends
on lateral control of the trunk and lateral placement of the feet [114]. In older adults, swaying the trunk from side to
side may also interfere with lateral balance. Improper perception of trunk spatial orientation in older adults leads to
incorrect foot position placement during walking, and inadequate stability in the frontal plane, resulting in a higher
risk of falls [115]. Older adults who are prone to falls have a larger lateral displacement of the body's COM and more
irregular lateral foot placement than normal people [116]. This means that the required lateral foot position increases,
which requires the contraction of the hip abductor muscle in the swing leg to produce an abduction movement. There-
fore, if the hip abductor muscle capacity decreases, the movement of the swing leg may be limited. Additionally, due
to the decrease in swing time during walking in older adults, foot contact may occur before the swing leg reaches a
suitable foot position. Normally, shortly after the heel strike, the trunk makes the greatest tilt toward the stance limb
[117]. At this point, due to the COM located outside the BOS, insufficient lateral displacement and excessive lateral
velocity may easily cause lateral imbalance or even a fall. The study has reported that ML dynamic stability is reduced
in older adults [118].

Furthermore, with age, there is an isolated and sustained decrease in hip extension during walking, but the decrease
is greater in older fallers than in older non-fallers [119]. During the initial contact at the terminal swing in NW, the
hip of the hind leg needs to be extended at the same time. Therefore, a reduction in the extension of the hip can affect
contact time, forefoot position, and gait.

During SW, as the COM is located at the BOS of the support leg and the trunk remains upright, the body does not
tilt laterally [72]. Since the lateral displacement of the body occurs in the COMT during the DFL [72], the body
remains stable during the forward and lateral movements of the COM in the horizontal plane. The relatively large
pelvic obliquity significantly reduces the lateral distance between the swing foot and the support leg, thereby reducing
the involvement of the hip abductor muscle. This allows the swing leg to land without interference and maintains a
small lateral stride, saving energy while maintaining balance. Due to the slight flexion posture of the hip during SW,
problems caused by reduced hip extension are avoided.

2. Reduction of Fall Risk During Gait Initiation and Termination

During NW, the dynamic processes of gait initiation and gait termination (GT) are complex, as the body is usually
required to accelerate and decelerate, respectively, in a limited time [120]. Therefore, the skills required to maintain
stability, weight transfer, foot clearance, and so on are more important in these transition stages than in steady-state
conditions [121, 122]. GI and GT also pose challenges to the center of pressure (COP) and COM controls [123, 124].
Falls in older adults often occur during transitional movements, such as the GI and GT, and changes in direction [125,
126]. These requirements become even more important in older adults who have inherent difficulties with postural
stability and gait [127, 128]. The transitional movement causes difficulties for older adults and disabled people [129,
130]. Among all these tasks, balance is challenged when transitioning from one static or dynamic stable motion mode
to another [124]. From this, it can be seen that there are also significant stability problems with the GI and GT in the
NW. The difficulty of completing it is greater than stepping and poses a great risk of falling for older adults with
physiological degradation. Similarly, solving this problem also requires starting with gait and posture, while
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attempting to avoid the shortcomings of the physiological aspects of older adults. Adopting the SW mode can also
effectively get rid of the problems caused by the GI and GT in NW. For older adults with physical problems, the
difficulty of walking and the risk of falling are also greatly reduced with SW.

2.1 Gait initiation

The transitional movement from upright standing to stepping or walking is a common motion task [131]. This tran-
sitional movement, commonly known as GI, involves composite and synergistic neuromuscular control and coordi-
nation [132, 133]. The GI demands the neuromuscular system more than steady-state walking due to the complex
integration of neural mechanisms, muscle activity, and the required biomechanical force [134]. GI is a transitional
state between quiet standing (QS) and steady-state gait, which healthy people can easily pass through [135]. But it is
also a task to that challenges the balance control system [134, 136]. Both aging and disease cause changes in the
nervous system, muscular system, skeleton, and other systems of the body, affecting balance control [136]. This may
affect the activity and stability of the GI in older adults. In NW, the movement begins with leaning forward [73]. This
leaning forward indicates a forward and downward trend of the COM, which activates the movement of walking [72].
This initiation, with the trunk leaning forward, is similar to a controlled fall [137]. Due to the large weight of the
trunk relative to the entire body [55], controlling the tilt of the trunk at the GI seems challenging [138]. The Gl is first
achieved by lowering the body's COM, while the lower limb repositions under the body to establish a new BOS to
prevent the actual fall [139]. Studies have found that it is difficult for older adults to decelerate the COM downward
speed [140]. That is, it is difficult for older adults to perform active vertical braking, which can lead to postural
instability [109]. This is particularly true for older adults [136], who typically exhibit atypical trunk postures [141]
and have a high risk of falling at the GI [142].

In addition, indicators of balance and postural control are often presented as COP [143]. The force produced by
COP displacement is less in the anteroposterior (AP) and mediolateral (ML) directions in older adults [123, 142, 144,
145]. Reduced COP sway in the AP or ML direction may indicate either instability or the use of another form of
postural control, which may generate inefficient momentum for the GI [144, 146]. The COP is required to precisely
control the COM during the transition between the relatively stable quasi-static double support and the challenging
and dynamic single support [123, 136, 147-149]. This control relies on the integrity of sensory and motor functions
in the lower limbs and trunk [124, 150, 151]. In the sagittal plane, the COP at the GI, or the origin of the GRF vector,
is controlled by the interaction of antagonistic muscles at the ankle [152-154]. The forward progression of COP at
the stance foot is controlled by the plantar-flexor activity of the stance limb ankle [147]. Therefore, during GI, lower
limb muscle activity plays an important role in controlling the displacement trajectories of COM and COP [131].
Normal GI is characterized by COM and COP displacement caused by consistent patterns of lower limb muscle
activity [131]. There is no doubt that the decreased strength of lower limb muscles and plantar flexors in older adults
is extremely unfavorable to the control of COP and COM.

The GI of SW is different from that of NW. At the GI during SW, the COM is located in the BOS of the support
leg, the trunk remains upright, and the body does not tilt forward or laterally when swinging a leg. A significant pelvic
obliquity and hip muscle relaxation create a physiologic extension of the swing leg, making it easy to achieve a foot
landing while maintaining an upright trunk. The COM does not move during the dangle phase. Therefore, there is
almost no displacement of COP in the AP and ML directions, and both COP and COM are within BOS. The charac-
teristics of SW effectively avoid the problem of over-reliance on lower limb muscles at the GI during NW. The use
of SW can not only reduce the difficulty of GI but also improve stability.

2.2 Gait termination

GT is a common transitional movement in daily life [147, 155, 156], which poses a huge challenge to the body as the
nervous system must effectively transition the body from a dynamic state to a static state [157]. GT is achieved by a
series of postural adjustments to control the body's forward movement and dissipate all KE generated by walking
motion [156]. This means that GT is closely related to posture. Compared to stepping, GT requires greater control of
postural stability and complex integration and collaboration of the neuromuscular system [158]. GT involves complex
sensory, vestibular, and proprioceptive integration [124]. As a result, problems may arise when older adults, including
those with disabilities or neurological conditions, attempt to terminate their gait [55, 159]. The GT process from
dynamic walking to static standing is characterized by an increase in the front foot brake force and a decrease in the
back foot push-off at the last step [160, 161]. The main difference between GT and gait movement is that the propul-
sive phase is less [124, 155]. Compared to normal gait, the braking force during GT increases in the final support
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phase, making it difficult for older adults to maintain stability due to their relatively low muscle strength [162, 163].
Undoubtedly, GT is a significant stability challenge for older adults, including those with balance disorders, especially
in the case of unplanned gait termination (UGT) [124]. In the event of an unexpected attempt to terminate the gait,
the last step's walking speed will decrease by about 90% [163], which results in a significant change in position,
causing older adults to lose balance and even fall [164].

In addition, to avoid colliding with unexpected obstacles while walking, a person must stop moving or change
direction, both of which require reducing the momentum of the forward movement of the COM and controlling it
within the BOS in the body [165]. Sudden changes in COM reduce stability and may lead to falls [149, 166]. These
changes require rapid deceleration of the COM in unexpected situations, thus increasing the risk of falls and other
injuries [167]. To avoid unexpected falls or collisions, knee joints can be used to quickly stop the body to improve
body control, which is achieved through the active movement of the knee extensor to increase the knee extension
torque [165]. However, the knee stretching torque of older adults is lower due to aging [163, 168]. Moreover, the
plantar flexion torque of the ankle helps support the body [169]. However, the decline of the plantar flexor in older
adults also weakens this function.

During NW, there are three main ways of GT: 1) reducing the acceleration of the body's COM through the syner-
gistic effect of the hind leg flexors and 2) increasing the deceleration of the whole body's COM through the synergistic
action of the forelimb extensor muscles [155, 156], as well as 3) transferring energy or momentum through a toe raise
[155] or transferring momentum to another motion plane [159]. No matter what method is used to achieve GT, muscle
synergy is required. The decrease in lower limb muscle strength in older adults is not conducive to fulfilling such
tasks. Due to the decrease in muscle strength of the lower limbs with age, older adults may experience falls when
performing very simple actions and are more likely to lose balance when changing positions [124]. This indicates
that the decrease in lower limb muscle strength is closely related to falls [165]. Studies have shown a high rate of
falls during GT in older adults as well as in several neurological disorders [170, 171]. Together, these age-induced
muscle weaknesses make GT a significant risk factor for older adults.

In response to the above-mentioned problems, by adopting unique postures and gait during the SW process, the
risk of falling is reduced, thereby effectively avoiding physiological problems in older adults. First, keeping the trunk
vertically is the most prominent feature. Active control of the body's perpendicularity in the sagittal and frontal planes
stabilizes the head containing visual and vestibular sensory references [172]. The regulatory "center point" of vestib-
ular system activity is based on the vertically upright posture of the body [173]. In cases where older adults often
exhibit muscle weakness and reduced capacity to organize muscle strength, maintaining a vertical trunk may improve
balance and reduce falls [172]. Secondly, the GT process during SW is also based on the smooth transition of the
COM during the COMT period. The change in COM velocity depends on the push force of the hindfoot in the initial
COMT, but this has no direct effect on the stability of the body. Thirdly, since GT does not involve front foot brake
or rear foot propulsion, it is also less dependent on lower muscles than NW. Compared with NW, both PGT and UGT
are relatively controllable.

3. Conclusion

In NW, the problems existing in progressing forward, leaning forward, pelvic rotation, and lateral tilting during step-
ping cause gait movement problems, while the problems existing in the activities during the GI and GT bring the risk
of falls to the gait. These factors make walking more difficult, especially in older adults who already have declining
physiological function and increase the risk of falling. Therefore, the solution to the problem of fall prevention is to
reduce the difficulty of walking and improve body stability, thereby reducing the risk of imbalance and falling. The
SW pattern can effectively avoid the problems existing in the NW and reduce the difficulty of walking. This reduces
the risk of relying on an impaired neuromuscular system, balance, and muscle strength for gait stability and the
improved walking stability with SW offers a fundamental improvement in fall prevention in older adults.
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