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Abstract
Most balance training regimens for elderly individuals focus on self-controlled exercises, although automatic postural responses after a balance perturbation are not under direct volitional control. We critically review the literature on this topic, and notice that several studies fail to comply with basic principles of training and therefore show little improvement in function. Some present the view that physical function in the too frail and too fit cannot be improved, which we instead argue would be the effect of nonspecific training programs. We propose a concept for balance training that incorporates voluntary exercises as well as perturbation and dual-task exercises to improve balance control. The program is performed on five different levels where levels 1–4 exercises focus on the skill to maintain balance and level 5 adds perturbation exercises that focus on the skill to recover balance as well as dual task exercises providing a cognitive load during execution of a balance motor task. Functional requirements for muscle strength and power are directly incorporated into the program. The feasibility of the concept has been demonstrated on elderly fallers. A randomized control trial is underway to investigate the effects on healthy elderly individuals. Further intervention studies using this concept are encouraged.
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Background
Balance control is a foundation of our ability to move and function independently. A deterioration of balance function, as a consequence of disease or simply increasing age, will increase the occurrence of clinical balance problems as well as the risk of balance loss and falls. Falls are the leading cause of accidental death in the elderly population with more than 11,000 deaths as a result of falls each year [73] and hip fractures being the leading fall-related injury that causes prolonged hospitalization [69]. Hip fracture survivors experience a 10 to 15% decrease in life expectancy and a significant decline in overall quality of life [40]. Early ambulation after hip fracture, however, has been shown to be directly predictive of extended survival [36] indicating the importance of effective rehabilitation techniques that target balance function and early mobility. Unfortunately, a common view in the literature, as stated in a recent review study [78], is that physical function in individuals who are either “too frail” or “too fit” cannot be improved with training implying that rehabilitation for some patients as well as preventive training of healthy individuals would be futile. A contrary interpretation would be that a number of studies, aiming to improve function, have not complied with basic principles of physical training and exercise by assuming that strength training per se improves balance function. This is a view that is supported in a Cochrane Review by Latham et al. [41] of 62 randomized control trials including a total of 3,674 subjects showing no statistically significant effects of progressive strength training in elderly subjects on objective clinical measures of balance function (Berg Balance Score, Timed Up and Go, and Timed position holding), or on physical disability measures [41]. Additional support for the view that strength training does not improve balance function on its own is provided in a recent Cochrane Review by Gillespie et al. [25] showing that successful interventions designed to reduce the incidence of falls in elderly individuals have been multidisciplinary/multifactorial and have incorporated muscle strengthening and balance training. Tai Chi as a balance intervention has been studied quite extensively ever since the now classical work by Wolf et al. suggested that Tai Chi training decreased the fear of falling, although it had little effect on computerized sway measures [82]. More recent studies have confirmed beneficial effects of Tai Chi participation on balance function including reduction in fear of falling [74] as well as physical function and actual falls [47, 83]. However, results of Tai Chi training is commonly compared to untrained controls, simple stretching routines, wellness education programs, or nonspecific and nonfunctional balance interventions making it difficult to really assess whether Tai Chi is any better than a well-designed balance specific and functionally focused training regimen [46]. Furthermore, there is often a “spiritual magical aura” surrounding Tai Chi that subjects may or may not appreciate. Consequently, as pointed out by Li et al. [46], “This calls for controlled and systematic evaluation of the characteristics of movement kinematics, kinetics, and neuromuscular activity in Tai Chi and the need for better understanding of the integration of muscular, skeletal, and neural functioning and their interplay in the execution of Tai Chi movements.” Such studies should put Tai Chi in the context of known principles of training reflecting physiological as well as psychological concepts that therapists can apply in the design of individually customized exercise regimens.
Although the benefits of exercise with respect to general health, strength, and fitness as well as quality of life have been documented in the literature for decades, physical exercise as a technique in rehabilitation or as a measure to prevent injury is not always implemented correctly. Some published studies targeting balance training, particularly in the elderly population, have not fully complied with basic principles of training used in exercise prescription. Principles of physical training and exercise prescription include, e.g., awareness, continuity, motivation, overload, periodicity, progression, and specificity. These important concepts are well established and accepted in the exercise physiology literature (e.g., [1, 2, 27, 72, 79]), and any successful athlete must abide and live by these rules to maintain and/or improve function and performance. However, these fundamental principles of successful exercise prescription apply to anyone regardless of age, sex, or level of fitness [68], even patients. Thus, an exercise intervention targeting a certain function must provide a challenge/overload to the system and be progressive as well as specific to this function. Otherwise, a training effect should not be expected. As recognized by Welsch et al. [81], the basic principles of prescribing exercise are also appropriate for persons with disease. The difference is the manner in which these principles are applied [81].
Although some studies have investigated the effect of exercise on balance impairment in the elderly, the training principles behind these programs are sometimes unclear. For example, a recent study of fall prevention performed training only in sitting assuming effects would transfer to standing. Because of the lack of specificity in this model, it is not very surprising that no effects of the intervention were found [55]. Other studies have had similar problems (e.g., [31, 32]), and few have realized the importance of perturbation exercises for improving balance function. Hu and Woollacott [33, 34], however, used a multisensory training model specific to balance function and the interaction between visual, vestibular, and somatosensory systems and found specific improvements in balance function after a short training period (cf. [29, 35, 84]). More recently, there have been well-designed studies that include dual-task conditions as well as perturbations [71, 76, 77] or that utilize a custom designed program for each patient [3], which by definition would improve specificity of the intervention as well as the effect of the intervention.
A common misconception appears to be that strength or even cardiovascular training per se should improve balance function (e.g., [10, 11, 31, 32, 62, 75, 80]). There is undoubtedly a documented relationship between falls and muscle strength in the elderly (e.g., [9]). However, results are controversial, and other studies show minimal or even no differences in strength between fallers and nonfallers [15]. Although several studies have demonstrated improvements in balance function after strength training, it is usually related to tasks where muscle strength is a dominant and obvious component of the task (e.g., sit to stand, [38, 70], rapid backward walking [62]). In fact, balance improvement related to strength training appears to occur primarily in subjects with severely compromised strength and muscle function (e.g., [11, 20, 57]). In addition, several well-designed studies have not found an interaction between balance and strength (e.g., [35, 84, 85]). This illustrates the importance of an accurate definition of muscle strength and balance function. In the context of the current paper, strength is defined as the capacity to produce torque around a certain joint, whereas balance is defined as a task-specific multijoint skill that relies on the interaction of several physiological sensory systems, including the neuromuscular, visual, vestibular, and somatosensory ones. To be functionally useful, strength should preferably be designed into the balance training intervention, an approach taken in the current project. In addition, to comply with basic principles of training, the design of specific and functional balance training programs for any category of subjects requires an understanding of how voluntary and postural movements interact as well as how the postural control system reacts to balance perturbations.
Voluntary movements and postural control
Because of the multilink structure of the human body, any voluntary movement by itself will impose a perturbation of posture. To compensate for this internal perturbation, our voluntary movements are preceded and accompanied by anticipatory postural adjustments. These involuntary “automatic” movements are smoothly incorporated into our movement repertoire to ensure accurate and harmonious motion [24, 66]. In fact, the activation of muscles controlling these postural adjustments precedes the activation of voluntary muscle activity as first demonstrated by Belenkii et al. [4]. The interaction between voluntary movements and anticipatory postural adjustments has since been studied extensively during different upper limb movements [6–8, 23, 44, 45, 50], leg movements [37, 58] as well as trunk movements [13, 14, 63–67]. The postural synergies triggered before the onset of voluntary movements are flexible and task specific, i.e., a certain voluntary movement may be associated with different automatic postural adjustments depending on the context of the task [26, 42, 66, 67]. The execution of a voluntary step is preceded by an anticipatory postural adjustment that shifts body weight over to the upcoming stance leg [53]. To prevent a fall, a rapid step execution is a highly important skill that appears to deteriorate with increasing age [52], in particular when tested under conditions of cognitive stress [56]. An example of anticipatory postural adjustments is shown in the upper row of Fig. 1. Note how the woman on the left in preparation of receiving the ball rolling towards her leans the upper body towards the left away from the right leg she plans to lift to stop the ball. The man on the right illustrates the lack of the ability to perform this preparatory movement. Note how he tends to fall towards the right leg when he lifts it without first shifting his weight over to the opposite leg. These postural synergies are trained through voluntary exercises, and they are the traditional target of most well-designed balance training regimes.
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Fig. 1Upper row, the individual on the left performs a normal preparatory postural adjustment to lift her leg before receiving the ball. The individual on the right lacks this preparatory postural adjustment and loses balance when lifting the leg. See text for details. Middle row, examples of level 1 (left) and level 2 exercises (right). Lower row, examples of level 3 (left) and level 4 exercises (right)




                        

Voluntary movements and external perturbations of posture
External perturbations of posture, such as a slip or a trip, trigger automatic postural responses with a delay of about 100 ms, which act to restore equilibrium. The responses are specific to the size, type, and direction of the imposed perturbation [12, 16, 30, 39, 54, 59, 61]. Minor perturbations at the feet trigger what has been termed an “ankle-strategy,” i.e., muscles around the ankle create a torque that helps regain equilibrium. Larger perturbations will trigger a “hip-strategy,” which initiates specific hip movements that help maintain balance [30]. If the subject cannot regain balance, a step will be initiated indicating that the other strategies have failed to recover equilibrium, although when required, a step strategy can be initiated immediately (e.g., [19, 54]). These responses have been studied extensively in healthy human subjects [16–18, 59, 61, 86] as well as in elderly [33, 34, 43, 50, 51] and in different patient populations [33, 34, 43, 50, 51]. Similar types of automatic responses occur after postural perturbations during locomotion [60], during sitting [22, 28] as well as in standing cats [48, 49]. These recovery strategies are not under direct volitional control, and thus, they cannot be trained through voluntary exercises alone. In spite of this, most balance training programs only include voluntarily controlled exercises. Support for a contrarian view is found in recent reports on effects from Tai Chi training suggesting shorter reflex responses after long-term (1–3 years) training [21], although such an effect was only inferred from past training.


Program design
In an attempt to address some of the aforementioned concerns, a balance training program based on a framework of principles of exercise training and postural control has been designed. The program utilizes different types of balls, including large “Balance Balls,” as tools to target sitting and standing balance control. The concept, however, can be implemented with other training tools by a skilled instructor. The program is performed on five different levels where each level reflects different demands on the postural control system. Levels 1–4 include exercises that are focused on the skill to maintain balance (voluntary control), whereas level 5 also includes perturbation exercises that focus on the skill to recover balance (automatic postural corrections). The program is described as a concept with examples to indicate the kind of exercise and the type of skills they intend to develop as well as the overall level of difficulty a certain level should represent. The program should be implemented by an instructor or therapist who, based on each individual subjects’ background and current skill/fitness level, can assess at what level a subject should begin the training program to maximize compliance and outcome and maintain safety.
Any form of physical training, either learning and perfecting a sport skill or rehabilitating after an injury or disease, is a process that incorporates both physiological and psychological factors. These factors must harmonize on an individual level for the training process to be successful. A very important role of the instructor is to monitor the progression of the training process on an individual level and to adapt the training program to optimize outcome and maximize performance. When needed, the instructor should be able to modify the execution of an exercise “on-the-fly” to customize the difficulty on an individual level. Factors that can be used to modify the demand of the task include open and closed eyes, stance width during standing and sitting, range of motion, movement speed (challenging power production), single and double leg support, bouncing on the ball, unstable support surface, etc. This process requires the interaction with an experienced therapist, instructor, or coach and/or should not be based on a “cookbook” approach to training. As in any type of training, for improvement to occur, it is crucial to maintain a progressive and specific training load. In addition, variability is important to keep subjects motivated and excited to pursue the training.
The goal of each session in the current program is to constantly challenge the postural control system with exercises that incorporate elements related to the demands of normal activities of daily living. Such elements include single leg standing, weight transfer between feet, during feet in place, and change of support area as well as different reaching and bending movements of the trunk while standing and sitting. The concept of balance or body awareness should be incorporated throughout the exercise period. For example, subjects should be encouraged to feel how they are balanced when they are sitting and standing and also focus on smooth and comfortable movements while shifting their weight. Instructing them to focus on where they feel pressure under their feet, how it moves, and where body parts are located with respect to each other as well as the feet are important aspects of the training. Such visualization of balance may be most efficient when the subjects have no visual feedback, i.e., closed eyes. Thus, in addition to providing an increased level of balance challenge, visual occlusion allows the subject to focus on better feeling how they are balanced, thus enhancing the experience and interpretation of somatosensory and vestibular balance cues. Exercises can also be modified to include components more specific for vestibular and vestibulo-occular function. For example, subjects can be instructed to move their head while they are sitting and bouncing on the ball. Head movements can be pitch, yaw, or roll. During head movements, subjects can be instructed to focus on specific objects and even read text out loud to further enhance attention to the task. In addition, it is also important to promote skill awareness among the subjects. This simply means that subjects should be encouraged to understand the goal of an exercise with respect to balance control and to relate this goal to their personal skill level. Eventually, some subjects may be able to “coach” themselves and continue training on their own.
The number of subjects that can be safely managed by one instructor depends on the skill level of the subjects as well as the difficulty of the exercises performed. Some exercises are by design challenging for balance, and in case a fall occurs, proper support and assistance from an instructor must be instantly available to eliminate risk of injury. It should be noted, however, that up to the point of balance loss, provided external support by the instructor should be avoided to allow the natural balance response to fully execute. Providing support “too early” may alter the response and decrease or alter the learning effect. It is important that the subject, when performing such challenging exercises, feels completely safe so that their confidence steadily builds during the training process. Examples of correctly provided support during challenging exercises are provided in Fig. 2. In a group setting for healthy elderly individuals, we have managed 10–12 individuals with one main instructor and one supporting instructor. Highly frail and/or unbalanced individuals will require one-on-one interaction for safe execution of challenging exercises. However, small groups of 2–4 individuals can be managed by one instructor once level 1–2 exercises can be safely performed, allowing the instructor to move around the group and assist one subject at a time to perform more challenging exercises.
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Fig. 2Upper row, examples of partner exercises that incorporate elements from level 5 where the subjects must negotiate expected and unexpected external perturbations of posture. Note that the subject is out of balance and in the process of executing a step in the third picture. Middle and lower rows, individual level 5 exercise involving walking on an unstable surface. Note how the two individuals lose and recover balance. Furthermore, note the instructor’s attention and readiness level, and that external support is only provided if necessary




                     
Each session should include an initial warm-up and stretch period and some strengthening/conditioning exercises as well as a cool down and relax period at the end where the instructor may reemphasize some of the important aspects of the session, especially with respect to body and skill awareness. The use of relaxing music or soothing sounds can be used to create a good ambient atmosphere during the session.
Examples of exercises at each level
Level 1: sitting and standing exercises with external support
Exercises on this level may represent little challenge to the postural control system. The goal of the training at this level is mainly directed towards a cognitive understanding of the exercises and an improvement of self-confidence for exercises on higher levels. These exercises can also be used as safe “rest” after more difficult bouts of exercise. Some general effects on strength, coordination, and conditioning are expected. Everyone should progress through this level as soon as possible. However, elements from exercises at this level will be included also on the other levels. An example of a level 1 exercise is shown in Fig. 1, left middle row. Additional examples are provided below. 
1.Sit on ball, wide stance, with support with one hand from the wall or a fixed object. Repeat with narrow stance and support.

 

2.Sit on ball, wide stance, with support, and shift weight left and right as far as possible. Repeat with narrow stance.

 

3.Sit on ball and rotate trunk left and right as far as possible, with support.

 

4.Sit on ball, wide stance, with support, and lift one foot at a time. Repeat in narrow stance.

 



                           

Level 2: sitting exercises without external support
The training on this level mainly addresses balance of the upper body during sitting, and it will challenge postural control in a predictable and controlled manner through voluntary movements. Exercises are similar to level 1 but without external support (cf. Fig. 1, middle row right). For the purpose of activating relevant associated postural adjustments, which are the target of the training at this level, it is more beneficial to execute an exercise slowly with small amplitude rather than using external support because this will completely change the set of muscles that are recruited for balance control during the task. Thus, to progress to this level, the participants must perform exercises with no external support. Depending on the skill of the subject, these exercises can also be used as safe “rest” after more challenging bouts of exercise.

Level 3: standing exercises including double leg stance and no external support
Exercises on this level incorporate specific components that reflect balance requirements of common activities of daily living. This includes weight shifts laterally between the two feet as well as forward and backward (Fig. 1, lower row left). Assistance and support can be used in case anyone feels uncomfortable in the initial phase of the training, although when support is provided, the exercise would be at level 1. Similar to exercises at level 2, participants should be encouraged to perform exercises with no or only temporary external support. Subjects should be brought to this level of training as soon as their ability allows them to. Examples of exercises include: 
1.Wide parallel stance, roll ball in front of body from left to right with no weight shift between legs.

 

2.Wide parallel stance, roll ball in a circle around the body with no weight shift between legs. Repeat with weight shift. Repeat in narrow stance.

 



                           

Level 4: standing exercises including single leg stance, gait, and no external support
Exercises on this level are similar to level 3; however, they incorporate single leg support, an important component of functional independent ambulation (Fig. 1, lower row right). This level will also include walking exercises with turns and rotations as well as lateral and forward/backward walking. Assistance and support may be used in case anyone feels uncomfortable in the initial phase of the training. Examples of exercises include: 
1.Step stance, roll ball straight forward and then back, lift rear leg when forward, and vice versa.

 

2.Multidirectional lunges: Step with right foot forward, yield slowly, and push back distinctly up to parallel stance. Repeat for right 45, 90, 135, and 180°. Keep ball on left side for support if needed. Repeat with left foot and ball on right side. To further challenge power production, a more demanding version of the same task can be performed with a faster rebound and no yield.

 



                           

Level 5: perturbation exercises, reactive and proactive responses
Exercises on this level include different forms of external perturbations, expected as well as unexpected ones that require a proactive or reactive response by the subject. Perturbations requiring a proactive response by the subject may be applied during different forms of partner or group exercises through the exchange of objects such as different size and weight balls that may be rolling on the floor or handed over by another participant (Fig. 2, top row left). Exercises incorporating both reactive and proactive responses include, e.g., two participants standing back to back supporting a ball between them (Fig. 2, top row right). In addition, the instructor or a partner could also apply unexpected external perturbations that require a reactive response. Participants may also be exposed to exercises where they will be encouraged to resist a balance perturbation and avoid stepping, or to execute one or several steps as quickly as possible (Fig. 2, top row middle pictures). A rapid step execution is a very important protective reaction when balance is lost [56]. It is important to note that these exercises should be customized to each subject’s ability. They should be challenging but never dangerous thus building self-confidence and skill. However, note that subjects should temporarily lose their balance when exercising at this level (cf. Fig. 2, middle and lower rows). This is required to trigger the postural responses that are the target of the training. An additional form of exercise on this level incorporates cognitive stress and specific requirements for attention while performing a motor task, commonly walking. For example, subjects may be walking and reading a text out loud (one at a time or everyone at the same time). At the same time, they must pay attention to commands provided randomly by the instructor to, for example, stop, take a step in a certain direction, etc. They may also receive a light push by the instructor simulating an external balance perturbation that they must react to.
Examples of level 5 exercises include: 
1.Exercises from level 2 with perturbations provided by the instructor or a partner.

 

2.Sit and bounce on ball, get up to standing after bounce, and get up and walk after bounce.

 

3.Resist light push at trunk or hip level and keep feet in place (center of mass perturbation). Repeat with step execution, one step or several small ones. Emphasize rapid response (Fig. 2, top row middle pictures).

 

4.Walk across unstable surface (base of support perturbation; Fig. 2, lower two rows).

 



                           



Conclusion
The feasibility of this training concept has been tested in a pilot study on a group of elderly fallers [5]. Early results indicate improvements in functional status as well as postural control variables [5]. Compliance to the exercise program is excellent and participants have reported that they feel safe while performing the program and that the exercises are challenging. All subjects have stated that they would recommend the program to friends and family. Participants also reported that the training sessions provided a good group dynamic atmosphere favorable to socialization. A randomized controlled trial has been conducted to investigate effects of the proposed training program on gait and balance function in healthy elderly individuals. We believe the proposed training technique merits additional study in future clinical intervention trials.
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