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each page (except for the first page of each chapter).

toc






Abstract

Background

The contribution of exercise to physical and psychosocial health is beyond dispute. Espe-
cially individuals with chronic diseases, such as multiple sclerosis (MS), have much to gain
from being physically active. MS predominantly occurs during young adulthood. Dependent
on disease activity, it leads to a gradual decline of mobility, social participation, and quality
of life. A long-term perspective is essential for effective MS management.

Research interest

Pharmacological treatment primarily relies on early intervention to counter disease activity.
To detect functional impairment as early as possible, the development of assessment tools is
necessary. Further strategies to impede or even restore functional damage are scarce. Only
recently, exercise has been recognised as an essential part of MS management. Despite
substantial evidence in support of physical activity, specific recommendations on choice and
dose of available exercise programs are lacking. There are strong arguments in favour of Tai
Chi, a Chinese martial art, to meet the specific needs of this target population. Particularly
the principle of mindfulness, which is entangled with the concept of Tai Chi, could be a
valuable asset in coping with MS.

Strategies

We evaluated dynamic characteristics of walking behaviour, comparing 37 persons with MS
to 25 healthy controls. To describe the change of speed in walking behaviour, we ana-
lysed its approximation to three different velocity profiles in two time-framed walking tests. In
sum, the observed differences varied depending on test duration (6 versus 12 minutes), dis-
ease severity (mild versus moderate disability level) and observed parameter (mean walking
speed versus temporal change of walking speed). Our findings indicate an early influence
of MS on walking behaviour. We present the linear decline of walking speed as a new, clin-
ically relevant feature of walking ability in persons with MS. The decline in walking speed
is particularly suitable to assess walking behaviour with regard to fatigue, because it better
reflects the individual’'s subjective constraints than the commonly assessed parameter mean
walking speed.

We analysed both the concept of Tai Chi and research on Tai Chi with special regard to
methodology. The concept of Tai Chi is highly pluralistic. Scientific research on Tai Chi is
just as manifold. Such divergent investigation makes it difficult to collect convergent evi-
dence. The complexity within this field should receive more attention. Tai Chi is a complex
intervention that requires an elaborate and well-designed scientific approach. A first step
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into this direction is to improve the quality of reporting and standardisation. In addition, the
inclusion of high quality qualitative research should be pushed forward.

We devised a standardised Tai Chi program and analysed its therapeutic value for persons
with MS. We evaluated the program within a 6-month intervention, comparing a Tai Chi group
(n = 15) to a group that received treatment as usual (n = 17). We found a consistent pattern
of beneficial effects on the following parameters: balance, coordination, fatigue, depression,
and life satisfaction.

Conclusion

Dynamic characteristics of walking behaviour could support improved monitoring of mobility
in MS. Tai Chi is a promising opportunity for persons with MS to engage in long-term physical
activity and foster both physical and psychosocial resources.

Keywords: multiple sclerosis, physical activity, exercise, mobility, walking test, complex
intervention, research methodology, Tai Chi, mindfulness
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Zusammenfassung

Hintergrund

Die Bedeutung koérperlicher Aktivitat fiir die physische und psychosoziale Gesundheit steht
auB3er Frage. Insbesondere die Betroffenen chronischer Erkrankungen wie Multipler Sklerose
(MS) kénnen von korperlicher Aktivitat profitieren. MS tritt vor allem im jungen Erwachse-
nenalter auf und fihrt — abhangig von der Kranheitsaktivitat — zu einer allméahlich fortschei-
tenden Einschrankung von Mobilitat, sozialer Teilhabe und Lebensqualitat. Eine langfristig
vorausschauende Perspektive ist unerlasslich, um eine effektive Behandlung zu gewahrleis-
ten.

Forschungsinteresse

Der Erfolg einer medikamentésen Behandlung hangt vor allem davon ab, wie schnell auf
einen Krankheitsschub reagiert werden kann. Um funktionelle Beeintrachtigungen frihzeitig
zu erfassen, ist es notwendig, geeignete Messverfahren zu entwickeln. Neben einer medi-
kamentésen Therapie gibt es aktuell keine wirksamen Strategien, um das Fortscheiten der
Erkrankung aufzuhalten oder sogar riickgangig zu machen. Erst vor kurzer Zeit wurde kor-
perliche Aktivitat als ein essentielles Element in der Behandlung von MS erkannt. Wahrend
die aktuelle Studienlage den Wert kdrperlicher Aktivitat fir MS Betroffene eindeutig hervor-
hebt, fehlt es an genauen Empfehlungen zur Auswahl und Anwendung verfligbarer Bewe-
gungsprogramme und Sportarten. Es gibt klare Argumente daftir, dass Tai Chi, eine chine-
sische Kampfkunst, sich sehr gut flr die speziellen Bedirfnisse dieser Zielgruppe eignet.
Vor allem das Prinzip der Achtsamkeit, das mit Tai Chi untrennbar verbunden ist, kénnte fir
die Therapie von MS bedeutsam sein und sich als besonders hilfreich erweisen.

Strategien

Wir untersuchten dynamische Kenngréf3en im Gehverhalten 37 MS Betroffenener und 25
gesunder Kontrollpersonen. Um die Geschwindigkeitsveranderung im Gehverhalten zu be-
schreiben, untersuchten wir deren Annaherung an drei verschiedene Geschwindigkeits-
profile wahrend zweier Gehtests mit Zeitlimitierung. Die Auspragung der Gruppenunter-
schiede variierte in Abhangigkeit der Testdauer (6 Minuten gegentber 12 Minuten), des
Behinderungsgrades (geringfligig gegeniber moderat) und der beobachteten Kenngré3en
(mittlere Gehgeschwindigkeit gegenlber Verlangsamung der Gehgeschwindigkeit). An un-
seren Ergebnissen lasst sich ablesen, dass sich MS friihzeitig auf die Gehfahigkeit der
Betroffenen auswirkt. Wir schlagen den linearen Abfall der Gehgeschwindigkeit als einen
neuen, klinisch relevanten Parameter vor, um die Gehfahigkeit MS Betroffener zu erfassen.
Der lineare Trend eignet sich insbesondere, um das Gehverhalten im Hinblick auf Fatigue zu
untersuchen, da dieser Parameter das subjektive Empfinden MS Betroffener besser wider-
spiegelt als die Ublicherweise gemessene mittlere Gehgeschwindigkeit.
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X Abstract

Wir analysierten das Konzept, das sich hinter dem Namen Tai Chi verbirgt, sowie die Art und
Weise, wie Tai Chi bisher wissenschaftlich untersucht wurde. Dabei fand die Forschungs-
methodik eine besondere Berucksichtigung. Das Konzept Tai Chi ist Gberaus vielféltig. Ana-
log dazu hat sich die Forschung Uber Tai Chi in viele verschiedene Richtungen verzweigt.
Eine solch divergente Herangehensweise erschwert die Zusammenfihrung und Interpre-
tation der gewonnenen Ergebnisse. Es ist notwendig, der Komplexitat in diesem Gebiet
mehr Aufmerksamkeit zu schenken. Tai Chi als Intervention ist sehr komplex. Dies erfordert
eine ausgekligelte und durchdachte wissenschaftliche Strategie. Der erste Schritt in diese
Richtung ist eine bessere Berichterstattung und Standardisierung. Zusatzlich sollten gezielt
qualitative Forschungsmethoden starker mit einbezogen werden.

Wir entwickelten ein standardisiertes Tai Chi Programm und untersuchten dessen thera-
peutischen Wert fir MS Betroffene. Dazu evaluierten wir das Programm im Rahmen einer
6-monatigen Intervention und verglichen die Tai Chi Gruppe (n = 15) mit einer Kontrollgruppe
(n = 17), die ihre Ubliche Behandlung beibehielt. Unsere Analyse ergab ein einheitliches
Muster positiver Effekte in den folgenen Variablen: Gleichgewicht, Koordination, Fatigue,
Depression und Lebenszufriedenheit.

Schlussfolgerung

Die Untersuchung der Gehféhigkeit von MS Betroffenen sollte dynamische Kenngré3en des
Gehverhaltens berlcksichtigen. Tai Chi ist eine vielversprechende Méglichkeit fir MS Be-
troffene, sich langfristig kérperlich zu betatigen und ihre physischen und psychosozialen
Ressourcen zu stérken.

Schliisselwoérter: Multiple Sklerose, kérperliche Aktivitat, Bewegung, Sport, Gehtest, Geh-
fahigkeit, komplexe Intervention, Tai Chi, Achtsamkeit
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1 Background

In the first section of this chapter (1.1), we introduce MS as a disease with many faces but
without cure. While the knowledge on pathological mechanisms and treatment strategies
has been growing, there is still a need for innovative strategies to complement MS therapy.
We provide an overview on the state of the art research, focusing on the importance of phys-
ical activity for persons with MS in the second section (1.2). While the effects of physical
activity tend to be beneficial, there is a lack of specific recommendations for available exer-
cise programs. On this basis, we highlight the martial art Tai Chi as a particularly suitable
type of exercise for people with MS in the third section (1.3).

1.1 What is multiple sclerosis?

Multiple sclerosis is an autoimmune disease of the central nervous system (CNS). Its main
feature are chronic inflammatory processes within the brain and spinal cord. Depending on
the severity and dissemination of affected areas, a variety of different symptoms can occur.
These processes lead to a gradual decrease in multiple functional areas. Disease onset
predominantly occurs during early adulthood, causing considerable impact on both, affected
individuals and society. Despite extensive research efforts and remarkable advances in
treatment possibilities, the cause of MS remains a mystery, its course unpredictable and a
cure has yet to be discovered. This uncertainty puts to the test the coping skills of affected
individuals and their families. Additionally, the multi-dimensional and intangible phenotype
of MS challenges scientists and healthcare providers.

1.1.1 Prevalence and socio-economic scope

About 2.1 million people are affected by MS worldwide (DelLuca & Nocentini, 2011, p. 197).
It is important to note that the estimated incidence rates differ between countries relative to
the rigour and quality of disease investigation. Medical progress (such as magnetic reso-
nance imaging (MRI) techniques) and an increased life expectancy partially contribute to a
longitudinal rise observed in MS incidence and prevalence rates.

In Europe, more than 500.000 people are estimated to live with MS (Flachenecker et al.,
2014, p. 1). With the intention of enabling systematic acquisition and analysis of data on
MS in Europe, the European Register for Multiple Sclerosis (EUReMS) project was set up
in 2010 (Flachenecker et al., 2014). The incidence of MS is highest during early adulthood,
between the ages of 20 and 40 (Kamm, Uitdehaag & Polman, 2014, p. 132). The lifetime
risk of developing MS is 2.5% in women and 1.4% in men (Kamm et al., 2014, p. 133).
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The progressive accumulation of disability along the disease course contributes to a rising
economic burden. Even within the first 5-10 years after diagnosis, the unemployment rate
of people with MS is 70-80%, (DeLuca & Nocentini, 2011, p. 203). The main reasons
for unemployment are fatigue and cognitive impairment. While about 40% of unemployed
persons with MS would like to go back to work, this is extremely difficult to accomplish
without giving up obtained disability benefits (DeLuca & Nocentini, 2011, p. 203). In 20086,
the annual health care costs per patient were estimated to range from €18.000 in mild
disability, to €62.000 in severe disability (Kobelt, Berg, Lindgren, Fredrikson & Jénsson,
2006, p. 918).

1.1.2 Aetiology, pathogenesis and pathophysiology

The aetiology of MS is unknown. Its onset seems to depend on a combination of genetic
susceptibility and environmental factors (Kamm et al., 2014, p. 133 - 134). Triggered by a
viral infection or infectious agent, the immune response initiates a chronic inflammation of
the central nervous system (Kamm et al., 2014, p. 133; Compston & Coles, 2008).

Inflammation and neurodegeneration

Briefly summarized, these inflammatory processes lead to tissue damage and neurodegen-
eration. Prior to the time of MRI techniques, the evaluation of neural tissue damage occurred
predominantly post mortem — on the basis of visible lesions of sclerotic tissue, disseminated
across the CNS (Murray, 2009, p. 4). These "plaques" constitute the core of MS pathology
(DeLuca & Nocentini, 2011, p. 199). On MR images, they appear as white spots. Upon
closer inspection, three different stages of plaque development can be differentiated: de-
myelination, axonal loss and sclerosis.

It is not clear to what extent the inflammatory and neurodegenerative processes interact with
one another. Further, it is unknown whether one precedes the other (Compston & Coles,
2008, p. 1509; Kamm et al., 2014, p. 134). These two possibilities are referred to as
outside-in model (neuronal damage is caused by an auto-immune reaction) and inside-out
model (neuronal injury causes an auto-immune reaction) (Kamm et al., 2014, p. 132 - 134).
In sum, MS pathology involves the following processes: acute and/or chronic inflammation,
demyelination, lack of myelin producing cells (oligodendrocytes), excess of sclerotic tissue
(astrocytes) as well as degeneration of axons and neurons (Frohman, Racke & Raine, 2006).
The severity and interplay of these processes significantly influences the balance between
functional impairment and functional recovery.

toc
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Figure 1: Clinical course of multiple sclerosis. The figure shows the connection and interplay between
the processes involved in MS pathology: inflammation, symptom presentation and neurodegeneration. If
disease activity does not exceed a certain degree (clinical threshold), damage can remain undetected by
the individual. However, as soon as the capacity of the CNS to compensate for damage reaches its limit,
functional disturbances in various domains occur. Along its course, MS can lead to an increasing loss of
axons, a decreasing brain volume and a progressive accumulation of disability. (This figure was reprinted
from The Lancet, Compston, A. & Coles, A. (2008). Multiple sclerosis. 372(9648), p.1508 with permission
from Elsevier.)

Functional impairment and functional recovery

On the one hand, the pathological processes cause tissue damage and functional impair-
ment that is disseminated across the CNS. In sum, the excitation, conduction, and synaptic
transmission of signals become increasingly attenuated (Compston & Coles, 2008). De-
myelination impedes saltatory conduction across affected axons. Additionally, it enables
non-synaptic transmissions of electrical impulses (ephaptic transmission) and spontaneous
depolarisation (Compston & Coles, 2008, p. 1509). Apart from this, the damage to the
axons themselves leads to a gradual disconnection and demise of the neural network.

On the other hand, there are two adaptive mechanisms working towards functional recov-
ery. Firstly, myelin producing cells counteract the pathological processes by repairing the
axons’ myelin sheath (remyelination) (Luessi, Kuhimann & Zipp, 2014). Secondly, neuro-
plasticity enables adaptive remapping of cortical representations (functional reorganization)
(Tomassini et al., 2012, p. 3). In this case, additional cortical regions that are not typically
involved in a task are activated to compensate the neuronal damage (Déring, Pfueller, Paul
& Dorr, 2012, p. 8; Tomassini et al., 2012).

Defining the course of MS

In summary, the symptomatic phenomena of MS depend on localization and severity of the
involved pathological processes (see Figure 1). In large part, early stages of MS are deter-
mined by the waxing and waning of acute inflammation and plaque activity. Later stages of
the disease are characterized by a slight but continuously expanding inflammation around
former plaques and diffuse neurodegenerative processes (Kamm et al., 2014, p. 134). This
differentiation between the sudden appearance/exacerbation of symptoms and their steady

toc
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worsening, defines the course of MS. In addition to this, the presence of acute relapses and
the extent of their remission are key criteria. A relapse is defined as an acute progression
of the disease. In this context, it is important to differentiate between real relapses and
pseudo relapses (for additional information see Frohman et al., 2013): A relapse in MS "is
a reflection of a sub-acute to acute focal inflammatory event in the CNS that has damaged
myelinated axons or neurons, which has lead to failure of neurological signalling." (Volimer,
2007, p. 9)

A pseudo relapse reflects "a change in neurological function in patients with MS due to physiological

processes other than a new inflammatory process in the CNS (e.g., fever) that lead to increased con-

duction delay and block in previously damaged white matter and that is reversible when the physiologic
stress is removed." (Vollmer, 2007, p. 6)

The disease course is variable and usually categorized according to a definition formu-
lated by Lublin and Reingold in 1996. The definition includes four main types that differ
in frequency of occurrence (DelLuca & Nocentini, 2011, p. 199; Lublin & Reingold, 1996).
Approximately 85% of new diagnoses are relapsing-remitting MS (see Figure 2). About
80% of these patients transition into secondary-progressive MS at individual time points
(see Figure 4). Primary-progressive MS is less frequent (10%) (see Figure 3). Relapsing-
progressive courses are rare (5%) (see Figure 5). In 2013, this scheme of categorization
was revised, for example to include information about the current state of disease activity
(Lublin et al., 2014).

1.1.3 Symptoms and clinical presentation

The manifestation of symptoms in MS depends on the balance between functional impair-
ment (severity of inflammation and extent of neuronal damage) and functional recovery (de-
gree of remyelination and success of cortical reorganization) (Tomassini et al., 2012). The-
oretically, a multitude of symptoms can appear depending on the localization of damage
within the CNS (Compston & Coles, 2008, p. 1503). Yet, there are MS specific patterns
regarding predominantly affected areas (DelLuca & Nocentini, 2011, p. 198).

Prevalent symptoms comprise impaired motion control (such as disturbed coordination and
balance, spasticity, paresis, ataxia, impaired ability to speak or swallow), visual impairment,
sensory dysfunction (such as pain and paraesthesia) and autonomic dysfunction (such as
bladder, bowel and sexual dysfunction) (Déring et al., 2012, p. 1). About 60 - 80% of MS
patients reported that a rise in body temperature leads to a temporary worsening of their
symptoms (Uhthoff’s Phenomenon) (Déring et al., 2012, p. 6; Frohman et al., 2013). Ac-
cording to Frohman & colleagues (2013), this phenomenon "can be triggered by factors
including the perimenstrual period, exercise, infection, fever, exposure to high ambient tem-
peratures, and psychological stress" (p. 535). In large part, the symptoms of MS manifest
in the following multi-dimensional constructs: fatigue, mobility impairment, cognitive impair-
ment, and depression.

toc
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Figure 2: "Relapsing-remitting (RR) MS is characterized by clearly defined acute attacks with full recovery (a)
or with sequelae and residual deficit upon recovery (b). Periods between disease relapses are characterized

by lack of disease progression.” (Lublin & Reingold, 1996, p. 908)
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Figure 3: "Primary progressive (PP) MS is characterized by disease showing progression of disability from
onset, without plateaus or remissions (a) or with occasional plateaus and temporary minor improvements

(b)." (Lublin & Reingold, 1996, p. 909)
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Figure 4: "Secondary progressive (SP) MS begins with an initial RR course, followed by progression of variable
rate (a) that may also include occasional relapses and minor remissions (b)." (Lublin & Reingold, 1996, p. 909)
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Figure 5: "Progressive-relapsing (PR) MS shows progression from onset but with clear acute relapses with
(a) or without (b) full recovery." (Lublin & Reingold, 1996, p. 910)
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Fatigue

Fatigue is one of the most common symptoms of MS. While the overall prevalence rate of
fatigue is almost 80%, 55% of the patients report fatigue to be one of the worst symptoms
they experience (Khan, Amatya & Galea, 2014, p. 1). For further information see Asano &
Finlayson (2014) and Kos, Kerckhofs, Nagels, D’hooghe & lisbroukx (2008). The feeling of
fatigue is highly subjective and difficult to define or measure (Dobkin, 2008). The lack of a
homogeneous terminology regarding name, causes and dimensions of fatigue challenges
comprehensibility and comparability of scientific studies (Asano & Finlayson, 2014, p. 1,6;
Burschka, 2010, p. 23 - 40; Kos et al., 2008, p. 97). In 1998, Fatigue was defined as "a sub-
jective lack of physical and/or mental energy that is perceived by the individual or caregiver
to interfere with usual and desired activities” (Multiple Sclerosis Council for Clinical Practice
Guidelines, 1998, p. 2). In 2007, the following definition was developed and evaluated on
the basis of four additional definition attempts:

"Fatigue is defined as reversible, motor and cognitive impairment with reduced motivation and desire

to rest, either appearing spontaneously or brought on by mental or physical activity, humidity, acute

infection and food ingestion. It is relieved by daytime sleep or rest without sleep. It can occur at any time

but is usually worse in the afternoon. In MS, fatigue can be daily, has usually been present for years
and has greater severity than any pre-morbid fatigue." (Mills & Young, 2008, p. 57)

Despite the development of several theories, the origin of fatigue in MS remains unknown.
Primary and secondary contributing factors to fatigue are discussed (Khan et al., 2014,
p. 2; Kos et al., 2008): Primary factors result directly from disease activity. They could
originate locally due to demyelination and neurodegeneration or be systemic due to the
immune response. Moreover, the mechanisms to compensate for neuronal damage (such as
cortical reorganization and increased central motor drive) could lead to an elevated energy
expenditure (Burschka, 2010, p. 26; Kos et al., 2008, p. 91).

In contrast to this, secondary fatigue could result from MS-related complications, muscu-
losceletal problems, concomitant diseases, pharmacological treatment, sleep quality and
personal factors (such as nutrition and physical activity). In addition to the multitude of
possible causes, fatigue manifests in different dimensions, for example with regard to time
(acute or chronic onset) and functional impairment (motion or cognition) (Khan et al., 2014,
p. 1). The multi-dimensionality of fatigue makes it very difficult to pinpoint specific causes at
the individual level. Moreover, it is difficult to distinguish fatigue from other MS symptoms,
such as cognitive impairment and depression. For an exemplary overview on fatigue in MS,
see Figure 6.

Mobility impairment

Mobility impairment is both a prominent symptom even early in the disease and a long-term
consequence of MS (Motl, 2013, p. 326). The estimated prevalence ranges from 41% to
75% (Motl, 2013, p. 326). It is important to note that impaired mobility can result in a sub-
stantial decrease in quality of life (Motl, 2013, p. 333). Disease progression affects two viable
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Contributing factors

Primary
Immune dysregulation
Neuroendocrine dysregulation
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Psychomotor function

Neuronal dysfunction Medication
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Figure 6: Overview on the different dimensions of fatigue in MS (Khan et al., 2014; Krupp, Serafin &
Christodoulou, 2010; MacAllister & Krupp, 2005). Depending on the perspective, a multitude of different pa-
rameters involved in the occurrence and consequences of fatigue in MS can be differentiated. First, primary
and secondary causes of fatigue can be distinguished. Second, fatigue can be entangled with other symp-
toms of MS, such as depression and cognitive impairment. Third, fatigue can manifest in different dimensions,
for example regarding time and affected function. This multi-dimensionality of fatigue makes it very difficult to

pinpoint specific causes at the individual level and to provide appropriate therapy.
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8 1 Background

components of ambulatory ability: motion control and sensory function (Motl, 2013, p. 326).
Sensory dysfunction such as visual impairment and paraesthesia (for example numbness,
pain, pins and needles) reduce the quality of sensory feedback. This challenges orientation,
balance and the ability to adapt movement to changes in the environment. Motoric dys-
function such as inappropriate muscle innervation (for example spasticity, weakness, ataxia)
additionally challenges coordination. While in healthy people the ability to walk relies on
automatic and unconscious mechanisms, MS patients have to resort to a higher level of
conscious motion control (Motl, 2013, p. 327). This could require a decrease in walking
speed in order to process relevant information in time. In sum, the elevated level of required
resources could lead to earlier energy depletion and occurrence of fatigue (Motl, 2013, p.
328 - 329).

Cognitive impairment

Cognitive impairment is a frequent symptom of MS. The prevalence ranges from 43% to 70%
(Chiaravalloti & DeLuca, 2008, p. 1139). However, the neuropsychological presentation of
cognitive impairment differs among MS patients and may be influenced by a wide range
of factors (Motl, Sandroff & Benedict, 2011, p. 1035). Predominantly affected cognitive
domains include information processing, memory, complex attention, executive functioning,
and visual perceptual skills (Chiaravalloti & DelLuca, 2008; DeLuca & Nocentini, 2011, p.
201 - 202). In addition to this, cognitive impairment can significantly impact quality of life,
activities of daily living and the ability to work (Motl et al., 2011, p. 1035; Siegert & Abernethy,
2005, p. 469).

Depression

Depression rates are high among MS patients, suggesting a lifetime-risk of 25 to 50%,
which is 2 to 5 times higher than observed in the general population (Feinstein, Magalhaes,
Richard, Audet & Moore, 2014, p. 508). However, such estimates should be treated with
caution. First, symptoms of depression may overlap with other symptoms of MS, including
fatigue, pain, anxiety, and cognitive impairment (Feinstein et al., 2014, p. 509). Second,
there is little consensus among researchers about standard assessments to diagnose de-
pression (Siegert & Abernethy, 2005, p. 470). Third, reports on estimated depression rates
were based on different populations (Siegert et al., 2005, p. 470). According to the ICD-
10 (World Health Organization, 2015), a depressive episode (F.32) is characterized by the
following criteria: lowering of mood, reduction of energy, decrease in activity, reduced self-
esteem, sleep and appetite disturbances, and psychomotor retardation. In addition to this,
depression is closely related to abnormal cognitive mechanisms, such as rumination (World
Health Organization, 2015, F42.0).

The symptoms delineated above can significantly impact the affected individuals’ quality of
life. They appear as complex constructs that are highly individual and tend to comprise
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multiple interacting components. Especially the attempt to clearly differentiate between fa-
tigue, cognitive impairment, and depression is a vexed issue with regard to both, identifying
possible causes and providing well-directed treatment. This multi-dimensionality particularly
challenges the development, evaluation and adequate prescription of effective interventions.

1.1.4 Diagnosis, diagnostics and treatment

The intangible and complex phenotype of MS poses great challenges to diagnosis and treat-
ment. Presently, there is no test available to definitely diagnose MS (Milo & Miller, 2014, p.
518; National Clinical Guideline Centre, 2014, p. 48). The diagnosis is made with the help
of specific criteria that keep being adapted according to the advancing knowledge and pos-
sibilities (Milo & Miller, 2014, p. 518). The core of MS diagnosis consists of examining
the dissemination of inflammatory processes in space and time by MR imaging of the CNS
(DelLuca & Nocentini, 2011, p. 201). In fact, MRI machines have contributed substantially to
reducing the time between disease onset and diagnosis (Haghikia & Gold, 2013, p. 358).

Clinical assessment

The assessment of disease-related parameters primarily relies on MRI, clinical evaluation,
functional tests and measures of self-report. MR imaging plays a key role in monitoring
the disease course, treatment efficiency and side effects (Haghikia & Gold, 2013, p. 376
- 377). The most widely used tool to assess neurological function in MS is the Expanded
Disability Status Scale (EDSS) (Kurtzke, 1983). In the EDSS the overall state of disease
progression is quantified by the assessment of eight functional systems (pyramidal, cerebel-
lar, brain stem, sensory, bowel and bladder, visual, mental, other) on a six point rating scale,
in addition to mobility and activities of daily living. The EDSS score ranges from zero (no
dysfunction) to ten (death as a consequence of MS). The main focus of the EDSS includes
motor function and ambulatory ability.

Assessments of global functioning and self-report measures

Further assessments of global functioning in MS include the Barthel Index (Bl) and the Mul-
tiple Sclerosis Functional Composite (MSFC). The Bl evaluates a person’s ability to carry
out basic activities of daily living. The MSFC evaluates cognition, fine motor skills and am-
bulation’ (DeLuca & Nocentini, 2011, p. 204). It is important to note, that the assessment of
ambulatory ability is an integral part of monitoring disease progression and treatment suc-
cess (Motl, 2013, p. 327). The most commonly used tests to assess walking performance
are the Timed 25-Foot Walk (T25-FW) and the 6-minute walk (6-MW) (Motl, 2013, p. 327 -
328). Both assessments rely on result-oriented parameters of walking behavior, such as the
time needed to cover a predefined distance (T25-FW) or the total distance walked during a

"The MSFC includes the following tests: 9-Hole Peg Test, Paced Audio Serial Addition Test (PASAT), Timed
25-Foot Walk (T25-FW).
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10 1 Background

given amount of time (6-MW). Apart from clinical evaluation, many assessments resort to
patient self-report measures, for example on fatigue, depression and quality of life.

In summary, clinical assessments are needed to differentiate between normal functioning
and pathological impairment, with regard to the severity and duration of a specific symptom,
its impact on everyday activities and psychological strain. Moreover, subjective as well as
objective assessments are essential in determining whether specific treatment is necessary
and whether it is successful. In general, treatment options are divided into pharmacological
treatment and non-pharmacological treatment.

Pharmacological treatment

Pharmacological treatment of MS can be divided into: treatment of relapses, immunomod-
ulatory therapy (basic therapy, escalating therapy) and symptomatic therapy (Kamm et al.,
2014). Many MS patients also turn to alternative treatment options, such as complementary
and alternative medicine (DelLuca & Nocentini, 2011, p. 209).

To date, there are eight approved pharmacological agents in the domain of immunomodu-
latory therapy (Kamm et al., 2014, p. 137). All of these drugs primarily aim to decrease
the number and severity of relapses by early anti-inflammatory intervention. Thus, an early
diagnosis plays a crucial role in the possibilities of treating MS. The interventional approach
is chosen with regard to individual symptom presentation, disease course and prognosis.
However, despite the growing body of knowledge on factors influencing disease progres-
sion, their prognostic value at the individual level remains poor (DelLuca & Nocentini, 2011,
p. 199). Moreover, the rising number of treatment options contributes to the complexity of
MS management, especially with regard to an individualized therapy (Kamm et al., 2014, p.
139).

Apart from decreasing the rate and severity of relapses via early immunomodulatory treat-
ment, the possibilities to save neural tissue are scarce (Haghikia & Gold, 2013, p. 377). In
particular, there is a lack of tools available to counter and reverse neurodegeneration, espe-
cially in progressive courses of the disease. Current investigative efforts regarding neuropro-
tection include experiments with regeneration of axonal injury and stem cell administration
(Haghikia & Gold, 2013).

Non-pharmacological treatment

Non-pharmacological treatment is an important complement to pharmacological treatment.
In some cases, it might be superior to drug-based treatment, for example in the management
of fatigue (Asano & Finlayson, 2014, p. 4; Khan et al., 2014, p. 14). Non-pharmacological
treatment consists of physical therapy (physiotherapy, ergotherapy, logopedics and reha-
bilitation) as well as psychological therapy and social therapy (Déring et al., 2012, p. 2).
Basically, this approach to deal with arising symptoms primarily focuses on rehabilitation.
However, a prevention-oriented approach could further increase the chances of success-
fully dealing with MS. For example, it was suggested to include behavioural interventions
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1.2 Why is physical activity important for MS management? 11

Physical activity
any type of active physical movement

Every day physical activity Exercise Sport

planned performance of
systematically repeated movements
to strengthen physical condition,
accomplish skills, and improve
performance

exercise with a focus
on physical achivement,
competition, and fun

any type of physical movement
that consumes the subject's
energy during every day life

Figure 7: Terminology to distinguish different domains of physical activity in this manuscript. This scheme
was built according to the definitions provided by the WHO (2014) and Déring et al., (2012, p. 3).

into standard MS management (Déring et al., 2012; Ellis & Motl, 2013). This request is in
line with the recent interest in the impact of exercise on disease progression and life quality.
Exercise can contribute essentially to MS management (Dalgas & Stenager, 2012; DelLuca
& Nocentini, 2011; Déring et al., 2012; Motl & Pilutti, 2012; National Clinical Guideline Cen-
tre, 2014). Despite this recognition as a valuable tool to increase function and quality of life
in MS patients, exercise is not commonly offered or prescribed as an integral part of MS
therapy (Ddéring et al., 2012).

1.2 Why is physical activity important for MS management?

The World Health Organization (WHO) defined physical activity as "any bodily movement
produced by skeletal muscles that requires energy expenditure" (WHO, 2014, What is phys-
ical activity?, para. 1). It is important to distinguish between the terms physical activity
and exercise. Exercise is "a subcategory of physical activity that is planned, structured,
repetitive, and purposeful in the sense that the improvement or maintenance of one or more
components of physical fithess is the objective" (WHO, 2014, What is physical activity?, para.
2). The term sport is used in current literature on the same track as the term exercise. It was
suggested to define sport as "exercise with a focus on physical achievement, competition
and fun" (Déring et al., 2012, p. 3). The main difference between the terms physical activity
and exercise/sport lies in the degree of deliberate planning involved. Despite these clear
definitions, it remains difficult to unambiguously denote whether the term physical activity
points to physical activity in everyday life (excluding exercise/sport) or to physical activity
in general (including exercise/sport). The terminology used in this manuscript was chosen
according to the categorization in Figure 7.

Since the 1990s scientific interest in the effects of physical activity on MS has been ris-
ing tremendously (Tallner, Maurer & Pfeifer, 2013, p. 1239). However, due to the delayed
recognition of its therapeutic potential, the evidence on specific effects of physical activity on
disease progression is still limited. In traditional MS management, bed rest was medically
prescribed and patients were advised against physical activity (Tallner et al., 2013). Two
main reasons for these recommendations were the observation of symptom aggravation
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12 1 Background

along with a rise in body temperature and the intent of conserving energy to minimize fa-
tigue. Even though first calls towards the inclusion of physical therapy into MS management
came up in the 1960s, the potential of regular physical activity only started to gain attention
during the 1980s (Tallner et al., 2013, p. 1241). By comparison, physical activity in the field
of heart disease had already been established via outpatient exercise groups and a specific
education for exercise instructors (Tallner et al., 2013, p. 1243).

1.2.1 The chances of physical activity

Compared to healthy controls, people with MS show a reduced level of physical functioning,
including cardiorespiratory capacity, muscle strength and balance (Déring et al., 2012, p. 8).
It is important to note that such symptoms can aggravate due to physical inactivity (Déring et
al., 2012, p. 3). Additionally, physical inactivity comprises the risk of secondary morbidities
to MS, such as obesity, diabetes, osteoporosis, cardiovascular damage and additional com-
plications (Déring et al., 2012; National Clinical Guideline Centre, 2014; Tallner & Pfeifer,
2008).

Yet, many persons with MS take on a physically inactive lifestyle and miss out on the ther-
apeutic potential of physical activity (Dalgas & Stenager, 2012; DeLuca & Nocentini, 2011;
Déring et al., 2012; Motl & Pilutti, 2012; National Clinical Guideline Centre, 2014). The
prevalence of physical inactivity in the MS population (reaching up to 78%) seems not only
higher than in the general population but even higher compared to people with other chronic
diseases (Latimer-Cheung et al., 2013b, p. 1801). To promote a shift towards the engage-
ment of people with MS in physical activity, exercise has explicitly been recommended in
current clinical guidelines: "Encourage people with MS to exercise. Advise them that regu-
lar exercise may have beneficial effects on their MS and does not have any harmful effects
on their MS" (National Clinical Guideline Centre, 2014, p. 119).

1.2.2 Mechanisms of exercise induced benefits

While the therapeutic value of exercise was recognized, the mechanisms of exercise induced
benefits on the course of MS are just starting to be explored. Current research is mainly fo-
cusing on the fields of immune-modulation, neuroprotection and neuroplasticity. The effects
of exercise on the immune system of athletes are known to depend on training intensity.
While vigorous exercise increases the risk and frequency of infectious disease, moderate
exercise intensity contributes to their prevention (Déring et al., 2012, p. 7). In multiple scle-
rosis, exercise is reported to exert further adaptive immune-modulating effects (Déring et al.,
2012, p. 7).

The most promising mechanisms are the effects of exercise on cytokines and neurotrophic
factors. The effect of exercise on cytokines could beneficially shift the imbalance between
pro-inflammatory and anti-inflammatory processes in people with MS (Dalgas & Stenager,
2012, p. 91). In this way, exercise could support the effect of drug-based immune modu-
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lating therapy. Due to the short-term nature of these effects, frequent and regular training
intervals are advocated (Déring et al., 2012, p. 7). Moreover, exercise seems to counter the
neurodegenerative effects of MS pathology by fostering the release of nerve growth factors
(Dalgas & Stenager, 2012, p. 92 - 93). These neuroactive proteins support cell proliferation,
synaptic plasticity, neuroprotection and neurogenesis. In addition, neuroprotective mecha-
nisms may also be fostered by exercise induced activation of antioxidant enzymes (Dd&ring
etal., 2012, p. 7).

Furthermore, exercise could exert beneficial effects on such mechanisms that compensate
damage in the CNS, for example neuroplasticity and cortical reorganization (Déring et al.,
2012, p. 8; Tomassini et al., 2012, p. 4). Impaired motion control seems to be compen-
sated by the recruitment of additional cortical regions that are not typically involved in motor
planning and execution (D&ring et al., 2012, p. 8). "Repetitive activation of the motor pro-
grams strengthens the cortical engrams and causes neuroplastic and adaptive processes
like improved motor unit activation and synchronization of firing rates. In contrast periods of
inactivity are associated with opposite effects" (Déring et al., 2012, p. 7). In summary, exer-
cise seems to exert disease modifying effects, but the evidence base is very limited (Dalgas
& Stenager, 2012; Motl & Pilutti, 2012). Current data is also not sufficient to draw definite
causal conclusions on exercise induced alterations in brain morphology (Déring et al., 2012,

p. 8).

1.2.3 Evidence for exercise-induced effects

The evidence base of exercise induced effects in persons with MS was summarized in a
well-structured review (Motl & Pilutti, 2012): they reported that extensive and consistent
supportive evidence suggests beneficial effects on aerobic capacity, muscular strength, and
ambulatory performance of persons with MS; limited but supportive evidence existed for
fatigue, gait, balance and quality of life; no consistent evidence existed on the effects of
exercise on MS pathogenesis (inflammation, neurodegeneration, axonal and neuronal loss)
and on participation-related variables (activities of daily living, recreation, leisure and work);
evidence on the effects of exercise on depression and cognition was also inconsistent (Motl
& Pilutti, 2012).

In a more recent review, it was suggested that the effect of exercise on depression tends to
be beneficial, but that current evidence does not allow for solid causal conclusions (Dalgas,
Stenager & Sloth, 2014). However, in patients with depression, exercise was shown to ex-
ert moderate to large effects (Josefsson, Lindwall, & Archer, 2014). While there is limited
research available on exercise and cognition in MS, promising effects were found in geron-
tology (Motl et al., 2011, p. 1035). In fact, firm evidence exists on exercise induced preser-
vation of brain structure in older people, indicating beneficial effects on cognitive function
(Motl & Pilutti, 2012, p. 489). Motl & colleagues (2011) explicitly encouraged the systematic
examination of exercise training and cognition in MS by adopting knowledge and experience
from gerontology research.
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In conclusion, research on the therapeutic potential of exercise for MS management is still
in its infancy with much left to do. In particular, there is a lack of solid information on choice,
dose, and advantages of specific exercise programs for people with MS (Latimer-Cheung et
al., 2013b).

1.2.4 Recommendations on physical activity in MS

Only recently, the first steps were taken towards the development of evidence-informed phys-
ical activity guidelines. This section provides four examples, involving different parties within
the field. First, the National Clinical Guideline Centre issued the following recommenda-
tions on exercise in MS to initiate their promotion by healthcare professionals. In summary,
these guidelines include goal-setting, physical functions (aerobic capacity, strength, bal-
ance), compliance, support and choice:
"Ensure people with MS and mobility problems have access to an assessment to establish individual
goals and discuss ways in which to achieve them. This would usually involve rehabilitation specialists
and physiotherapists with expertise in MS. Consider supervised exercise programmes involving mod-
erate progressive resistance training and aerobic exercise to treat people with MS who have mobility
problems and/or fatigue. Consider vestibular rehabilitation for people with MS who have fatigue or mo-
bility problems associated with limited standing balance. Encourage people with MS to keep exercising
after treatment programmes end for longer term benefits (...). Help the person with MS continue to ex-
ercise, for example by referring them to exercise referral schemes. If more than one of the interventions
recommended for mobility or fatigue are suitable, offer treatment based on which the person prefers
and whether they can continue the activity when the treatment programme ends." (National Clinical
Guideline Centre, 2014, p. 460)

Second, Latimer-Cheung & colleagues (2013a, p. 1834) developed evidence-based recom-
mendations for the minimum level of exercise required to enhance physical fitness, mobility,
and health related quality of life, while decreasing fatigue. The guidelines advocate a com-
bination of moderate aerobic activity (2 times per week for 30 minutes) and strength training
(2 times per week, 2x15 repetitions finished barely but safely for each exercise). Suggested
aerobic activities comprise arm cycling, leg cycling or walking and elliptical trainer. Strength
training exercises comprise weight machines, free weights, and cable pulleys. Further exer-
cises advocated are elastic resistance bands, aquatic exercise, and callisthenics.

Third, the MS Society of Canada started an exemplary and pragmatic approach to facilitate
physical activity for people with MS in the society. The initiative "MS Active NOW, Activating
Your Life" targets persons with MS, fitness professionals, and health professionals. It aims
to provide all three stakeholders with information material on MS and exercise, including
opportunities, challenges and means to overcome barriers (Carlyle, Johnston, Rattray &
Wheeler, 2009; Johnston, Carlyle & Rattray, 2007, 2008; Johnston, Wheeler & Rattray,
2009a, 2009b). The initiative encourages the inclusion of persons with MS into local facilities
(e.g. fitness centres), promoting social interaction and support for persons with MS.

Fourth, Tallner & Pfeifer (2008, p. 5-6) pointed out the following considerations regarding
the suitability of exercise programs for persons with MS. Due to considerable individual vari-
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ation in the course of symptoms in MS, exercise programs should allow for tailoring to the
specific abilities and needs of the participant. In particular, common symptoms such as
fatigue, balance problems, and cognitive decline should be taken into account. Moreover,
such programs should allow for exercise intensity changes according to the participant’s
perceived level of exertion. In fact, the conscious control and self-reliant adjustments should
be a specific aim of the program. Additionally, the setting should be chosen with regard
to temperature and the possibility of taking individual breaks (to adjust exercise intensity or
to deal with incontinence). Exercise programs should specifically aim to facilitate long-term
adherence and to endorse the establishment of exercise and everyday physical activity as
an integral part of MS management. Thus, exercise programs for people with MS should
also account for traditional exercise and group-based activity programs, which are broadly
available to the community. These offers should be perceived as pleasant, accessible and
accomplishable.

It has to be noted that all of the recommendations above were based on studies with sev-
eral limitations, including design, sample selection, intervention protocol, endpoints, out-
come measures, and reporting of information. There is a need for well-conducted studies
to provide a solid basis for detailed and systematic recommendations on choice, dose, and
benefits of suitable exercise programs for people with MS (Déring et al., 2012).

1.3 Why could Tai Chi be particularly suitable?

People with MS are a very heterogeneous target group, requiring specific attention in the
conceptualization, conduction, and implementation of exercise programs. The Chinese mar-
tial art Tai Chi could be a particularly suitable and cost-effective type of exercise because it
allows individual support and tailoring to specific needs, even within group-based settings.

1.3.1 Tai Chi is gentle and accessible

Tai Chi is a living tradition with a long history. Especially Yang’s Style Tai Chi practice consists
of flowing and dance-like chains of motion, which are performed in a slow and gentle manner.
Such choreography is called a form. Originally designed as a secret martial art in ancient
China, Tai Chi gained a good reputation as a favourable sport in healthcare. The question
What is Tai Chi? is further discussed in section 4.2 (page 42). In fact, Tai Chi has been
gaining increasing attention in both, Eastern and Western healthcare research. There is
growing evidence in favour of Tai Chi to induce health benefits in various neurological groups,
including Parkinson’s disease, Fibromyalgia, chronic stroke, peripheral neuropathy and MS
(Au-Yeung, Hui-Chan & Tang, 2009; Li et al., 2012; Li & Manor, 2010; Mills, Allen & Carey-
Morgan, 2000; Wang et al., 2010). Since the early twentieth century, the dissemination of
Tai Chi via group lessons grew along with the number of Tai Chi instructors and schools. To
increase suitability for mainstream, the original forms were shortened and simplified. Today,
Tai Chi classes for all age groups are broadly available to the public.
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1.3.2 Tai Chi can be adapted to specific needs

The Tai Chi forms available vary depending on traditional lineage and personal experience of
their practitioners. The variability could be a hint that the core of Tai Chi is not the form itself
but the principles carried within the form. This is why Tai Chi could be particularly interesting
for people with motoric deficits, as it allows tailoring of the movements according to individual
abilities. To some degree, necessary adjustments in conscious control of motion can be
guided by experienced Tai Chi instructors. There is a wide range of possibilities allowing to
adjust the elements of Tai Chi practice to the participants’ needs (for example via individual
breaks, variation in speed, range of motion, stance width, number and characteristics of the
figures within a form). In the end, subtle adjustments are primarily up to the awareness and
creativity of the practitioners themselves.

Mindful awareness is an important component of Tai Chi practice (Nedeljkovic, Wirtz &
Ausfeld-Hafter, 2012; Wayne & Kaptchuk, 2008, p. 96 - 97). In fact, the concept of mindful-
ness is compatible with the concept of Tai Chi, which is described in Section 4.3 (page 58).
Briefly summarized, the concept of mindfulness involves regulation of attention and focus-
ing on the here and now. The development of an observant, accepting and non-elaborative
perspective is assumed to increase access to information on current experience, fostering
self-awareness and the ability of self-regulation (Bishop et al., 2004). The development and
consolidation of this ability is essential in patient-oriented rehabilitation programs. It is par-
ticularly important for persons with MS, who need to rediscover their body and its abilities
over and over. Further, convergent evidence suggests a positive association between mind-
fulness and psychological health (Keng, Smoski & Robins, 2011, p. 17). Few interventions
incorporate both physical and mindfulness exercises. A recent review reported a success-
ful combination of tailored exercise programs and mindfulness-based interventions in MS
(Simpson et al., 2014).

1.3.3 Tai Chi could help to overcome barriers to exercise participation

In addition to this, the adaptability and gentle way of Tai Chi practice could help people with
MS to overcome barriers to exercise participation. Possible factors contributing to a hesitant
perspective on physical activity comprise traditional thinking, lack of confidence, fatigue, and
motivational issues as well as acute worsening of symptoms during of following physical
exertion.

First, the traditional perspective on exercise could still be present in peoples’ mind (Tallner
et al.,, 2013, p. 1238). In a survey on health enhancement (n = 2200 persons with MS),
19% of the sample attributed beneficial effects to endurance training. Contrarily, 17% of the
same sample reported that endurance training increased their disease severity (Simmons,
Ponsonby, van der Mei, & Sheridan, 2004, p. 206). We suggest that people with MS might be
more confident to try a rather gentle and recreational activity, such as Tai Chi, over engaging
in other types of exercise.
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Second, the waxing and waning of debilitating symptoms and the unpredictability of the MS
course could promote a lack of confidence in one’s own capabilities (Doring et al., 2012, p.
1). Moreover, perceived inability resulting from impaired motion control could contribute to a
hesitant perspective on physical activity, especially with regard to safety issues. Compared
to the general population, the risk of falling is two or three times increased in persons with
MS (Tallner & Pfeifer, 2008, p. 1). At this point it is important to note, that scientific research
on Tai Chi as a sport in healthcare mainly focused on the improvement of balance in the
elderly (Burschka, Kuhn, Menge & Oschmann, 2013). Moreover, it was reported that the
effects of Tai Chi on fall prevention seem to primarily depend on an increase in general
self-efficacy rather than improved balance, gait or fear of falling (Tousignant et al., 2012).
Self-efficacy in turn seems to be related to health promoting behaviour like engagement in
exercise (Stroud, Minahan & Sabapathy, 2009, p. 2216; Tallner & Pfeifer, 2008, p. 2).

Third, fatigue and motivational issues could be a barrier to exercise engagement. With the
intent to manage fatigue and conserve energy, people with MS might refrain from physical
activity (Tallner et al., 2013, p. 1238). In fact, physical exertion was designated as the
greatest barrier to exercise — irrespective of the current level of physical activity (Stroud
et al.,, 2009, p. 2221). However, refraining from exercise comprises the risk of general
de-conditioning and symptom exacerbation (see Section 1.1.3, page 4). Thus, it is crucial
for people with MS to find a balance between exercise engagement and fatigue (Kayes et
al.,, 2011, p. 1050). In line with this suggestion, self-management approaches have been
reported to be highly effective in fatigue management (Asano & Finlayson, 2014, p. 6,
9). Mindful Tai Chi practice could be particularly suitable to increase body awareness and
emotional awareness in persons with MS. Moreover, Tai Chi practice could provide a safe
and convenient setting to practice self-management strategies.

Fourth, acute worsening of MS symptoms relative to a rise in body temperature may also
play an important role in physical activity behaviour. This barrier could be related to all of the
barriers above, as delineated subsequently. Despite the sharp turn from advising bed rest to
encouraging physical activity, the experience or fear of symptom exacerbation could still be a
strong argument against physical activity from the individual’s point of view. Moreover, a lack
of confidence could diminish the motivation to explore personal boundaries with regard to
physical ability and fatigue. As delineated earlier, Tai Chi can easily be adapted to the current
perception of exertion. The repetitive character of Tai Chi practice and its mindfulness-
component could be particularly valuable in (re-) gaining the ability of estimating, meeting
and expanding personal boundaries and resilience, both physical and non-physical.
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There is a promising evidence base in favour of various therapeutic benefits, of both physi-
cal activity in MS management and Tai Chi in various neurological patient groups. However,
there is still a lack of conclusive data regarding a targeted practical implementation. The
multi-dimensionality and variability in this field pose particular challenges to scientific ana-
lysis, generalizability and reproducibility of results. In current literature, this problem is ad-
dressed by the term complexity. The key feature of complexity is the involvement of multiple
interacting components. The main challenge of complex phenomena lies in their inherent
difficulty to be described, analysed, understood, and predicted. To enable scientific discus-
sion on complex phenomena, a common ground in research terminology is needed. This is
particularly important when analysing multi-dimensional constructs, such as fatigue, physi-
cal ability, and physical activity in people with MS. In addition, it is necessary to be aware
that the use of a common terminology does not necessarily imply common ground in the
researched phenomenon.

Together with a uniform understanding of the terminology, common ground in research
methodology needs to be established. This includes adequate test inventory. The as-
sessment of prevalent MS symptoms, such as impaired walking ability (see Section 1.1.3,
page 6), is important to monitor disease activity and success of treatment strategies. How-
ever, ambulation is a multi-dimensional construct influenced by sensory, motor, and cog-
nitive parameters. Thus, impaired walking ability is difficult to define and to measure. As
described in Section 1.1.4 (page 9), common assessments of walking ability in MS primarily
rely on result-oriented parameters, such as the total distance walked during a specific time
frame. However, healthy individuals were observed to show a stereotypical U-shaped ve-
locity profile during timed walking. This profile was characterized by a high starting speed,
subsequent slowing and acceleration towards the end of the test. Hence, the assessment of
dynamic walking features in people with MS warrants further investigation. Such information
could contribute to an early detection of changes in walking performance, which is a key to
disease management and the evaluation of therapeutic interventions.

Apart from the test inventory, the quality of research methodology relies on choice, descrip-
tion, and standardization of the intervention under investigation. As pointed out in Sec-
tion 1.2 (page 11), physical activity could essentially contribute to MS management. How-
ever, there is a lack of knowledge about types, working mechanisms, dose, and effects of
exercise programs for people with MS. As outlined in Section 1.3 (page 15), Tai Chi could be
particularly worth investigating. Its gentle, mindful way coupled with its adaptability seems
especially suited to meet the specific needs of persons with MS and to overcome barriers to
exercise participation. It is important to note that this adaptability makes a Tai Chi interven-
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tion difficult to describe and standardize. Moreover, the concept of Tai Chi itself is manifold.
While scientific interest in the effects of Tai Chi has been rising tremendously, little attention
was directed at how Tai Chi has scientifically been studied. Such research could guide the
development of theories on working mechanisms and clear recommendations about which
way of practising Tai Chi is likely to induce most beneficial effects.

In summary, there is a need for increased awareness about the complexity inherent in the
research fields of MS and Tai Chi. We need common ground in research terminology and
methodology to take on the challenge. Theories on underlying mechanisms could both
support this goal and gain from it.

We chose to further investigate this field of interest by pursuing the following questions:

First

We examined 37 persons with MS and 25 healthy controls within two timed walking tests
(6-minute walk, 12-minute walk). Prior to the assessment, the MS group was divided into
two subgroups according to the subjects’ disability levels (mild MS group and moderate
MS group). In addition to mean walking speed, we observed dynamic features of walking
behaviour, namely deceleration and the degree to which velocity profiles approximated a U-
shape. Additionally, we applied a self-report assessment to quantify subjective fatigue. The
publication is named: An exploration of impaired walking dynamics and fatigue in multiple
sclerosis.

» Do the 6-minute walk and the 12-minute walk reveal temporal dynamic features of
walking in MS?

Do these features differ between people with MS and healthy controls?
If yes, do these differences depend on disability level and test duration?

+ Are abnormal walking dynamics related to the individuals’ subjective constraints?

Second

We explored the martial art Tai Chi with regard to its tradition, scientific evaluation and its
challenges to research methodology. The publication is named: Research on Tai Chi as a
sport in health care: The challenge of complex interventions.

» What is Tai Chi?

 To which areas has Tai Chi been directed at?
Which way of practising Tai Chi was assumed to hold therapeutic potential?

» What makes a complex intervention complex?
What problems evolve from this complexity?
How can we deal with these problems?
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« What makes Tai Chi a complex intervention?
How could a Tai Chi intervention be described?
How could a Tai Chi intervention be analysed scientifically?

Third

We devised a standard Tai Chi program for persons with MS. Subsequently, we analysed its
effects on physical and psychosocial parameters within a 6-month intervention, comparing a
Tai Chi group (n = 15) to a group that received treatment as usual (n = 17). The publication
is named: Mindfulness-based interventions in multiple sclerosis: beneficial effects of Tai Chi
on balance, coordination, fatigue and depression

* Is our newly devised, standardized Tai Chi program safe and feasible for people with
MS?

» Does it induce beneficial effects on prevalent MS symptoms (impaired balance and
coordination, fatigue, depression) and life satisfaction?

toc






3 Discussion and perspectives

Our primary aim was to promote research on physical activity for persons with multiple scle-
rosis (MS), specifically considering physical and psychosocial health. MS is an autoimmune
disease, which is characterized by chronic inflammation, neurodegeneration, and gradual
functional decrease in multiple areas. Prevalent symptoms include reduced walking ability,
fatigue, cognitive impairment and depression. These symptoms tend to be multi-causal and
variable. Although a cure for MS remains to be found, significant progress was achieved
regarding the knowledge of pathology and treatment options.

3.1 What did we ask?

The continuous assessment of disease related parameters plays a crucial role throughout
MS management, especially for the goal of achieving a targeted and individualized therapy.
First, it aims to differentiate between normal functioning and the severity of pathological
impairment. Second, it helps to clarify the necessity, choice, and success of available treat-
ment approaches. Assessment relies on both self-report and performance-based measures,
because it is important to account for both patient burden and actual impairment of function.
Walking ability is commonly assessed by means of result-oriented walking tests. Recent in-
terest in the connection between walking performance and fatigue raised the question about
how dynamic features of walking ability could also be respected. This approach seemed
particularly interesting because persons with MS have been reported to display abnormal
temporal walking dynamics compared to healthy controls. Such improvement of the test
inventory may help in responding to disease exacerbation as early as possible.

Pharmacological treatment primarily relies on early intervention to counter inflammation and
alleviate arising symptoms. Further strategies to save or even restore neural tissue and
impaired functions are lacking. Only recently, the therapeutic value of physical activity has
been acknowledged to contribute fundamentally to MS management. However, there is a
need for clear recommendations on choice and dose of exercise for persons with MS. In ad-
dition, scientific interest in the therapeutic benefits of mindfulness-based interventions has
grown. The Chinese martial art Tai Chi incorporates both physical and mindfulness com-
ponents. Due to its adaptability and gentle way it is predisposed for heterogeneous target
groups. It could be particularly suitable to enhance physical activity in persons with MS. The
therapeutic potential of Tai Chi has recently been analysed in various neurological groups
and effects tend to be beneficial. However, due to the heterogeneity of the studies avail-
able, repetition and generalization of the observed effects is difficult. A key to approaching
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this problem may be to raise awareness about the inherent variability of the concept that is
simply referred to as Tai Chi.

In sum, we aimed at improving the assessment of physical function (walking ability) and at
developing exercise programs (Tai Chi) for persons with MS. We delineated our research
questions in the previous chapter.

3.2 What did we do?

We explored dynamic characteristics of walking behaviour in MS patients. Walking tests
are commonly used to assess physical function in MS. The tests primarily rely on result
oriented parameters, such as the total distance walked during a time frame. However, dy-
namic walking characteristics (such as deceleration or acceleration of walking speed during
the test) may also be relevant for an adequate assessment of walking ability. Investigating
velocity profiles seemed particularly warranted because healthy individuals were reported
to display a stereotypical U-shaped pattern during timed walking (high starting speed, sub-
sequent slowing and final acceleration). In addition, velocity profiles had been observed to
differ between persons with MS and healthy controls.

In sum, we analysed three different velocity profiles in two walking tests, comparing 37 MS
patients to 25 healthy, age-matched controls. The group of MS patients was further divided
into subgroups according to their disability level. Disability was analysed with the Expanded
Disability Status Scale (EDSS, see Section 1.1.4, page 9); Mild MS Group, n =20, EDSS 0 —
3.5; Moderate MS Group, n = 17, EDSS 4 - 5). The walking tests included the 6-minute walk
and the 12-minute walk. In these tests, subjects walked as fast as possible, back and forth a
distance of 20 meters, for 6 minutes and 12 minutes respectively. The distance covered per
minute was recorded. On the basis of this time series, we calculated three different velocity
profiles by applying appropriate data-analytical procedures (polynomial trend analysis). In
particular, we analysed the mean walking speed, the linear decline in walking speed (lin-
ear trend) and the degree to which the velocity profiles approximated a U-shape (quadratic
trend). Finally, we explored the association between these performance-based measures
and subjective fatigue.

We analysed research on Tai Chi with special regard to methodology in a problem-centred
article. To our knowledge, this is the first attempt to shed light on the question of how Tai
Chi has been studied scientifically. In a first step, we investigated the concept behind the
rather simple name Tai Chi, concluding that this concept is manifold and barely tangible. In
a second step, we asked, how researchers dealt with the multi-dimensionality inherent in
Tai Chi. However, this multi-dimensionality was not taken into consideration. Our analysis
revealed that research on Tai Chi was just as heterogeneous as the concept Tai Chi itself.
Such divergent research attempts make it difficult to collect convergent evidence on the
effects of Tai Chi. In a third step, we explored the ongoing discussion about complexity
within healthcare interventions, including possible strategies to deal with this challenge. In
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a fourth step, we transferred our findings to Tai Chi research, suggesting first steps towards
systematic description and implementation of Tai Chi interventions.

We devised a Tai Chi program dedicated to persons with MS and took a thorough look on
its therapeutic value. Only recently, physical activity was recognised to fundamentally con-
tribute to MS management and recommendations on choice and dose of exercise programs
are still lacking. Tai Chi could suit the specific needs of persons with MS. Further, mindful
awareness, a component of Tai Chi, could be particularly valuable for this target group.

To the best of our knowledge, the concept of mindfulness has not been considered within
Tai Chi interventions. However, mindfulness is essential in Tai Chi practice. Based on this
finding, we described the concept of mindfulness and explicitly highlighted the connection
to the concept of Tai Chi. Briefly summarised, there are two essential components to mind-
fulness: first, purposeful direction and regulation of attention; second, orientation to expe-
rience. Correspondingly, learning a Tai Chi form requires constant switching of attention
between exteroception (observing both the instructor and the own body) and interoception
(bodily sensation involving proprioception, balance and breathing). In addition, Tai Chi prin-
ciples (see Appendix on page 93) are included in the attentional focus. This requires a
high amount of resources and receptivity to interoceptive information. The second compo-
nent of mindfulness, namely maintaining a curious attitude, is also addressed in Tai Chi.
Tai Chi practice includes the exploration of personal boundaries (limits of stability, flexibility,
endurance) and encountering personal habits to cope with discovered limitations. Simulta-
neously, non-elaborative awareness is necessary to stay on track while playing the form. For
further details, see Section 4.3 on page 59.

Our previous research indicated, that the development of a structured Tai Chi program was
required to enable repeatability of interventions and to improve comparability across studies.
We chose to develop our Tai Chi program on the basis of Yang’s style Tai Chi, because this
style features slow and gentle movements. Within this style, we chose the 10-form, which
is standardized and accessible. The 10-form consists of 10 Tai Chi movements, including
two single-leg stances. The movements are carried out symmetrically into two opposite
directions (left and right) in an alternating way. This symmetry is space-saving and facilitates
Tai Chi practice in small spaces, for example at home. The clearly arranged organisation
of movements appears particularly suitable for beginners and people with motor, sensory
or cognitive deficits. In our curriculum, we advocated practising the 10-form as a whole
from begin on. In each session the same core elements were to be included. This allowed
participants who missed a class to resume training without difficulties. A description of the
program, including a video-link to the 10-form, is available in the Appendix (page 93).

In our study on the effects of this Tai Chi program, we examined a group of 32 persons with
MS (EDSS < 5). The Tai Chi group (n = 15, female sex = 10) participated in a 6-month
intervention, practising twice a week for 90 minutes, while the comparison group (n = 17,
female sex = 12) received treatment as usual (TAU). In particular, we evaluated changes in
the following domains: balance, coordination, fatigue, depression, and life satisfaction. Both
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groups were assessed prior to the intervention and after the 6-month interval. To assess
balance and coordination, we used an established balance and coordination test. However,
this test had not previously been applied in this target group (MS). The test included a
number of tasks (14 for balance and 10 for coordination) which were evaluated on a two
point scale (passed or failed). The sum-score (number of tasks passed) was used for further
analysis. In addition, we included self-report questionnaires to assess fatigue, depression
and life satisfaction.

3.3 What did we learn?

We found a consistent pattern of beneficial effects of Tai Chi on the examined outcome
parameters, including balance, coordination, fatigue, depression, and life-satisfaction. Our
findings extend current literature on beneficial effects of mindfulness-based physical activity
in persons with MS, and particularly support the suitability of Tai Chi for this target population.
Further details on our findings are delineated subsequently.

We found that even mildly disabled MS patients display abnormal walking behaviour. In
line with the available literature, our findings confirmed that MS patients walk slower than
healthy controls. The fact that even mildly disabled MS patients walked significantly slower
than controls hints at an early influence of MS on walking ability.

In addition to this, differences between MS patients and controls also manifested in altered
temporal walking dynamics, such as continuous deceleration of walking speed during the
test. Moderately disabled persons with MS displayed a stronger decrease in their walking
speed than controls in both tests. Mildly disabled persons with MS also slowed down more
rapidly than controls, yet this difference was only revealed by the longer test (12-minute
walk). We concluded that the linear decline in walking speed may represent an additional,
clinically relevant feature of impaired ambulation in persons with MS. It is important to note
that different test durations are necessary to detect this feature. While for persons with mod-
erate disability, the 6-minute walk suffices, the longer version (12-minute walk) is necessary
for persons with mild disability.

We also identified a high correlation between the linear decline of walking speed and sub-
jective fatigue. Thus, the linear decline in walking speed adequately reflects the patients’
subjective constraints. Further, the linear decline in walking speed showed a more robust
association to subjective somatic fatigue over mean walking speed. Hence, deceleration
appears to be a more suitable parameter to assess somatic fatigue in place of mean walk-
ing speed. This finding particularly supports previous suggestions to interpret the decline in
walking speed as an indicator of fatigue in MS patients.

Recently, the abbreviation of walking tests for economic reasons was advocated. Our find-
ings hint that such an approach results in the loss of potentially relevant information on dy-
namic walking characteristics. We strongly recommend to choose walking tests and derived
parameters with care and with respect to a specific diagnostic goal or research question.
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We need a pragmatic balance between economic implementation of walking tests and early
detection of impaired walking ability in persons with MS.

We identified multi-dimensionality as a main problem within Tai Chi research. In our analysis
of both the martial art Tai Chi and scientific research on Tai Chi, we identified two aspects
that are highly variable: first, the concept of Tai Chi itself; second, the multiple directions Tai
Chi research branched out into — including a variety of different target groups, study designs,
and outcome domains.

Tai Chi has a deep philosophical background and originated as a martial art in ancient China.
Literally, "Tai Chi” means "the supreme ultimate.” In Daoism, a chinese philosophy, the term
Tai Chi embraces the concept of yin and yang, which is seen as the highest principle of
order within the cosmos. The interplay of yin and yang is depicted in the Tai Chi symbol
(@). The martial art Tai Chi resembles this philosophic principle in its fighting technique:
Encountered force (yang) is not countered with higher force (yang), but with drawback (yin)
— and the simultaneous aim of unbalancing the offender. Basically, Tai Chi practice aims at
performing predefined movements with respect to specific principles. Such choreography is
called a form. In sum, the respected principles combine four basic concepts: the dynamic
interplay of yin and yang, directing energy (qi), developing jin force, and motion. A wide
range of Tai Chi forms can be differentiated by the number of figures included (for example
10-form, 24-form, 108-form), by traditional lineage (the main traditional styles are: Chen,
Yang, Wu, Wu, and Sun), and by further criteria. For detailed information on Tai Chi, see
section 4.2 (page 43). From its origin as a secret martial art, Tai Chi evolved to a highly
pluralistic and accessible type of exercise. In addition, Tai Chi is practised with a variety of
different motives, such as martial art, self-defence, meditation, aesthetics, socializing and
health.

Our exemplary analysis of seven original research articles revealed a very heterogeneous
implementation of Tai Chi within scientific interventions. This multi-dimensionality poses
distinct challenges to the interpretation, comparison, and reproduction of obtained data.
Moreover, poor reporting of the interventions’ curriculum increases the risk of bias. To deal
with the variability, it might be necessary to adopt a broader perspective and adjust the
scientific approach. Helpful in this undertaking could be the lessons learned from complexity
science. In summary, complex problems are difficult to describe, analyse, understand and
predict. The key feature of a complex intervention is the entanglement of multiple interacting
elements, which applies to Tai Chi practice.

To gain solid information on the therapeutic value of Tai Chi, we need a more systematic
approach. A first step to this direction is awareness of the problem and an effort to gain com-
mon ground in terminology and methodology. A second step is enhancing the quality and
completeness of reporting. For alignment, the description of Tai Chi interventions should use
our proposed framework as orientation (Section 4.2, page 49). It guides a thorough descrip-
tion with respect to the following domains: motive within Tai Chi practice, estimating the dose
of Tai Chi training, outlining the curriculum and introducing instructors. Further, in-depth in-
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formation should reflect the characteristics of complex systems as outlined in Section 4.2
(page 51). Briefly summarized, these characteristics include differentiation between con-
stant and variable components, interaction between components, and a component’s place
in a causal chain. For example, constant components could be defined by the curriculum:
setting, choice of Tai Chi form, choice of instructor, choice of training time and intervals,
and number of participants. Variable components could include social interactions and the
differentiation between effective practice time and mere physical presence. The latter differ-
entiation is likely to be linked to the presence of mindfulness within Tai Chi practice. A third
step is the adjustment of our research methodology by including qualitative research along
with quantitative research in an exploratory way. It is necessary to develop theories on
underlying mechanisms and cause-effect relationships prior to extensive quantitative eva-
luation. Together, these steps could provide information about which Tai Chi components
essentially contribute to the effectiveness and efficacy of Tai Chi for healthcare intervention.

We devised a new, standard Tai Chi curriculum to support a systematic course of action in
researching the therapeutic value of Tai Chi for persons with MS. Based on our evaluation,
we concluded that the devised Tai Chi course is safe and feasible for a 6-month intervention
program in MS. We identified beneficial effects in both objective and subjective measures.
During the Tai Chi intervention, the following parameters improved: coordination, balance,
depression and life satisfaction. In contrast, these variables were not altered in the compar-
ison group. Moreover, we found a maintenance effect on fatigue. While fatigue remained
stable in the Tai Chi group, it deteriorated in the comparison group. Our findings clearly sup-
port improved performance levels in balance and coordination following Tai Chi practice. In
addition, Tai Chi seems to positively influence mood and fatigue. Apart from this, test-retest
reliability of all applied measures was sufficient. This finding indicates a systematic change
within the rank ordering of the subjects’ scores on the assessment tools. Thus, the employed
measures provided reliable information although they are not widely used in MS literature.
In sum, our findings support the utility of a structured Tai Chi training in the context of MS
management. We recommended using the concept in future studies.

Collectively these findings offer a glimpse to the significant gains of a more complex perspec-
tive within current research approaches. Research on multi-dimensional constructs requires
a multidisciplinary approach. We started to draw connections between different, yet highly
topical research fields. Future research should further elaborate on these connections and
continue our search for valuable interventions to enhance life quality for persons with MS.
To enable a systematic approach to our research interest, it is crucial to find a common per-
spective, to find a common language and to keep returning to the research question asked.
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3.4 Which questions remain?

Aiming to further elucidate the possibilities of MS management, the investigation of the fol-
lowing domains is desirable.

The test inventory to assess and monitor functional impairment in MS should be enhanced.
Our exploration of walking dynamics appears worth continuing with regard to different dis-
ability levels and test durations. Further research should work towards the acquisition of
normative data on new, clinically relevant features of walking ability.

The therapeutic potential of Tai Chi for persons with MS should be investigated. Different MS
subgroups and comparison groups should be considered. Additionally evaluating the effects
of Tai Chi should reflect different outcome domains. However, to increase comparability
across studies, agreement on a common catalogue of assessment details would be helpful.
The effect of Tai Chi on neural plasticity with regard to motor, sensory, and cognitive ability
seems particularly interesting. Additionally, the effect of Tai Chi on autonomic regulatory
processes seems worth investigating. We suggest that such research should particularly
look into the contribution of mindfulness and breathing, because they both are an integral
part of Tai Chi practice and have been shown to affect autonomic regulation. Apart from
this, non-specific effects such as self-compassion, self-efficacy, and social support should
be taken into consideration.

A theoretical framework on the underlying mechanisms of Tai Chi needs to be established.
Thorough reporting of the conducted research is essential to reach this goal. The identi-
fication of key components that determine the intervention’s success could help to define
specific recommendations and strengthen beneficial effects. Future research should specif-
ically investigate the contribution of mindfulness to the effects of Tai Chi interventions, for
example with regard to body awareness, emotional awareness and rumination. Moreover,
exploring the contribution of the Tai Chi instructor to the intervention’s success seems par-
ticularly interesting. Such research could be achieved by a systematic implementation of
different interventions (both Tai Chi and other) by the same instructor. In addition a single
intervention could be explored with regard to different instructors. Simultaneously, different
approaches of teaching Tai Chi could be explored. For example, practising a whole form
from begin on could help participants to witness personal progress and to experience self-
efficacy. In contrast, practising single movements in detail could foster a different application
of Tai Chi principles and strengthen different resources.

To enable repeatability of Tai Chi interventions, future research should be based on simple
Tai Chi curricula that can be described and standardised. Simple curricula could further
increase comparability between studies and help estimate the dose of Tai Chi training. It is
important to note, that such simplification should not impede the adaptability of the interven-
tion to the needs of the patients. It should rather serve as a means of orientation to improve
operationalizability of the research. Standardised Tai Chi interventions could also contribute
to a more systematic approach of analysing distinct components of Tai Chi practice.
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Moreover, the inclusion of a qualitative study arm could shed light on the participants’ per-
spective. It could support data interpretation and help to form theories, for example, re-
vealing factors that influence long-term adherence to Tai Chi practice. For example, the
philosophical background of Tai Chi could attribute meaning to Tai Chi training and foster
personal commitment to regular practice. Personal meaning within Tai Chi practice could
further evolve from the transfer of Tai Chi principles to daily life. Apart from this, group dy-
namics seem to play an important role. The participants of our Tai Chi study initiated the
establishment of two Tai Chi groups in order to continue their joint practice. Even now — two
years after the intervention — both groups are still meeting on a regular basis. We expect
that the interviews that we conducted with the participants will reveal further information.
These interviews are yet to be evaluated, however promising preliminary findings are avail-
able (Burschka, Hofstadt-van Oy & Kuhn, 2012; Gerlach & Kuhn, 2011; Hawelka & Kuhn,
2012).

Finally, scientists should keep in mind the following question: How could our research bene-
ficially shift the balance from functional impairment to functional recovery in persons with
multiple sclerosis? A high priority is the enhancement of life quality and long-term adherence
to physical activity. With regard to the complexity and multi-dimensionality in this research
field, it is important to continue exploring the mechanisms of exercise induced effects, to
take on the challenges of research methodology, and to work towards the establishment of
exercise as an integral part of MS management.
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Abstract

Background: Physical disability in multiple sclerosis (MS) is frequently characterized by impaired ambulation.
Although walking tests have been successfully employed to assess walking ability in MS patients, data analytic
procedures have predominantly relied on result-oriented parameters (e.g. total distance covered during a given
amount of time), whereas process-oriented, dynamic walking patterns have mostly been ignored. This is striking,
since healthy individuals have been observed to display a stereotypical U-shaped pattern of walking speed during
timed walking, characterized by relatively high speed during the initial phase, subsequent slowing and final
acceleration. Objective of the current study was to test the utility of the 6 min Walk (6MW) and the 12 min Walk
(12MW) for revealing putatively abnormal temporal dynamic features of walking in MS.

Methods: A group of 37 MS patients was divided into subgroups with regard to their level of disability analyzed
with the Expanded Disability Status Scale (EDSS; Mild MS Group, n =20, EDSS 0 - 3.5; Moderate MS Group, n=17,
EDSS 4 - 5). Subsequently, both groups were compared to age-matched healthy controls (n =25) on both tests
with regard to result-oriented characteristics (mean walking speed), as well as dynamic features (mean decline in
walking speed, degree of observed U-shape).

Results: Both MS groups showed a significantly lower mean walking speed than healthy controls, independent of
test duration. Compared to controls, the Moderate MS Group also slowed down more rapidly throughout both
tests. The same pronounced decline in walking speed was observed for the Mild MS Group in case of the 12MW.
Additionally, for both MS groups an attenuated U-shaped velocity pattern was observed relative to controls in the
6MW. Patients' subjective fatigue scores were more strongly correlated with the decline in walking speed than with
the common parameter of mean walking speed in the 6MW.

Conclusions: MS patients display abnormal dynamics in their walking patterns. A pronounced linear decline in
walking speed can be identified with the 12MW even in MS patients with seemingly mild disability. Similarly, the
6MW can be used to assess an abnormal walking profile. Particularly the linear decline in walking speed on this test
shows a more robust association with subjective fatigue than mean walking speed. Dynamic walking parameters
may hence represent valuable clinical features, serving as surrogate measures of motor fatigue. Future studies are
needed to verify their prognostic value.

Keywords: Multiple sclerosis, Ambulation, Walking, 6 minute walk, 6MW, 12 minute walk, 12MW, Linear trend,
U-shape
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Background

A wide range of tests is available to measure walking
performance in patients suffering from Multiple Sclerosis
(MS; see Kieseier et al. [1] and Bethoux et al. [2] for recent
reviews). Among the most widely used tests are the timed
25 Foot Walk, which measures the time a patient requires
to cover a distance of 25 feet at maximum speed, and the
6 min Walk (6MW), which measures the total distance a
patient is able to cover walking as fast as possible for six
minutes. Particularly the 6MW is commonly administered
and has been shown to display external validity, as per-
formance on this test is associated with balance confi-
dence and stair-climbing ability [3].

The application of the 6MW has consistently revealed
that MS patients may display considerable walking deficits.
Further, abnormal physiologic responses during walking
performance were reported. Savci et al. [4] for example
observed a significantly lower mean walking speed during
the 6MW in MS patients (n =30, score on the expanded
disability status scale [5] EDSS=1.5 — 6.0) compared to
controls (n=30). The same pattern was observed by
Chetta et al. [6], who additionally reported reduced cardi-
orespiratory fitness, i.e. decreased oxygen pulse and ineffi-
cient ventilation, as reflected in an impaired breathing
pattern in MS patients (n =11, EDSS =1 — 3.5) compared
to controls (n = 10). These differences were observed des-
pite normal cardiopulmonary function at rest.

According to Motl et al. [7], even mildly disabled MS
patients may differ significantly from healthy controls in
their mean walking speed on the 6MW. Besides differences
in speed, a differential pattern of oxygen consumption
between the first and the second half of the test was
observed [8]. The authors concluded that different
metabolic systems may be relevant for performance
during the first and the second half of the 6MW.

Findings reported by Motl et al. [8] are particularly inter-
esting since parameters which are commonly derived from
walking tests (e.g. mean walking speed or total distance
covered) are not suitable to examine walking characteris-
tics which may vary during the test. In very few studies, an
attempt was made to examine dynamic walking features,
such as the progression of walking speed throughout the
test duration. In an early study, Schwid et al. [9] reported a
significantly lower median walking speed in MS patients
measured over a distance of 500 meters. MS patients how-
ever did not only walk slower, but also showed a consider-
able decrease in walking speed towards the end of the test,
whereas controls accelerated. Goldman et al. [10] exam-
ined velocity profiles of MS patients during the 6MW.
Results revealed that MS patients differed from healthy
controls in both, the mean walking speed as well as the
course of walking speed across the six-minute time span.
In case of the control group, a U-shaped velocity profile
was observed, with relatively high walking speed at the
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beginning of the walk, subsequent slowing and acceleration
towards the end of the test. In contrast, in MS patients
the acceleration toward the end of the test was attenu-
ated [10]. The U-shaped pacing profile has previously
been described as a common phenomenon in healthy
participants, warranted that the duration of the per-
formed activity is sufficiently long [11]. Hence, the
examination of dynamic characteristics, such as the
change in walking speed at different stages of the test
may provide further, clinically relevant information.

Findings on dynamic walking patterns are also of rele-
vance for the ongoing discourse, whether walking tests
could be shortened to provide economically optimized
assessment tools for ambulation in MS. Gijbels et al
[12,13] have suggested that an abbreviated version of 2
min duration may suffice to provide an estimate of walk-
ing ability. In their study, the authors reported a decline in
walking speed during the first three minutes and constant
pacing during the consecutive three minutes of the 6MW
in a sample of 40 MS patients (EDSS 1.5 — 6.5) [12].
Moreover a separately conducted 2MW showed the same
decline in mean walking speed per minute. Nevertheless,
findings by Schwid et al. [9], Goldman et al. [10] as well as
Motl et al. [8] are not necessarily consistent with this sug-
gestion and imply that shortening of the 6MW might re-
sult in the loss of potentially important information of
clinical relevance.

In this context, a further exploration of dynamic walk-
ing features in MS seems warranted. Even though the
observation of a specifically impaired walking profile
may be promising for future clinical applications, so far
only Goldman et al. [10] have provided information on
walking dynamics. The purpose of the current study was
to address this issue and to examine the walking dynam-
ics of MS patients more rigorously. In particular, the
intention was to replicate results by Goldman et al. [10]
and to apply further data analyses for a comparison of
walking profiles of MS patients and healthy participants.
Based on the suggestion that the duration of walking
needs to be sufficiently long to yield a U-shaped pacing
profile, in the current study, we examined whether the
6MW, as well as a 12 min Walk (12MW) would reveal
distinct dynamics in walking behaviour of MS patients
relative to healthy controls. We further collected self-
report data with regard to somatic fatigue, in order to
verify whether putatively abnormal walking dynamics
were related to patient's subjective constraints.

Methods

A group of 37 MS patients was recruited from the Depart-
ment of Neurology, Klinikum Bayreuth GmbH, Germany.
The comparison group consisted of 25 age-matched healthy
participants. Details regarding demographics and clinical
characteristics of the sample are displayed in Table 1. All
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participants provided written informed consent prior to
study entry and the study was approved by the ethics com-
mittee of the Bavarian Medical Association, Germany. Infor-
mation about clinical characteristics was extracted from
patients’ files held by the Department of Neurology. Walking
tests (6MW, 12MW) were administered by a single, highly
trained clinical examiner during one or two patient visits.
Patients completed the two walking tests in randomized
order, with at least 3 hours between the assessments. The
administration of the 6MW followed standard protocol
[14], with modifications suggested by Goldman et al.
[10]. For six minutes, participants walked back and forth a
distance of 20m, which was divided into 1m segments
marked on a wall. Distance covered during each minute
was assessed visually, based on the marked segments, by
an examiner equipped with a stop-watch. The examiner
was seated ten meters away from the midpoint of the walk-
ing distance and recorded the distance covered during each
minute. This setting was chosen over other methods, such
as accompanying the patient with a precise wheel, in order
to minimize a putatively confounding influence of the
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setting on the participants’ walking behaviour. The 12MW
followed the same procedure, with the only difference that
the walking duration was twice as long. Additionally, the
Wouerzburger Fatigue Inventory for Multiple Sclerosis
(WEIMuS) was implemented prior to the first test as a
measure of subjective somatic fatigue [15].

In order to gain information about walking dynamics
with regard to MS-related disability, in a first step, patients
were sorted into subgroups displaying moderate and mild
disability. Group membership was determined based on the
EDSS (Moderate MS Group, EDSS > 3.5, n = 18; Mild MS
Group, EDSS <4, n=19). Scores below 4 refer to patients
who are fully ambulatory, while scores between 4 and 5.5
refer with walking impairment who are able to walk at least
100m without assistive devices [5].

Statistical analyses were performed with SPSS 20.0.
Differences in mean walking speed (meters/minute)
between MS patients and controls were assessed by a two-
way repeated measures ANOVA with the within-subjects
factor Test (6MW, 12MW) and the between-subjects fac-
tor Group (Mild MS, Moderate MS, Controls). Given a

Table 1 Demographics, clinical information and health behavior

MS Patients (n=37) Controls (n=25) statistic p-value
Demographics
Age M(SD) 39.7 (12.8) 384 (11.9) 0.40° 0.69
Female sex, n (%) 28 (75.6) 18 (72.0) 0.11° 0.75
Health Behavior
Tobacco users, n (%) 14 (37.8) 6 (24.0) 131° 0.25
Body Mass Index, M(SD) 22.7 (5.7) 238 (3.8) -0.89% 041
Physical activity/week, n (%)
< Ix 10 (27.0) 7 (28.0)
1-2x 20 (54.1) 12 (48.0) 0.30° 0.86
> 3x 7 (189) 6 (24.0)
Clinical Information
MS course, n (%)
Relapsing-remitting 26 (70.3)
Secondary progressive 8 (21.6)
Clinically isolated syndrome 3 8.1)
MS Duration in years, M(SD)
Relapsing-remitting 64 (7.8)
Secondary progressive 64 (5.6)
EDSS median (range)
Mild MS 2 0-35
Moderate MS 4 4-5
MS treatment, n (%)
Yes 25 (80.6)
No 12 (19.4)
a t-test.

b chi square test.
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sample size of 60 participants, the use of this model yields
a detectable effects size of f = 0.2, when relying on levels of
a=0.05 and 3 = 0.8. The omnibus test was followed up by
two-sided t-tests with Bonferroni-corrected p-values to
avoid Type I error inflation.

More importantly, linear and quadratic trends in the
walking profiles were examined. In the data obtained in
the current study, a quadratic trend reflected the degree
to which the walking profile of each group approximated
a U-shaped pattern. The linear trend served as an esti-
mate of deceleration. The analyses explored, whether the
distance covered during each test minute varied through-
out the respective test, and whether putative linear and
quadratic trends differed between groups. To this end,
a repeated measures ANOVA with the within-subjects
factor Minute (6MW: 1-6; 12MW: 1-12) and the
between-subjects factor Group (Mild MS, Moderate
MS, Controls) was conducted separately for each test.a
In an additional analysis, Pearson correlations were
used to test for an association between subjective som-
atic fatigue (WEIMuS-Score) and walking parameters.

Results

Mean walking speed

Healthy participants walked significantly faster than both
groups of MS patients (see Table 2 for the total distance
walked). In particular, the examined groups differed in
their average walking speed, as revealed by a highly sig-
nificant main effect of Group [F(2,59) = 61.65, p < 0.001].
The ANOVA further showed that overall walking speed
was affected by walking duration, as indicated by a sig-
nificant main effect of Test [F(1,59) = 55.18, p <0.001].
The Group by Test interaction also reached significance
[F(2,59) = 3.34, p < 0.05].

Post-hoc comparisons indicated that the main effect of
Group was due to significant differences in walking
speed between controls and the Moderate MS Group as
well as significant differences between controls and the
Mild MS group in both tests. The pattern of group dif-
ferences was consistent across tests, albeit more pro-
nounced in the 6MW (Table 3).

Linear trend component: decline in walking speed

In the 6MW, patients continuously slowed down through-
out the test, and this decline in speed was significantly pro-
nounced relative to healthy controls (Figure 1). In particular,
the duration of walking affected the walking speed, as
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revealed by a significant main effect of Minute
[F(5,295) =57.76, p<0.001], with a highly significant
linear trend [F(1,59)=64.26, p<0.001]. The linear
trend, however, was differentially expressed across
groups, as revealed by a highly significant Minute by
Group interaction [F(2,59)=7.00, p<0.01]. Post hoc
comparisons indicated a significantly pronounced de-
cline of walking speed in the Moderate MS Group, rela-
tive to controls whereas the difference between
controls and the Mild MS Group was not significant
(Table 3).

The same pattern of a stronger decline in walking speed
in patients, relative to controls, was observed in case of the
12MW (Figure 1). In this case, analyses revealed a signifi-
cant main effect of Minute [F(11,649) =35.13, p <0.001],
with a significant linear trend [F(1,59) =46.08, p < 0.001],
which was differentially expressed across groups [F(2,59) =
21.54, p < 0.001]. For both groups of patients, the decline in
speed was significantly pronounced, relative to healthy con-
trols (Table 3).

Quadratic trend component: degree of observed U-shape
Overall, participants' performance approximated a U-
shaped velocity profile in the 6MW. However, the U-shape
was significantly attenuated in MS patients, relative to
healthy controls. In particular, there was a highly significant
quadratic trend [F(1,59) = 129.73, p < 0.001] which was dif-
ferentially expressed across groups, as indicated by a highly
significant Minute by Group interaction [F(2,59)=10.82,
p <0.001]. As displayed in Table 3, further testing showed
that the quadratic trend was significantly attenuated in
both, Mild MS and Moderate MS groups, relative to
healthy participants.

The general pacing profile also approximated a U-shaped
pattern in the 12MW. In this case the observed U-shape
did not vary across groups, and the overall significant
quadratic trend [F(1,59) = 89.82, p < 0.001] was not charac-
terized by a significant Minute by Group interaction
[F(2,59) = 1.90, p > 0.05].

Obtained walking dynamics and subjective somatic
fatigue

Within the MS group, the self-report parameter of somatic
fatigue [15] showed significant correlations with mean
walking speed [6MW: r =-0.38; 12MW: r =-0.36, p < 0.05,
respectively] and highly significant correlations with the lin-
ear decline in walking speed [6MW: r=-0.63; 12MW:
r =-0.56, p < 0.001, respectively] in both tests.

Table 2 Total distance covered during the 6MW and the 12MW

Controls (n =25) Mild MS (n=19) Severe MS (n=18)
Total distance covered in meters M sD M SD M sD
6MW 681 88 586 73 422 69
12MW 1305 157 1151 148 792 134
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Table 3 Mean walking speed, derived linear and quadratic trend components of walking dynamics

Controls (n=25) Mild MS (n=19) Statistic Severe MS (n=18) Statistic

M SD M SD T p M SD T p
6MW
Mean speed m/min 11344 14.59 97.71 12.20 3.80 0.000%** 7041 11.49 1040 0.000%**
Linear trend -042 0.55 -0.37 035 -0.33 0.745 -1.00 0.78 2.87 0.006**
Quadratic trend 052 022 032 023 290 0.006** 0.19 0.26 450 0.000%**
12MW
Mean speed m/min 108.75 13.10 1237 1237 3.31 0.002** 66.01 11.16 11.21 0.000%**
Linear trend -0.00 0.25 -022 033 252 0.016* -0.73 0.51 563 0.000%**
Quadratic trend 0.05 0.04 0.05 0.03 0.02 0.983 0.03 0.03 1.68 0.100

Comparisons performed between groups of Mild MS patients and healthy controls, as well as Severe MS Patients and healthy controls.

*p-value < 0.05 ** p-value < 0.01 *** p-value < 0.001.
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Figure 1 Velocity profiles of members of the Mild MS,
Moderate MS and healthy control group on the 6 min Walking

Distance covered is displayed in meters.

Test (6MW, top) and the 12 min Walking Test (12MW, bottom).

In order to verify, whether the association between the
linear decline and somatic fatigue was significantly stron-
ger than the association between mean walking speed and
somatic fatigue, Steiger's Z-test was used. This revealed
that self-reported somatic fatigue was more strongly asso-
ciated with the decline in speed than with mean walking
speed in the 6MW [6MW: Z=1.98, p<0.05]. In the
12MW, the difference between the strength of correlations
of self-reported somatic fatigue and walking behavior
(mean walking speed, linear decline in walking speed) did
not reach statistical significance [12MW: Z = 1.50, p > 0.05;
two-tailed]. For the control group no significant correla-
tions were obtained (all p-values>0.05). An exploratory
analysis further revealed that there were no significant cor-
relations between the self-report parameters and observed
quadratic trends (all p-values > 0.05).

Discussion

Walking tests are frequently used to examine ambula-
tion in MS patients [1,2]. However, analytic proce-
dures applied to data derived from walking tests, with
few exceptions [8-10], remained relatively superficial,
leaving temporal walking dynamics almost unex-
plored. We examined three characteristics of walking
behavior in two walking tests, comparing MS patients
of mild and moderate disability to healthy controls.
Besides the common parameter of mean walking
speed, velocity profiles included the linear and the
quadratic trend of walking speed during a 6 min
Walk (6MW) and a 12 Minute Walk (12MW). The
linear trend reflected a measure of deceleration over
time, while the quadratic trend estimated the degree
to which the walking profile of each group approxi-
mated a U-shape. With this analysis, we intended to
confirm and extend observations made by Goldman
et al. [10] who reported distinct patterns in the walk-
ing behavior of MS patients and healthy controls dur-
ing the 6MW.
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Mean walking speed

Firstly, our results are consistent with findings of Goldman
et al. [10], confirming that MS patients walked slower
than controls in both tests. In our sample, both,
mildly and moderately disabled MS patients displayed
attenuated walking speed, relative to controls. As MS
commonly affects ambulation, this observation is in
line with the extant literature [4,6,9]. The fact that
even MS patients with mild disability (Mild MS group)
differed significantly from controls in their mean
walking speed is noteworthy. This finding hints at an
early influence of MS on walking ability in the examined
sample and supports previous reports [7,10,16-18].

Linear trend in walking speed: mean decline

More importantly, results of the current study indicate
that differences in walking behavior between MS patients
and controls do not only manifest in mean walking speed,
but also in altered dynamic walking parameters.

MS patients with moderate disability slowed down more
rapidly than controls on both tests. Complementary,
MS patients with mild disability displayed a pro-
nounced deceleration in case of the 12MW. These
novel findings indicate that continuous deceleration, as
reflected by the linear trend in walking speed, repre-
sents an additional, clinically relevant feature of
impaired ambulation in MS patients. While for patients
with moderate disability, the 6MW represents a test
which is sufficient to detect this clinical feature, for
patients with mild disability, a considerably longer
walking duration, as in the 12MW, seems necessary.

The linear decline in walking speed was significantly
pronounced in patients, relative to healthy controls,
which indicates that deceleration represents a clinically
relevant feature. However, the current study provides
further original information on the utility of this parameter.
In particular, the linear decline in walking speed was
highly correlated with subjective somatic fatigue. This
provides convergent evidence, indicating that the pro-
nounced deceleration also represents a good estimate
of patients' subjective constraints. It is especially note-
worthy that linear deceleration showed highly signifi-
cant correlations with subjective somatic fatigue (all
p-values < 0.001), whereas the commonly used param-
eter of mean walking speed showed only minor associa-
tions with somatic fatigue (all p-values<0.05). Since
these correlations differed significantly from each other
in the 6MW?, linear deceleration may in fact represent
a more suitable parameter to assess somatic fatigue
than mean walking speed. This appears plausible, since
the dynamic notion of deceleration seems more congruent
with the phenomenon of motor fatigue, than the mean
walking speed. In sum, our results indicate that deceler-
ation reflects a potentially useful parameter, which is
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suitable for the assessment of somatic fatigue. As such, our
findings provide strong support for the notion of Goldman
et al. [10], who suggested to interpret the decline in walking
speed as an indicator of fatigue in MS patients.

Quadratic trend in walking speed: degree of observed u-
shape

We also found a U-shaped velocity profile (quadratic trend)
across both tests in all groups combined. A U-shaped
pacing strategy is a known phenomenon in healthy indivi-
duals [11]. As hypothesized, the degree of the U-shape was
attenuated in MS patients, relative to controls in the 6MW.
Even MS patients with mild disability showed an attenuated
U-shape relative to controls on this test. This indicates, that
the U-shaped profile can also be regarded as a clinically
relevant parameter in MS. However, compared to the
parameter of linear deceleration, it does not appear to be as
informative, since no association with subjective fatigue
was obtained and differences in the U-shaped pattern
between the studied groups were not found in the 12MW.
Nevertheless, since studies in which this dynamic charac-
teristic is utilized are sparse, the current work provides ori-
ginal results on a new, promising clinical feature, worthy to
be explored in more detail in the future.

Which walking test to use?

Recently, it has been suggested that a brief test including
only two minutes of walking (2MW) represents a suffi-
cient measure of walking ability in MS patients [12]. This
suggestion was based on a high correlation between the dis-
tances covered during the 2MW and the 6MW [12]. Given
this correlation, such a suggestion appears feasible when
considering the total distance walked. Nevertheless, results
of the current study suggest that the choice of which test to
use depends on the walking parameter which is supposed
to be assessed. For practical reasons, the parameter of mean
walking speed, or total distance covered during a given
amount of time, has received most attention in research on
ambulation in MS. The current study provides novel
findings, according to which further parameters can be
derived from standard walking tests, which are of high
clinical relevance. Particularly the linear trend, as a measure
of deceleration, appears to be promising as an estimate of
impaired walking ability, since it can be easily derived from
a standard walking test. However, since it is not necessarily
warranted to derive this measure from a test of only two
minutes duration, the current findings do not provide
direct support for the suggestion to drastically shorten
common tests. In line with this conclusion, Motl et al. [8]
have reported that a further putatively relevant parameter,
ie. oxygen consumption, does not reach a steady state
within the first two minutes of walking, but remains un-
altered only after the third minute. The latter authors sug-
gest that the 2MW functions as a measure of primarily
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anaerobic and the 6MW as a measure of primarily aerobic
performance. Based on our results obtained in case of the
6MW, particularly this test appears to be a feasible measure
to capture both, well established parameters, such as the
total distance walked, as well as parameters which vary
during the walking test. Our findings indicate that an ab-
breviation of the test duration might result in the loss of
potentially important information on dynamic walking be-
havior, which to date has remained relatively unexplored.
Dynamic parameters could serve as a means to increase
sensitivity of walking tests to abnormal walking behavior
within MS patients.

Limitations and future directions

In an innovative study Phan-Ba et al. [18] have recently
utilized the combination of a timed 500 meter walk
(T500MW) and a timed 25 foot walk (T25FW) to assess
deceleration in MS. The authors quantified deceleration
by computing a combined deceleration index, consisting
of the ratio of walking speed during the last 100 meters
of the T500MW and throughout the T25FW. The
authors suggest that such a ratio may be particularly
useful to assess ambulation impairment during late
stages of MS. Hence, future studies which distinguish
between MS subtypes and which explore methodological
means to derive further parameters of dynamic walking
characteristics may be warranted.

While the current results are in accord with this as-
sumption, they are to be interpreted in the context of
few limitations. In particular, it should be noted that the
quantification of walking behavior was achieved through
visual inspection by an examiner equipped with a stop-
watch. This setting was chosen over the one in which a
patient is accompanied by an examiner equipped with a
precise measurement wheel, to reduce a putatively con-
founding influence of the setting on walking perform-
ance. It is also the approach commonly used in the
clinic where the work was carried out. On the other
hand, it can be argued that visual inspection may also
have an effect on walking performance, and the use of a
measurement wheel would have provided a technically
more precise measure of walking speed. Hence, the
examiner could either have accompanied the patient
with the measurement wheel, or the patient could have
been equipped with the measurement wheel. Either
option may represent a useful alternative to the
method implemented in the current study. This fact
may be regarded as a caveat to the interpretation of
the current results.

Finally, it needs to be noted that the walking para-
meters explored in the current study imply an alter-
ation of the common nomenclature used in the
literature. Performance on walking tests is usually re-
ferred to in terms of the total distance covered during a
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given amount of time. For the use of walking behaviour
which changes throughout the test (e.g. deceleration) as
a test parameter, a nomenclature involving walking
speed appeared more feasible. Nevertheless, when it
comes to the interpretation of the current results, it
needs to be considered that this nomenclature does not
match the one of the extant literature on common
walking parameters.

Conclusions

Our findings highlight the necessity of thoroughly consid-
ering the diagnostic goal of a walking test. It is known that
the parameter of mean walking speed can be reliably
derived from relatively short tests, e.g. the 2MW [12].
However, this parameter might oversimplify the concept
of walking impairment, and only tests of longer duration,
such as the 6MW, can be used to derive dynamic para-
meters, which are potentially more informative. As an
augmentation to the current standard of measures of
walking ability, we contribute a method of quantifying dy-
namic walking patterns, such as the linear decline in walk-
ing speed (linear trend). The linear trend could serve as a
surrogate parameter of motor fatigue. It might be better
suited than the total distance walked because of its signifi-
cantly higher correlation with patients' subjective somatic
fatigue in the 6MW. Our results support the choice of a
longer test duration (12 min) only for MS patients with
mild disability (estimated by an EDSS score of less than 4).
A shorter test duration (6 min) appears to be sufficient to
examine dynamic walking characteristics in MS patients
with potentially more moderate deficits (estimated by an
EDSS score greater than 3.5). The early registration of
changes in walking ability is a key to therapy aimed at
minimizing the impairment of mobility. We recommend
further research to more thoroughly explore abnormal dy-
namic walking features in MS, and to establish normative
data for these parameters.

Endnotes

* The linear trend (first order polynomial trend com-
ponent) describes the mean slope of the velocity pro-
file [8]. An example of the calculation: D1, D2, ... Dn
reflect the distance covered during the first, second,
..., n-th minute of the walking test. Calculation of the
linear trend in the 6MW can be achieved with this for-
mula: LinearTrend®™V = ((-5*D1) + (-3*D2) + (-1*D3) +
(1*D4) + (3*D5) + (5*D6))/70 Different formulas were uti-
lized for the 12MW and the quadratic trend [19].

® The fact that the difference between the correlation
of linear trend of walking speed and subjective somatic
fatigue and the correlation of mean walking speed and
subjective somatic fatigue reached statistical signifi-
cance only in the 6MW but not in the 12MW may be a
power issue.
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Introduction and background

There is growing scientific interest in the
effects of martial arts on health. Most of
the research and literature available has
an Eastern background. Since the 1990s,
Western researchers, too, have increasing-
ly been focusing on martial arts. From a
sports science point of view, this research
was mainly directed at potential injuries
resulting from martial art practice (Burke,
Al-Adawi, Lee & Audette, 2007). From a
medical point of view, the health benefits
of martial arts have been receiving more
and more attention especially Tai Chi,
which is the most studied martial art by
far (Bu et al., 2010; Burke et al., 2007).

Why study Tai Chi?

In China, the health benefits of Tai Chi are
unquestioned as evidenced by the large
number of Chinese practicing Tai Chi ev-
ery morning and by the saying: “Tai Chi
helps to gain the pliability of a child, the
strength of a lumberjack and the peace of
mind of a sage.” The majority of scientif-
ic studies on Tai Chi focused on the im-
provement of health deficits in various ar-
eas (Field, 2011; Zhu, Guan & Yang, 2010).
The results of these studies suggest main-
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ly a positive effect of Tai Chi. However, the
mechanisms of inducing change via Tai
Chi practice are still unknown, and sev-
eral methodological difficulties were en-
countered. The main problem in review-
ing studies on Tai Chi is the great variabil-
ity in the target population, the study de-
sign, and the outcome parameters (Field,
2011; Zhu etal,, 2010). Bu et al. (2010) sug-
gested that the reason for this variability
lies in the inherent property of Tai Chi as
a body-mind-spirit exercise (as opposed
to being solely a physical exercise), point-
ing out the multidimensionality of its pos-
sible effects. Wayne and Kaptchuk (2008a)
elaborated on this idea, presenting a con-
ceptual framework of Tai Chi as a complex
multicomponent intervention. They point
out that while the effects of Tai Chi prac-
tice are researched more and more thor-
oughly, little attention has been directed
at evaluating how this research has been
conducted (Wayne & Kaptchuk, 2008b).

Content and goal of this article

Originally designed as a martial art in
ancient China, Tai Chi has been gaining
attention in both Eastern and Western
health-care research. The reviews found
on Tai Chi research focus mainly on the
extent of the effects attributed to Tai Chi
practice. We face a growing body of evi-
dence in favor of several health benefits
in various target populations. However,
neither firm conclusions were drawn nor
clear recommendations were developed
with regard to a well-directed practical ap-
plication of the concept referred to as Tai

Chi. So far, the question of how Tai Chi
was scientifically studied has received lit-
tle attention (Wayne, 2008b). This is strik-
ing, since the concept behind the name
Tai Chi is manifold and variable. This
variability poses distinct challenges to the
interpretation, generalization, and repeti-
tion of original research on Tai Chi inter-
ventions, and it may be the key problem
impeding the systematic generation of ev-
idence and practical implementations.

Against this background, our aim was
to examine the content and methodology
of studies on Tai Chi as a sport in health
care. We analyzed this issue in a problem-
centered article, comprising review-like
elaborations in two sections. We did not
conduct a systematic review of the health
benefits of Tai Chi practice, since this has
already been done elsewhere (Zhu et al.,
2010). Our intention was to address a
fundamental problem within Tai Chi re-
search: complexity. This problem was also
encountered in other health-care and be-
havioral interventions, and remains high-
ly debated in the current literature.

First, we provide an overview of Tai
Chi as a sport in general. In this section,
we outline the concept behind the rather
simple name Tai Chi, referring to the phil-
osophical background, historical develop-
ment, and principles of Tai Chi practice.
Second, we summarize how Tai Chi has
been studied as a type of sport in health
care to date. This section contains a re-
view-like exploration of the question on
how researchers have attempted to study
Tai Chi. We include a brief overview of
original research as well as a summary of
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reviews on the therapeutic potential of Tai
Chi. We then analyze seven original arti-
cles that offer a description of the Tai Chi
intervention in order to provide a back-
ground for further discussion. To this end,
we identified two pluralistic components,
namely, Tai Chi itself and the way Tai Chi
has been studied scientifically. Third, we
provide an overview of the current discus-
sion on complexity within health-care in-
terventions in general. In this section, we
focus on the problems inherent to the ter-
minology used in this debate, particular-
ly exploring the terms complexity, complex
intervention, complex system, and whole-
system research. Fourth, we discuss the
challenge of complexity within Tai Chi it-
self and within Tai Chi research. In this
section, we delineate Tai Chi as a com-
plex intervention and draw conclusions
regarding the research methodology in
this field.

What is Tai Chi?

Tai Chi is a living tradition with a long his-
tory. The current state of research on the
essence and development of the Tai Chi
tradition is unlimited and still in progress.
In this section, we provide a short outline
of the philosophy, historical development,
and core principles of Tai Chi. This over-
view aims to convey the idea of Tai Chi as
a multifaceted and variable art of move-
ment albeit with a rather simple name.

Terminology and philosophy

From a practical point of view, the core
of Tai Chi is the performance of defined
motions with respect to certain princi-
ples (Landmann, 2005, p. 30). In summa-
ry, these motions consist of defense and
attack techniques, which are carried out
rather slowly one after the other in flow-
ing and dance-like chains of motion. Such
choreography is called taolu, i.e., form, se-
quence. While the core principles of these
forms are similar, the movements and dy-
namics vary with respect to different tra-
ditional styles, choice of weapons, and
whether they are performed with or with-
out a partner.

The literal translation of Tai Chi means
“supreme ultimate.” In the Chinese philoso-
phy of Daoism, the term Tai Chi describes
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the concept of yin and yang, which is rep-
resented by the Tai Chi symbol (@). Yin
and yang characterize two opposite forc-
es joining and balancing each other in an
endless, dynamic interplay. In its original
meaning, Tai Chi describes a mountain’s
summit where the light side and shaded
side merge to become one. Similarly, it de-
scribes a roof ridge, carrying and uniting
both halves of the roof. In Chinese philos-
ophy, Tai Chi (as the concept of yin and
yang) is seen as the highest principle of
order within the cosmos. A teaching in
Daoism (wuwei) suggests not to interfere
with this natural course of nature by using
rough force, but to actively follow its path
to reach the destination desired (Anders,
Brauner & Zock, 2009, pp. 30-31).

In addition to this philosophic mean-
ing, the term Tai Chi was used to refer
to a Chinese martial art, which resem-
bles the principle of yin and yang in its
tighting technique. The general idea of
this technique is self-defense against su-
perior opponents by overcoming differ-
ences in strength and speed. Offensive
force (yang) is not answered with coun-
terforce (yang), but with drawback (yin)
and the intention of unbalancing the of-
fender and then diverting and redirecting
his force back to himself (yang). Landma-
nn (2005, pp. 293-294) questioned the be-
lief that the martial art Tai Chi was orig-
inally derived from the principle of yin
and yang, as suggested by Song and Bohn
(1991, p. 45). Landmann (2005, p. 291) as-
sumed that the common knowledge and
acceptance of philosophic principles may
have served as a suitable aid to explain and
justify the martial art Tai Chi and its dy-
namic principles.

To specify the form of Tai Chi martial
art, the type of weapon used is attached to
the term Tai Chi. For example, the use of
a sword (jian) results in the name Tai Chi
Jian, whereas unarmed Tai Chi is called
Tai Chi Chuan. The term chuan is de-
rived from shou (hand) and means fist, fist
fight, or boxing (Landmann, 2005, pp. 57-
58). Depending on the system of phonet-
ic translation used, the spelling varies: Tai-
jiquan (pinyin), T’ai Chi Ch’uan (Wade-
Giles system).

History of Tai Chi Chuan

Tai Chi Chuan is a living tradition and an
evolving art. Its original creator remains
unknown and its history is controver-
sially discussed. While Chinese history is
rich in written information on the life of
its governors and direct enemies, written
records on the life of the folk are scarce.
In its early phase of development, Tai Chi
Chuan was a secret martial art that was
passed down through generations and
had not yet been given the name it carries
today. The origin of the term “Tai Chi Ch-
uan” itself is not clear and was not estab-
lished until the 1920s with the first wave
of publications on Tai Chi Chuan. Most
of what is known today comes from oral
traditions in the form of narratives and
anecdotes, which were not written down
until the nineteenth or twentieth century
(Song & Bohn, 1991, p. 25). Since the
mid-nineteenth century Tai Chi Chuan has
been receiving increasing attention. The
practice grew with five main tradition-
al styles (Chen, Yang, Wu, Wu, and Sun)
and spread beyond the Chinese culture.
The main incentive to open originally se-
cret martial arts to the public may have
been the invention of firearms, against
which even highly developed fighting
techniques pose no threat (Filipiak, 2001,
p- 147). Most of the early literature on Tai
Chi Chuan was written in the late nine-
teenth century. Beginning with these pub-
lications, interest in the health benefits re-
sulting from Tai Chi Chuan practice grew,
while the original idea of self-defense be-
came less important (Landmann, 2005,
pp- 20-61).

Since the early twentieth century, more
and more manuscripts and lessons of Tai
Chi Chuan have been made available to
the public. To increase the suitability of
Tai Chi Chuan for the mainstream, the
original forms were shortened and simpli-
fied and new forms were developed along
with the establishment of official martial
art competitions (Buss, 2007, pp. 15-18).
In China, elements of Tai Chi are includ-
ed in musical theater performances. Ad-
ditionally, new forms of motion were in-
vented that carry the term Tai Chi in their
name, for example, Tai Chi dancing and
Tai Chi Bailong Ball (Buss, 2007, p. 21).
In this way, Tai Chi Chuan evolved to be-
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come both a competitive sport as well as
a popular sport and form of health en-
hancement exercise, earning increasing
attention as a subject in sports science.

Teaching Tai Chi Chuan today

The early manuscripts on Tai Chi Ch-
uan seem to originate from the repre-
sentatives of three of the main tradition-
al styles (Chen, Yang, Wu), having been
passed down through generations until
the early twentieth century. During the
process of traditional teaching, the forms
changed along with the Tai Chi masters,
each of them aiming to further develop his
abilities (Anders et al., 2009, p. 17; Land-
mann, 2005, p. 61). The change from the
direct tradition of Tai Chi Chuan (be-
tween a master and his few chosen stu-
dents) to the dissemination of Tai Chi
Chuan to the public via group lessons, led
by both masters and students, resulted in
an even greater variability in its teaching.
Therefore, the expertise of Tai Chi Chuan
instructors today is very difficult to assess.
Before the 1950s, the criterion of a good
teacher was the ability to develop and ex-
ert force (jin force) achieving high impact
without hurting the person being hit (An-
ders et al., 2009, p. 16). Since the number
of instructors who were not able to devel-
op this kind of force increased — while si-
multaneously the motive behind practic-
ing Tai Chi Chuan changed from martial
arts to health promotion - this criterion
of expertise became less important (An-
ders et al., 2009, p. 24; Buss, 2007, p. 21).

Instead, several instructors adopted the
Chinese way of legitimation via the tradi-
tional lineage, referring to themselves as
personal student of master X even if they
met him only twice a year (Anders et al.,
2009, p. 24). Additionally, several terms
are now being used to emphasize the qual-
ity of the Tai Chi Chuan taught (original,
authentic) and to imply a specific level of
skill (titles like sifu, master, and grand mas-
ter) (Kang, 2011). In an attempt to manage
the quality of Tai Chi Chuan lessons, sev-
eral associations were established.

Tai Chi Chuan principles

Landmann (2005, p. 61) argued that the
variability within Tai Chi Chuan practice
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may differ considerably in their content. The
variability poses difficulty in repeating the
intervention and drawing causal inferences.
This problem is discussed in the current liter-
ature under the term “complexity in health-
care interventions.” On the basis of a summa-
ry of this debate, we discuss the challenge of
researching Tai Chi from a complex perspec-
tive—with the aim of achieving solid results
that can be repeated.
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Zusammenfassung

Was bedeutet es inhaltlich und metho-
dologisch, Tai Chi als Intervention im Ge-
sundheitssport zu erforschen? Wir untersu-
chen das Konzept, das sich hinter dem Be-
griff Tai Chi verbirgt und stellen fest, dass
dieses Konzept hochst variabel und vielfal-
tig ist. Auf welche Weise findet diese Variabi-
litét in der Erforschung von Tai Chi als Inter-
vention im Gesundheitssport Beriicksichti-
gung? Wir untersuchen daraufhin, wie Tai Chi
bisher wissenschaftlich erforscht wurde und
ziehen die Zwischenbilanz, dass die Variabi-
litét der Interventionen kaum Berticksichti-
gung fand. Unsere beispielhafte Analyse von
sieben Interventionen lsst erkennen, dass
zwei Interventionen, die beide als Tai Chi be-

Forschung iiber Tai Chi im Gesundheitssport. Die
Herausforderung komplexer Interventionen

zeichnet werden, inhaltlich sehr unterschied-
lich sein konnen. Die Variabilitat stellt uns vor
die Schwierigkeit, die Intervention zu wieder-
holen und kausale Zusammenhénge abzulei-
ten. Dieses Problem wird aktuell unter dem
Begriff Komplexitét in der Gesundheitsfor-
schung diskutiert. Auf Basis einer Zusammen-
fassung dieser Debatte diskutieren wir die
Herausforderung, Tai Chi aus einer komple-
xen Perspektive zu erforschen — mit dem Ziel,
zu belastbaren Ergebnissen zu kommen, die
replizierbar sind.

Schliisselworter
Tai Chi - Gesundheitssport - Komplexitat -
Komplexe Intervention

might be a hint that the core of Tai Chi
Chuan is not the form itself, but the prin-
ciples that are carried within the form.
In his analysis of the early manuscripts
on Tai Chi Chuan principles, Landmann
(2005, p. 306) concluded that a thorough
summary of the kinematics of Tai Chi Ch-
uan may never be recovered and may have
never even existed.

Landmann (2005) presents four basic
concepts to describe the quality of motion
within Tai Chi Chuan. The concepts com-
prise the principles of yin and yang, gi, jin
force, and motion. As argued earlier, well-
known philosophic principles (such as yin
and yang) may have served as an aid to de-

scribe the characteristics of motion in Tai
Chi Chuan in China, but they pose great
difficulties to those who are unfamiliar
with these concepts (Landmann, 2005,
p. 306). The precondition to account for
all of the four concepts is awareness and
the conscious control of motion (Land-
mann, 2005, p. 298). As delineated earli-
er, the concept of yin and yang was used to
describe the dynamic qualities within Tai
Chi Chuan motions.

The term jin is used to describe a spe-
cial way of developing and exerting force
in Chinese martial arts. The ways of
achieving jin vary depending on the type
of martial art and its teachings (Anders
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the context of Tai Chi Chuan, the charac-  quan.” All studies that included at least a
2012 ter for qi is used to describe different mat-  pretest and posttest design were accept-
2011 ters. Landmann (2005, p. 294) concluded  ed. The search yielded 108 studies, start-
2010 that the term qi is mainly used to describe ~ ing with the year 1997. An overview of
2009 the effort of moving the body as a whole (as  these studies was made from the informa-
2008 N opposed to the isolated movement of sin-  tion given in the abstracts, taking into ac-
2007 gle parts) with the help of imaginationand ~ count the following aspects: year of pub-
2006 breathing techniques. lication, description of the intervention,
2005 F—— The remaining concept, motion, was duration of the intervention, target pop-
2004 controlled trial characterized by the following four ap- ulation, sample size, study design, study
2003 (N=68) proaches: motion as changing the body’s ~ arms, and outcome domains (see @ Tab. 1
2002 B (Cﬁzt;%l)led trial position in space, motion as changing the ~ for publications analyzed in Sect. 3.3, and
5001 0 Observational relationship of the body’s parts to each  the Appendix for the complete table). The
2000 study other, motion as changing the body’s  variability within the studies was very
1999 (N=17) o weight ratio, and motion as a counterpart ~ high, with the sample size ranging from 6
1998 Dg‘gsttz?tn tioned in to rest (Landmann, 2005, p. 297). to 1,200 and the duration of the interven-
1997 (N=3) tion ranging from 60 min to 12 months.
3 3 150 1=5 B Conclusion We noted a significant increase in the

Fig. 1 A Overview of the longitudinal studies
on Tai Chilisted in the PubMed database, with
respect to year of publication and study design

etal., 2009, pp. 31-32). In the literature on
Tai Chi Chuan, jin is translated as jin force
(Anders et al., 2009; Landmann, 2005) or
elastic force (Song & Bohn, 1991). In Tai
Chi Chuan, the concept of jin describes
the effort of achieving a special organiza-
tion within the body (Landmann, 2005,
p- 295). The achievement of jin depends
mainly on the optimal use of the body’s
elastic qualities, while the overall effect
of jin depends both on one’s own bodily
structure and the bodily structure of the
person hit (Song & Bohn, 1991). In special
constellations, this results in spectacular
events where the person hit is pushed sev-
eral meters away from the person exerting
jin, who then seems to possess superhu-
man strength. Anders et al. (2009, p. 24)
differentiate two distinct types of Tai Chi
practice, depending on whether the devel-
opment of jin is a specific goal of the prac-
tice or not.

The concept of gi has been subject to
many misunderstandings and mystifica-
tions. The Chinese character for qi has
been changing over the course of histo-
ry and was used to describe a variety of
microscopic and macroscopic phenom-
ena and concepts. It cannot accurate-
ly be defined or translated, and attempts
at translation remain vague and ambigu-
ous (Landmann, 2005, p. 80). Even within
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Taken together, these findings make it
clear that the art of Tai Chi has grown to
be a highly pluralistic type of exercise. The
practice and dissemination of Tai Chi de-
pend heavily on the fusion of tradition,
personal experiences, and development.
Moreover, the motives for practicing Tai
Chi - e.g., as a martial art, self-defense,
meditation, aesthetics, socializing, explo-
ration of a different concept of motion -
also play a major role. All the phenome-
na emerging from this variability are com-
monly referred to as Tai Chi. However, the
term Tai Chi itself does not denote which
of these phenomena is meant.

Researching Tai Chi in
health care

Scientific interest in the therapeutic po-
tential of Tai Chi has grown, leading to
an increase in the amount of original re-
search being published. The aim of this
section is to explore the following ques-
tion: Which areas has Tai Chi research
been directed toward and which way of
practicing Tai Chi has been assumed to
hold therapeutic potential?

How has research on Tai Chi
been conducted so far?

The database PubMed was searched in
March 2012 for longitudinal studies on Tai
Chi interventions, using the search terms
“Tai,” “Chi,” “Chuan,” “Taiji,” and “Taiji-

number of publications from 0 to 10-15
per year (8 Fig. 1). All but three of the
studies included in the analysis explored
the health benefits of Tai Chi on the ba-
sis of a variety of different conditions, fo-
cusing to a great extent on elderly persons
(8 Fig. 2). The abstract of most studies
did not specify the Tai Chi style or forms
used (B Fig.3).

How has Tai Chi research
been reviewed so far?

The database PubMed was searched in
September 2012, using the search term
“Tai Chi.” The search yielded 871 results.
Articles labeled as type “review” were se-
lected, generating 155 results. All articles
with the words Tai Chi or Taiji in their ti-
tle were selected consecutively, yielding
69 results. Articles not written in English
or German were excluded, thus leaving
64 articles for closer analysis (see Appen-
dix for complete table). These 64 articles
were published between 1998 and 2012. In
the majority of these studies, the health
benefits of Tai Chi were reviewed with re-
spect to particular target groups, led by
the elderly and persons with cardiovascu-
lar problems (see @ Fig. 4). The remain-
ing articles reviewed the health and ther-
apeutic benefits of Tai Chi in general, ex-
plored particular aspects of Tai Chi prac-
tice, provided information on Tai Chi it-
self, and reviewed methodological aspects
of Tai Chi research (see 8 Fig.5).

To gain insight into the way Tai Chi has
been reviewed as an interventional thera-
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Elders

Cardiavascular risk / disease

Knee osteoarthritis
Post-menopausal

Elevated blood glucose, diabetes type 2
Parkinson’s Disease

Osteopenia / osteoporosis

Breast cancer

Adults

Stroke survivors

Fibromyalgia

Chronic obstructive pulmonary disease
AIDS, HIV

Cancer

Low back pain

Lower limb disability

Obesity

Osteoarthritis

Peripheral neuropathy

Peripheral vestibular hypofunction
Planter sensory loss in diabetes
Prostate hypertrophy

Rheumatoid arthritis

Risk of cognitive decline

Sleep complants

Surgical intervention to knees, hips...
Traumatic brain injury
Vestibulopathy

Visual impairment.

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

intervention was labeled solely as “Tai Chi”

intervention was labeled as “Tai Chi

Tai Chi style and / or number of
postures taught during the intervention
were named

Qigong was included in the curriculum of
the Tai Chi intervention

tailored or Tai Chi based”

Intervention was labeled as “adapted, F 3

Fig. 2 < Absolute fre-
quency of longitudi-
nal studies on Tai Chi
found in the PubMed
database, with respect
to target population

— 2

program/ training/ exercise/ practice” _ "
I
I

Fig. 3 A Absolute frequency of longitudinal studies on Tai Chi found in the PubMed database, with re-
spect to description of the intervention provided in the abstract

py, we chose to examine the five reviews
focusing on health benefits of Tai Chi in
general.! In the following section, we pro-
vide a summary of these reviews, focusing
on their structure and main conclusions.

T We did not include the two reviews on
methodology in Tai Chi research. Both articles
delineated the challenge of complexity within
Tai Chi and are referred to in our discussion on
this topic in Sect. 5.

Klein and Adams (2004) conducted
a systematic and well-structured review
on the comprehensive benefits of Tai Chi.
First, they provided an overview of the
whole body of research identified through
three databases. They pointed out that the
amount and strength of evidence on Tai
Chi interventions had increased tremen-
dously from 1985 to 2003 and that a va-
riety of clinical populations were studied.
In summary, the literature reviews they

cited concluded that, although scientif-
ic evidence in favor of the health benefits
of Tai Chi was growing, further research
was needed. Additionally, in a 2004 re-
view, the methodological approach to re-
searching the effects of Tai Chi on balance
was criticized, addressing deficits in what
constituted the intervention and the re-
search protocols. Second, Klein and Ad-
ams (2004) conducted a systematic review
of 17 randomized controlled trials (RCTs)
published between 1990 and 2003, com-
prising a total of 1,035 subjects, interven-
tion durations ranging from 6 weeks to 12
months, and activity duration of less than
15 min to more than 60 min per session.
Klein and Adams (2004) reported Yang
style and simplified forms as the most fre-
quent characterization of the Tai Chi in-
tervention, provided that a description
was available at all. In more than 60 % of
the over 22 outcome areas examined, sta-
tistically significant benefits were report-
ed. Each study reported at least one sta-
tistically significant benefit. The most fre-
quent outcome measures were quality of
life and physical function. Klein and Ad-
ams stated that both measures are com-
plex and multidimensional constructs,
comprising a variety of different outcome
domains. Further outcomes focused on
pain, blood pressure, balance, immune
response, flexibility, strength, and kines-
thetic sense. Klein and Adams (2004) con-
cluded that evidence supports the poten-
tial of Tai Chi benefits in these domains.
They also pointed out that the evidence
at hand justified Tai Chi being explored
in the following domains: cardiac reha-
bilitation, chronic pain management, fall
prevention programs, health and wellness
intervention for individuals who are im-
mune suppressed, fitness exercise pro-
grams for the elderly, as well as exercise
precautions for arthritis-related condi-
tions.

Kuramoto (2006) conducted a research
review on the therapeutic benefits of Tai
Chi exercise. The review included 14 orig-
inal articles published between 1991 and
2004. No inclusion or exclusion crite-
ria for the studies reviewed were report-
ed. In this review, Tai Chi interventions
were summarized with respect to differ-
ent outcome domains, including pain re-
duction, balance and fall prevention, aer-

Sportwissenschaft 3 - 2013 ‘ 185

toc




46

4 Publications

Main articles

Elders

Cardiovascular problems
Bone health

Rheumatic disease
Cancer

Balance

Psychological wellbeing
Aerobic capacity
Torture, refugee trauma
Stress

Parkinson'’s disease
Nursing

Neck pain

Diabetes

Chronic conditions

Chronic Pain

Research methodology of Tai Chi J§ 2

information on Tai Chiin general | 1

Targeting particular aspects of Tai Chi
(meditation, biomechanics, intensity)

Health benefits of Tai Chi in general 5

Health benefits of Tai Chi with regard to
a selected target group

obic capacity, blood pressure, quality of
life, stress, sleep, and strength. A brief
summary was provided of the study de-
sign, methods, and results of the studies
included. No firm conclusion was drawn
regarding the strength of evidence. It was
concluded that there is a need for better
study designs, more longitudinal research,
as well as a focus on younger and middle-
aged people. Kuramoto (2006, p. 45) stat-
ed that “future studies should investigate
outcomes associated with Tai Chi train-
ing as a function of different instructional
techniques, different Tai Chi styles, differ-
ent groups and different age groups” and
that “it is not clear which of the compo-
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Fig. 4 < Absolute fre-
quency of review ar-
ticles on Tai Chi found
in the PubMed data-
base, with respect to
a selected target pop-
ulation

Fig. 5 < Absolute fre-
quency of review arti-
cles on Tai Chi found in
the PubMed database,
with respect to the
topic chosen for review

nents in Tai Chi makes the exercise espe-
cially effective.”

Jahnke, Larkey, Rogers, Etnier and Lin
(2010) conducted a well-structured, com-
prehensive review on the health benefits
of Qigong and Tai Chi. Using five data-
bases, they included 77 RCTs from 1993
to 2007 that focused either on Qigong or
Tai Chi interventions. The studies includ-
ed comprised 6,410 subjects and 163 dif-
ferent physiological and psychological
health outcomes. From these outcomes,
nine outcome categories were identified:
bone density, cardiopulmonary effects,
physical function, falls, balance and relat-
ed risk factors, quality of life, self-effica-

cy, patient-reported outcomes, psycholog-
ical symptoms, and immune- and inflam-
mation-related responses. Consecutively,
within each category, the studies includ-
ed were discussed with respect to control
groups, outcome measures, results, and
description of intervention as Tai Chi or
Qigong. Conclusions were drawn about
the strength of evidence for each category.
Jahnke et al. (2010) discussed the results
with respect to control groups and inter-
vention duration. They found that de-
signs that used an inactive control group
mainly resulted in significant differences
between treatment groups, while studies
that used an active control group mainly
found similar improvements in both treat-
ment groups and no significant differenc-
es. If the inclusion of an inactive control
group did not result in significant differ-
ences between treatment groups, the stud-
ies mainly included shorter intervention
duration (less than 12 weeks) and/or very
health-compromised participants. How-
ever, Jahnke et al. (2010) also reported on
three studies in which significant effects
occurred after an intervention duration
of only 8 weeks. The authors (2010) con-
cluded that interventions labeled as ei-
ther Tai Chi or Qigong yielded similar re-
sults. While fewer studies focused on Qi-
gong than on Tai Chi, the content of the
Tai Chi studies mainly seemed to be sim-
plified Tai Chi forms. Jahnke et al. (2010,
p- 12) explained that these simplifications
may result in exercise programs that are
more similar to Qigong than to Tai Chi
and “may be Tai Chi in name only.” The
authors concluded that these findings jus-
tified their claim of the equivalence of Tai
Chiand Qigong when researched with re-
gard to therapeutic value. As a main lim-
itation to this conclusion, Jahnke et al.
(2010) addressed the lack of detail re-
ported across the studies. A detailed de-
scription of the intervention could have
helped analyze to what extent the inter-
ventions included key elements of medi-
tative movement in their curricula (focus
on regulating the body, the breath, and
the mind). Moreover, a detailed descrip-
tion was necessary to assess the variations
in outcomes achieved. Jahnke et al. (2010)
suggested consistent reporting with regard
to dosing (frequency, duration and level
of intensity, estimate of metabolic equiv-
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alents) and motion (speed of execution,
muscle groups used, range of motion).

Field (2011) conducted a research re-
view on Tai Chi based on 71 articles (in-
cluding reviews) published between 1989
and 2010. No inclusion or exclusion crite-
ria were provided for the studies reviewed.
The review was structured according to
the following outcome domains: empiri-
cal support of Tai Chi being an aerobic ex-
ercise, other physical benefits, psycholog-
ical benefits, cardiovascular benefits, pain
syndromes, autoimmune conditions, and
immune function. Within these domains,
the results of different studies were sum-
marized and partly discussed with respect
to the intervention duration. Howev-
er, no conclusions were drawn regarding
strength of evidence and future research
attempts. Field (2011) drew attention to
the following methodological problems:
variability in the Tai Chi forms used, the
intensity of the Tai Chi protocol, higher
amount of prestudy and poststudy designs
compared to controlled trials.

Allen and Meires (2011) conducted a
brief review of the potential benefits of Tai
Chi practice for patients with chronic con-
ditions. Eight original articles published
between 2006 and 2009 were included.
No inclusion or exclusion criteria were
provided for the studies reviewed. The re-
view was addressed at primary care pro-
viders and encouraged the prescription of
Tai Chias therapy. Allen and Meires (2011)
concluded that Tai Chi could improve the
physical and mental well-being of patients
with chronic illnesses. They stated that
most of the effects in the studies occurred
after an intervention duration of 12 weeks
with two to three sessions per week.

In summary, the five reviews we an-
alyzed varied in methodological rig-
or. Klein and Adams (2004) and Jahnke
etal. (2010) closely followed a predefined
research question, providing conclusions
about the strength of evidence identi-
fied in the studies reviewed. Kuramoto
(2006), Field (2011) and Allen and Meires
(2011) summarized a variety of articles on
Tai Chi research, but did not draw con-
clusions about the evidence base. In all
five reviews, the presentation of the stud-
ies included was oriented toward differ-
ent outcome domains. We conclude that
this seems to be a reasonable way of deal-

ing with the variety of forms that Tai Chi
research is directed at. However, the sec-
ond variability, which is inherent to Tai
Chi, was not targeted in any of the five
reviews. Yet, the following methodologi-
cal problems were addressed: lack of de-
scription of the intervention (Klein & Ad-
ams, 2004; Jahnke et al. 2010), modifica-
tion of Tai Chi forms (Jahnke et al. 2010),
lack of information regarding the intensity
of the intervention (Field, 2011), variabili-
ty in forms used (Field, 2011, Jahnke et al.
2010), lack of association between content
and consequences (Kuramoto, 2010), and
complexity of outcome domains (Klein &
Adams, 2004).

How have Tai Chi interventions
been conducted so far?

In this section, we present an analysis of
seven studies reported in original arti-
cles that include a detailed description
of the Tai Chi intervention conducted
(8 Table 1). The goal of this summary is
to reflect how Tai Chi has been studied.
In particular, the intention was to look in-
to the way the study was organized as well
as which components the intervention
contained. The seven articles were select-
ed from the 108 original articles analyzed
previously (Sect. How has research on Tai
Chi been conducted so far?). Selection cri-
teria were sample size, intervention dura-
tion, and quality of reporting. The first
two criteria were selected with regard to
the level of organizational load and the
level of explanatory power. The third cri-
terion was aimed at the intervention and
was needed because of the poor descrip-
tion of the intervention protocol in most
studies (Wayne & Kaptchuk, 2008b). The
top seven studies providing the most de-
tailed information on the intervention
were chosen.

Analysis of the study design

Design All of the selected articles refer to
a target population with either a chronic
condition, Parkinson’s disease (no. 1), fi-
bromyalgia (no. 2), stroke (no. 7), osteo-
penia (no. 5), or advanced age (nos. 3-4,
6), which is related to chronic conditions
and diminishing physical function. This
distribution reflects the general distribu-

tion of populations targeted by Tai Chi re-
search (B Fig. 2). The number of partic-
ipants varied between 28 (no. 7) and 256
(no. 6). All of the studies reviewed were
designed as RCTs, although this was not
a predefined condition to be included in
the review. The number of experimental
groups varied between two (nos. 2-3, 5-7)
and three (nos.1, 4). All studies included a
Tai Chi group. Control interventions con-
sisted of resistance training, stretching,
wellness education, and Western exercise.
Noninterventional control groups includ-
ed attention control and wait-list/standard
care control. The duration of the interven-
tion was 3 months (nos. 2, 7), 6 months
(nos. 1, 3-4, 6), and 9 months (no. 5). The
assessment of outcome parameters was
conducted two (nos. 2, 7) or three times
(nos. 1, 3-6). A postintervention follow-
up was included in four studies (nos. 1-2,
4,6).

Aim and hypothesis Three articles pro-
vided a hypothesis (nos. 1-3). They hy-
pothesized that Tai Chi practice would
lead to improvements in the following do-
mains: postural stability (no. 1), balance
control (no. 3), pain, physical function,
psychological function, quality of life, and
sleep (no. 2). Study no. 3 also hypothesized
that Tai Chi learners would adopt a larg-
er stance width. The remaining four arti-
cles stated the aim of the study (nos. 4-7).
Two studies were aimed at evaluating safe-
ty and feasibility of the trial design and the
intervention (nos. 5, 7). Study no. 4 was
aimed at comparing the effects of Tai Chi
practice with Western exercise. Study no.
5 was aimed at exploring the effectiveness
as well as the mechanisms through which
Tai Chi might exert influence on bone me-
tabolism. Study no. 6 was aimed at assess-
ing the efficacy of Tai Chi on the fall inci-
dence of senior subjects.

Methods The outcome domains covered
physical function (balance, strength, and
endurance), cognitive function, condi-
tion-specific aspects (number of falls,
bone mineral density, questionnaires) as
well as questionnaires about habits and
psychological constructs. In addition,
possible mediators of effectiveness and
safety issues about both the intervention
and the study design were analyzed. The
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Table 1 Studies chosen for detailed analysis of methodology and Tai Chi intervention

feasible in chronic stroke: a

pilot study

No. Reference Title Duration  Study Sample Design  Study arms Outcome
(months) population size
1 Li, Harmer, Fitzger- Tai Chi and postural stabil- 6 Parkinson’s 195 RCT(3) TG resistance  Postural control
aldetal. (2012) ity in patients with Parkin- disease training,
son’s disease stretching
2 Wang, Schmid, A randomized trial of Tai 3 Fibro- 66 RCT(2) TC+UC UC Fibromyalgia Impact Ques-
Rones et al. (2010) Chi for fibromyalgia myalgia tionnaire (FIQ), physical and
mental components of the
SF-36 questionnaire
3 Yang, Verkuilen, Effect of combined Taiji 6 Elderly 49 RCT(2)  TC, wait list Somatosensory, visual, ves-
Rosengren et al. and Qigong training on control tibular ratios of the sensory
(2007) balance mechanisms: an organization test; quiet
RCT of older adults stance base of support, feet
opening angle
4 Taylor-Piliae, Newell,  Effects of Tai Chiand West- 6 Elderly 133 RCT(3)  TC Western Physical and cognitive
Cherinetal.(2010)  ern exercise on physical exercise, functioning
and cognitive functioning attention-
in healthy community- control
dwelling older adults
5 Wayne, Kiel, Buring  Impact of Tai Chi exercise 9 Postmeno- 86 RCT(2) TC+UC UC Bone mineral density, se-
etal. (2012) on multiple fracture- pausal (w) rum markers, balance
related risk factors in post-
menopausal osteopenic
women: a pilot pragmatic,
randomized trial
Wayne, Buring, Tai Chi for osteopenic 9 Postmeno- 86 RCT(2) TC+UC UC Bond mineral density, se-
Davis et al. (2010) women: design and ratio- pausal (w) rum markers, balance
nale of a pragmatic ran-
domized controlled trial
6 Li, Harmer, Fished Tai Chiand fall reductions 6 Elderly 256 RCT(2) TG stretching  Number of falls, balance,
etal. (2005) in older adults: an RCT risk for falling
7 Taylor-Piliae&Coull ~ Community-based Yang- 3 Stroke sur- 28 RCT(2) TCUC Safety, feasibility, study
(2012) style Tai Chi is safe and vivors satisfaction, adequacy of

outcome measures

TCTai Chi, UC usual care, RCT randomized controlled trials

mediators analyzed were larger stance
width (balance control), lumbar and hip
mechanical load (bone mineral density),
functional ability, and fear of falling (total
number of falls). The process of random-
ization was reported with varying details
and differed in design. Little information
was provided on the process of the inter-
vention and how it was monitored or eval-
uated. The procedure of tracking and in-
fluencing adherence rate varied consider-
ably. Only two studies included qualitative
measures of program acceptance, conduct-
ing exit interviews and reporting wheth-
er the participants enjoyed the interven-
tion (nos. 5, 7). None of the studies re-
viewed provided an evaluation of the in-
tervention by the participants or the expe-
riences of the Tai Chi instructor(s). None
of the studies reported whether the par-
ticipants intended to continue practicing
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Tai Chi. Two studies included the tracking
of program fidelity (nos. 1, 5). Four stud-
ies included the tracking of adverse events
(nos. 1,2,5,7).

Consequences Regarding the tendency of
effects observed in the Tai Chi groups, none
of the articles reported the incidence of se-
rious adverse events and all of the effects
observed tended to be favorable. In studies
comparing the Tai Chi group with a phys-
ical active control group, differing effects
were reported in the physical and cogni-
tive function measures (nos. 1, 2, 4, 6). In
four studies the amount of improvement
depended on the time of assessment (nos.
1-3, 6). The maintenance of intervention
gains was reported for the three studies,
which included a follow-up period (nos.
1, 2, 4). Five articles provide hints for fu-
ture research attempts (nos. 3-7). Two ar-

ticles suggested longer intervention peri-
ods, for example, to enable the detection of
maintaining function with increasing age
rather than showing improvement (nos.
4,5). Study no. 3 suggested increasing ad-
herence via the inclusion of short Tai Chi
forms (positive experiences, self-efficacy)
and structured contact with participants.
Topics suggested for future research in-
clude individual and combined effects of
Tai Chi components (no. 3), cost effective-
ness of fall prevention through a Tai Chi
intervention (no. 5), and mechanisms by
which Tai Chi induces effects (no. 5).

Analysis of the intervention

The selected studies were reviewed ac-
cording to the following framework,
which was developed on the basis of a
smaller framework provided by Li, Zhang
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Table 2 Framework used to analyze the intervention

Topic No. Reporting criterion

Definition ~ 0-1

How is Tai Chi defined by the authors?

0-2 What was the goal of the intervention?

Dose 1-12 How long was the intervention (weeks)?
1-22 Was the Tai Chi training center-based or home-based or both?
1-32 If center-based, how often was the Tai Chi training class held per week and how long did a Tai Chi training class last (minutes)?
1-4 How many groups were formed? How many people were in one group? How was the group fitted together?
1-5 Were the participants provided with information materials?
1-6 Did the participants have previous Tai Chi experience? How much?
1-7 How were the rest periods determined during the intervention?
1-8 Which was the minimum adherence rate required?

What attendance rate was achieved?

1-9 Did the participants practice at home?

Content 2-1°

What style of Tai Chi (Yang, Chen, Sun, etc.) was used in the intervention described?

session?

2-2° What did a Tai Chi training session consist of in the study? Were there any other non-Tai Chi exercises included in a Tai Chi training

2-3 Did the content of the class change with time?

2-42 Were the specific Tai Chi movements used in the training described and illustrated?

sized in the training?

2-52 What were the major components (i.e., slow movements, mental concentration, and deep breathing) of Tai Chi that were empha-

2-6 Did the participants progress as a group or as individuals?

2-7 Did the participants interact within partner tasks or to help each other?

2-8° Was the description of the control comparable to the description of the Tai Chi training?

Teacher(s) 3?2

What were the credentials of the Tai Chi instructors in the study?

Who held the class when the teacher was sick?

aAdopted from Li et al. (2011)

and Smith et al. (2011) (B8 Table 2). The
main domains analyzed included the in-
tervention’s definition, goal, dose, content,
and teacher. The extension of the domain
dose was based on recommendations by
Wayne and Kaptchuk (2008b) and by Zhu
etal. (2010), who pointed out the vague in-
formation on dosage and content provid-
ed in original research articles on Tai Chi.
The domains were extended focusing on
the information deemed necessary to re-
peat the intervention.

Definition The amount of information
given about Tai Chi itself varied consider-
ably between the studies. Study no. 6 did
not provide any information; study no. 1
limited the description of Tai Chi as being
a balance-based exercise. Four articles re-
ported a connection to China (nos. 2-5).
Three articles reported that Tai Chi was
connected to martial arts but did not re-
port on whether martial arts applications
were included in the intervention (nos. 2,
3, 5). The purpose of Tai Chi was report-
ed to be the cultivation of health (nos. 2,
5) and the improvement of physical per-

formance (nos. 3, 4). Four articles report-
ed on the elements of mindfulness, breath-
ing, and relaxation (nos. 2-4, 6). Two ar-
ticles described the quality of motion as
slow and gentle (nos. 2, 3). Two studies
were conducted against the background
of a specified interventional goal:? Study
no. 1 tailored a Tai Chi program focus-
ing on weight shifting, the controlled dis-
placement of the center of mass, and step-
ping in four different directions aiming to
tax balance and gait. The instructors were
trained in a 2-day workshop, but did not
receive any information on the objective
of the study and were excluded from data
collection tasks. Study no. 3 tailored a Tai
Chi program in the same manner, adding
range of motion, spinal rotation, and appli-
cability to the elderly. The reduced move-

2 Here, the goal of the Tai Chi intervention
itself is meant (as opposed to the aim of the
study that was addressed above). Reporting of
this criterion may help to distinguish between
a Tai Chi intervention as a means to achieving a
particular goal (such as balance improvement)
versus a Tai Chi intervention aimed at
practicing principles of Tai Chi.

ment set was justified by the likelihood of
positive experiences if the form was ac-
complished over a short period of time.
The program was designed and taught by
the principal investigator.

Dose Only three studies took previous Tai
Chi experience into account. Study no. 4 re-
ported whether the participants had pre-
vious Tai Chi experience. In two studies,
eligible participants who had practiced
Tai Chi within the last 6 months (no. 2) or
2 years (no. 5) were excluded. Only study
no. 7 reported the exact number and size
of Tai Chi groups. Across selected studies,
group size varied between six and 12 par-
ticipants; two articles did not provide any
information about group size (nos. 2, 6).
Study no. 5 did not form groups but of-
fered seven pre-screened Tai Chi centers
to the participants to choose from. The
assigned practice time varied between
24 x 60 min (no. 2) and 48 X 60 min+ 24
x 60 min +home practice (no. 4). The du-
ration of the intervention ranged from 12
(nos. 2, 7) to 48 weeks (no. 4). In six stud-
ies, a center-based class lasted 60 min;
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study 6 did not report on class duration.
Only studies 4 and 7 (same author) report-
ed on how the rest periods during the prac-
tice time were determined (chairs avail-
able to rest as needed). Three studies in-
clude practice at home (nos. 2, 4, 5). For
two of these, the information materials
that participants received as help and in-
centive were mentioned (nos. 2, 4). Study
no. 7 (not including home practice) re-
ported that participants received informa-
tion material after completion of the study.
Study no. 1 forbade participants to prac-
tice athome. All of the articles reported the
adherence rate. Two of them stated an ex-
pected adherence rate and mentioned by
how many participants it was met (nos. 1,
5). One article reported an exclusion pol-
icy for missed classes (no. 1). None of the
articles reported whether the participants
practiced at home or not.

Content The most frequent style of Tai
Chi was Yang; other styles were Chen and
Wu. All studies included short Tai Chi
forms of 7-24 figures. All articles provid-
ed information on the Tai Chi form taught,
including text (nos. 1, 3), articles (no. 1),
monographs (nos. 2, 4, 6, 7), and a you-
tube.com link (no. 7) as references. Six
articles reported different phases with-
in the class, including warm-up exercis-
es (nos. 1-4, 6, 7) and a cool-down phase
(nos. 1, 6, 7). The content of these phases
was not reported; only study no. 2 men-
tioned self-massage as part of the warm-
up phase. Four articles reported that the
form was taught gradually (nos. 1, 3,4, 7).
Only study no. 3 gave a detailed descrip-
tion of the training schedule, enabling
other researchers to repeat the interven-
tion accurately, but did not report wheth-
er the teacher and participants were com-
fortable with the program. Study no. 5 in-
cluded several Tai Chi centers that were of-
fering Tai Chi classes to the community,
and did not provide details of the content
of single Tai Chi classes. However, these
centers were selected on the basis of prede-
termined criteria, including essential cur-
ricular requirements, acceptable curricu-
lar components, and unacceptable curric-
ulum elements, all of which are reported
explicitly in the article. Four articles (nos.
3-6) reported Tai Chi-specific components
or principles taught during the interven-
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tion. The elements that were mentioned
in more than one article are body align-
ment or orientation, weight shifting, relax-
ation, and breathing. Further elements that
were mentioned include range of motion,
upright position, symmetry, coordination,
continuity, slow pace, meditation, concen-
tration, awareness, attention to feeling, in-
attention to thoughts, attitude/happiness,
interaction with the world, and transfer to
daily activities. Study no. 5 listed the ele-
mental techniques of Tai Chi motion (e.g.,
peng, lu, ji,and an). Only study no. 6 men-
tioned musical accompaniment in the Tai
Chi classes. None of the analyzed arti-
cles reported whether there were partner
or group activities involved in the Tai Chi
lessons. Only study no. 5 mentioned that
gentle interactive Tai Chi exercises such
as “sensing hands” were allowed. None of
the articles reported on whether partici-
pants progressed as a group or individual-
ly and whether individual tailoring was al-
lowed or if there was a specific aim of the
program. None of the articles mentioned
group dynamics.

Teacher Five of the reviewed articles em-
phasized the experience of the Tai Chi in-
structors, reporting the title of “master”
(no. 2) and “grand master”(no. 4) and/or
several decades of practice time and teach-
ing experience (nos. 3, 5, 7). Study no. 6
described the instructor as “experienced”;
study no. 7 reported the choice of a char-
ismatic Tai Chi instructor as a strategy to
increase adherence. Exit interviews in this
study did not address the relationship be-
tween teacher and participants, but re-
vealed that overall satisfaction was high.
Study no. 5 allowed classes led by junior
instructors supervised by a senior instruc-
tor; study no. 1 did not list the credentials
of the Tai Chi instructor, but a 2-day train-
ing workshop for the instructors was in-
volved. Two studies involved teaching as-
sistants: Study no. 3 involved a different
teaching assistant at each location, while
study no. 7 involved a registered nurse.

Conclusion

The aim of this section is to explore how
Tai Chi has been researched scientifical-
ly, keeping in mind the manifold con-
cept and the variability behind the name

Tai Chi, which we outlined in Sect. 2. We
asked the question: To which domains
has Tai Chi research been directed at and
which way of practicing Tai Chi was as-
sumed to hold therapeutic potential?

In the first step, we explored original
research on the potential of Tai Chi as a
sport in health care, focusing on the ab-
stracts of longitudinal studies only. Our
findings confirmed that scientific interest
in Tai Chi has been rising. Tai Chi was hy-
pothesized to hold the potential of help-
ing with a wide range of health deficits in
a variety of different outcome domains.
This pluralistic research into multiple di-
rections was unified by the common goal
of pinpointing therapeutic potentials held
by a concept that was simply referred to as
Tai Chi. However, as shown in Sect. 2, the
common ground in the terminology used
(“Tai Chi”) does not necessarily imply a
common ground in the phenomenon re-
searched. To this end, we identified two
aspects of Tai Chi research that are highly
variable: The first is the manifold concept
of Tai Chi itself. The second is the multi-
tude of directions that original Tai Chi re-
search has followed.

In the second step, we explored how
original Tai Chi research has been re-
viewed so far, focusing on the therapeutic
benefits of Tai Chi in general. We found
that the authors organized their manu-
scripts according to the different outcome
domains of Tai Chi research. In doing so,
they dealt with the multitude of domains
that Tai Chi research has examined. How-
ever, none of the reviews we analyzed tar-
geted the variability within Tai Chi prac-
tice itself’, which may be a result of the
poor descriptions of the interventions.
Simplified forms of Yang style Tai Chi
seemed to be used most frequently.

In the third step, we analyzed seven
original articles that provided a detailed
description of the intervention. We ap-
proached the articles from two perspec-
tives: (a) design of the study and (b) con-
tent of the intervention. We found a very
high variability in both approaches. Our

3 Areview on the variability within Tai Chi
practice could investigate the hypothesis of
the study, styles, and forms researched, the
intensity of the program, the methodology of
teaching, or the reaction of the participants,
for example.
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aim was to provide an example of how Tai
Chi interventions have been conducted.
We intended to explore whether the vari-
able concept behind the name Tai Chi has
in turn led to a variable interventional im-
plementation. The answer to this question
is rather simple: yes.

In conclusion, we show that two in-
terventions that are referred to as Tai Chi
are not necessarily the same. In addition
to the multitude of directions that Tai Chi
research has followed, the way the inter-
ventions were conducted may have been
(and might prospectively be) just as man-
ifold. This poses distinct challenges to the
generalizability and reproducibility of the
studies’ results. The problem of variability
is discussed in the current literature under
the term “complex interventions,” which is
explored in the following section.

Dealing with complex
interventions

Complexity is a phenomenon encoun-
tered in the fields of behavioral science
and health-care research. The challeng-
es complexity poses to scientific analysis
of change induction remain highly debat-
ed. The primary aim of the following sum-
mary is to provide an overview of this dis-
cussion. In particular, the intention is to
clarify the meaning behind the terms com-
plexity, complex intervention, complex sys-
tem, as well as whole-system research and
to highlight the challenges presented by
these terms.

What makes complex
interventions complex?

The key feature of complex interventions
is their multiple, interacting components
(Dieppe, Macintyre, Michie, Nazareth &
Petticrew, 2008). In the effort to systemat-
ically describe the properties of complex
interventions, researchers adopted con-
cepts from the field of systems theory and
complexity science (Heng, 2008; Rickles,
2009). Repeatedly, the term complex in-
tervention has been used along with the
terms complex systems and whole-systems
research (Heng, 2008; Paterson, Baarts,
Launse & Verhoef, 2009; Walach, Falken-
berg, Fonnebg, Lewith & Jonas, 2006).

The components of an intervention
were characterized with respect to the fol-
lowing properties: contribution to the inter-
vention’s success, place in the causal path-
ways, dynamics and interaction. In their
definition, the Medical Research Council
emphasized the contribution these compo-
nents make to the intervention’s success:
Complex interventions comprise
“a number of separate elements which
seem essential to the proper functioning
of the intervention although the ‘active in-
gredient’ of the intervention that is effec-
tive is difficult to specify. [...] The great-
er the difficulty in defining precisely what,
exactly, are the ‘active ingredients’ of an
intervention and how they relate to each
other, the greater the likelihood that you
are dealing with a complex intervention.”
(Medical Research Council, 2000, p. 1)

A closer look at the causal pathway allows
for the differentiation of two distinct qual-
ities of exerting influence: namely, media-
tion and moderation of variables or treat-
ment effects. “The term ‘mediator’ is com-
monly used for a variable on a causal path-
way, and ‘moderator’ for a variable which
modifies the strength of part or all of a
causal pathway” (Emsley, Dunn & White,
2010, p.238). Rickles (2009, pp. 81-82) dis-
tinguished simple causal chains from com-
plex causal chains: Within simple causal
chains the effect is so great that no vari-
able is strong enough to change the out-
come (e.g., death following a direct shot
in the heart). In other words, the causation
in simple causal chains is robust and in-
sensitive to context, whereas within com-
plex causal chains, the effect can be influ-
enced by several cofactors (e.g., death fol-
lowing smoking cigarettes). The causation
in complex causal chains is fragile and sen-
sitive to context.

Blackwood (2006, p. 619) pointed out
the dynamic properties that are inherent in
the components, distinguishing between
constant components and variable com-
ponents: “Constant components are the
components defining the functions (what
needs to be done), and the form of these
can be adapted to suit the particular con-
text (how it is to be done). Variable com-
ponents are those which are contextual
and intangible.” He argued that these need
to be identified and operationalized be-

fore conducting a definite trial “in order to
determine whether the effectiveness of the
intervention is due to the measured fea-
tures of the intervention (constant com-
ponents) or distinctive features of the site,
staff or their interactions (variable com-
ponents)” (Blackwood, 2006, p. 619).

The interaction between the interven-
tion’s components is characterized by the
differentiation of several dimensions, in-
cluding interactions, behaviors, group/or-
ganizational levels, variability, and flexibil-
ity permitted (Dieppe et al., 2008). Shiell,
Hawe and Gold (2008) suggested differ-
entiating between complex interventions
and interventions into complex systems.
According to Shiell et al. (2008, p. 1282),
the characteristics of complex systems in-
clude: “the tendency to be self-organiz-
ing, be sensitive to initial conditions, [...]
make non-linear phase transitions [...];
the existence of emergent properties; [...]
the importance of interaction effects and
feedback” (Rickles, Hawe & Shiell, 2007).

The key question raised in the dis-
cussion of complex interventions is how
complexity fits into well-established re-
search standards, such as RCTs, and the
underlying quest for causal inferences
about the intervention strategy (Rick-
les, 2009; Ritenbaugh, Aickin, Bradley,
Caspi, Grimsgaard & Musial, 2010; Ver-
hoef, Lewith, Ritenbaugh, Boon, Fleish-
man & Leis, 2005). “There is consider-
able agreement that the classical pharma-
cological RCT model alone is not suffi-
cient. Yet there does not seem to be uni-
versal agreement on what should be do-
ne instead” (Boon et al., 2007, p. 283). In
this context, the term whole-system re-
search was introduced, primarily in the
field of studying complementary alterna-
tive medicine. According to Ritenbaugh
et al. (2010, p. 131), the term whole-sys-
tem research evolved from the attempt to
grasp and analyze the mechanisms of ho-
listic health-care approaches, intending to
gain “a more holistic idea of the magni-
tude of impact of these interventions and
how they worked,” which is difficult to ac-
complish solely via RCTs.

In the scientific discussion about com-
plexity in health care, several ideas and
guidelines about the development, evalu-
ation, and implementation of complex in-
terventions have been published and dis-
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cussed (Blackwood, 2006; Campbell et al.,
2000; Dieppe et al., 2008; Boon et al.,
2007).

What problems evolve
from complexity?

The main problem complexity confronts
us with is its inherent difficulty to be de-
scribed, analyzed, understood, and pre-
dicted. A key question in this discussion
is the applicability of RCTs in evaluating
the phenomenon of complexity. RCTs
were designed with the intention of elimi-
nating sources of bias within trials in or-
der to allow for causal inferences. Since
the RCT is ranked highest on the pyra-
mid of the evidence system (only topped
by meta-analysis of RCTs), it has become
the gold standard of evaluating medical
treatment approaches.

“For the author it is clear that the evi-
dence-based approach has changed the
way we do things, not least because ev-
ery politician now has to slide the phrase
‘evidence based’ into any policy proposal,
but it is much easier to show a direct effect
in acute pain than it is in palliative care.”
(McQuay, 2011, p. 396)

As implied by the last clause of this quo-
tation, the evaluation of pharmacologi-
cal treatments has repeatedly been used
as a counterexample in the discussion
on the fit between RCTs and complex in-
terventions (Paterson et al., 2009; Shiell
et al., 2008; Verhoef et al., 2005; Walach
et al., 2006). In a round table discussion
on methodological challenges in whole-
systems research, Elder et al. (2006, p. 843)
emphasized a possible consequence of this
exclusionary focus on RCTs: “My impres-
sion is that some people who publish in
early phase research are trying to make
their research look like a phase III ran-
domized clinical trial.”

The process of randomization by itself,
however, does not necessarily eradicate all
sources of bias, allowing for causal conclu-
sions and direct transfer into practice. The
basic assumptions and objectives of con-
ducting an RCT should be kept in mind.
According to Walach et al. (2006), these
assumptions include: (1) It is not known
which of the alternative treatments is bet-
ter. (2) Patient and provider are indiffer-
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ent to the choice of treatment (equipoise).
(3) The goal is to identify specific effects.
(4) The goal is to determine a stable effect
size independent of context (efficacy). (5)
The finding of efficacy in an RCT is read-
ily transferable into clinical practice (ef-
fectiveness), if the inclusion and exclusion
criteria match the characteristics of a giv-
en patient. In their article, Walach et al.
(2006, p. 2) drew the conclusion that “all
of these assumptions are problematic and
sometimes false in complex interventions”
and suggested that while being “useful for
the evaluation of new pharmacological
agents [...] even in that situation often
only some of the assumptions are met.” A
significant consequence is the decline in
generalizability (external validity).
Firstly, the multitude of interacting
components found in more complex in-
terventions impedes true equipoise prior
to the trial (Walach et al., 2006). Secondly,
the beliefs, expectations, and preferences of
patients and providers can play an impor-
tant role in modulating treatment effects.
If a trial does not account for this compo-
nent of an intervention, it cannot provide
an accurate estimation of treatment effects
in clinical practice (Walach et al., 2006).
Thirdly, the postulation of a controlled en-
vironment and process with the aim of in-
creasing internal validity results in a lim-
itation of external validity (Walach et al.,
2006). In particular, the standardization
of complex interventions may not only be
hard to achieve but also compromise the
therapeutic process under scrutiny (Bird,
Arthur & Cox, 2011; Carter, 2003). Fourth-
ly, in an RCT, the inference of the specific
efficacy of a particular treatment is made
upon the comparison with a placebo that
is known to have no specific effect (e.g., a
sugar pill). However, this procedure cannot
simply be transferred to a complex inter-
vention. A complex sham treatment would
be necessary, whose inefficacy might be
just as hard to prove as the efficacy of the
complex intervention under investigation.
If no evidence exists on the amount of ef-
ficacy of a control treatment, the effica-
cy measured for the verum treatment can
only be understood as relative efficacy (EU
High Level Pharmaceutical Forum, 2008).
Moreover, the unspecific effects evolv-
ing from the context of an intervention
can be much stronger than the specific

effects ascribed to a treatment (Walach
etal., 2006). In particular constellations of
specific and unspecific effects, the results
of RCTs can lead researchers to wrong
conclusions about the true impact of a
treatment. Walach et al. (2006, pp. 3-4)
referred to this constellation as the “effi-
cacy paradox,” presenting several exam-
ples to explain the phenomenon.

How could we solve
these problems?

In an effort to clarify the property of com-
plex matters, the term simple is suggested
as counterpart, e.g., pharmaceutical treat-
ment versus a rehabilitation program (Pa-
terson et al., 2009). However, objections
were raised, stating that these simple mat-
ters may also become complex at a clos-
erlook (Petticrew, 2011). Glouberman and
Zimmerman (2002) distinguished three
attributes to a problem: simple, complicat-
ed, and complex. In summary, from sim-
ple to complicated to complex, there is an
increase in the effort necessary for under-
standing, a decrease in the level of con-
trol, as well as a decrease in predictabili-
ty of the outcome in relation to the input.
Prediction of the outcome depending on
the input is a key question in the analysis
of complex systems. In the effort of learn-
ing how a complex system works, what
role its elements play in the process, and
how it can be manipulated, it is essential
to search for universal laws and phenom-
ena (Bar-Yam, 2003).

The question on ways of increasing
external validity remains debated: On the
one hand, suggestions were made to in-
clude alternative trial designs, such as case
studies (n -1 trials) and pragmatic? trials
(Ritenbaugh et al., 2010, Verhoef et al.,
2005). A well-structured, thorough review
on the issue of preferences within RCTs
was conducted by King et al. (2005). Ob-
servational studies are a valuable alter-
native to RCTs in case of strong prefer-
ences, ethical objections, or if the analy-
sis includes known confounders of treat-
ment outcome—such as strength of pref-

4 Pragmatic trials aim to better reflect

clinical practice in real life than standardized
explanatory trials are able to and they allow for
individualized treatment approaches.
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erence (King et al., 2005). A way of track-
ing the potential influence of the process
and context on the results/outcomes of a
trial could be a qualitative arm embedded
in the study. On the other hand, the in-
formation value of systematic reviews on
complex interventions was put up for dis-
cussion, asking whether these designs re-
ally lead to a better understanding of the
evidence at hand and suggesting to rely on
the whole bandwidth of evidence creating
designs while simultaneously increasing
the quality of theory development, plan-
ning, conducting, and reporting of com-
plex interventions (Miihlhauser, Lenz &
Meyer, 2011).

A helpful comment on the discus-
sion about complexity in health-care re-
search was made by Petticrew (2011). He
suggested changing our view of complex-
ity as an inherent property of a problem to
complexity as our perspective on the prob-
lem, emphasizing that it can be helpful to
treat complex problems “as simple, in or-
der to answer appropriately simple ques-
tions” (p. 397). Depending on the ques-
tion asked, the solution may be more dif-
ficult or less difficult to find and might
even turn out differently for different per-
spectives (Petticrew, 2011). A rather simple
perspective may be the view of an econo-
mist, comparing “the value of what goes in
(the resources) with what comes out (the
outcomes),” as described by Shiell et al.
(2008, p. 1282). Whereas a rather complex
question may be posed at the individual
level: “What works for whom, in what cir-
cumstances, in what respects, and how”
(Paterson et al., 2009, p. 7). The question
should clarify the goal of the investiga-
tion and allow for a discussion about the
choice of methods necessary to find a so-
lution.

The bridge between efficacy and effec-
tiveness cannot be built via RCTs. Ifan in-
tervention works in real life it needs to be
evaluated with designs of a higher exter-
nal validity than RCTs. Patsopoulos (2011,
p- 223) recommended sensitizing stake-
holders in health care to the “pragmatic’
concept.” Simultaneously, he warns that
this approach should not be achieved at
the expense of experimental trials, be-
cause depending on our research ques-
tion “we need them both” (p. 223). Walach
etal. (2006) advocate a circular view of ev-

idence synthesis to replace the traditional
hierarchy, indicating that internal validity
and external validity need to be balanced
by the use of a variety of study designs,
which cannot be achieved solely by RCTs.
“The important point is not whether a
study is randomized or not, but whether
it uses a method well suited to answer a
question and whether it implements this
method with optimal scientific rigor”
(Walach et al., 2006, p. 5).

Conclusion

The discussion about complexity is entan-
gled with the discussion about the limi-
tations of RCTs.® This might be because
an RCT asks simple questions, even about
complex problems. If the perspective and
the research question are more complex,
different study designs might be better
suited than the RCT; however, these de-
signs will not simultaneously be able to
give the same answers as RCTs could.
Thus, researchers need to choose from
which perspective they want to approach
their problem. Helpful in this undertak-
ing will be the quality and completeness
of previously conducted research and re-
ported data available (Elder et al., 2006;
Institut fiir Qualitit und Wirtschaftlich-
keitim Gesundheitswesen IQWiG), 2011;
Miihlhauser et al., 2011).

Insummary, Tai Chi research mayhave
been studied from a too-simple perspec-
tive. In the attempt to gain further infor-
mation on how to repeat therapeutic ef-
fects and on the way Tai Chi works, a more
complex perspective is needed. The prop-
erties ascribed to complex interventions
could also apply to a Tai Chi intervention
and could guide the attempt of achieving
a more specified and detailed description
of the intervention. The problems arising
from a complex perspective may then al-

5 The goal of the summary was to clarify the
problems that are addressed with the term
complex intervention. Since the limitations of
RCTs are tightly connected to the discussion
on complexity within healthcare interventions,
they form a major part of this summary. As our
overview is oriented toward the challenges of
complexity, we refrained from summarizing
the importance of RCTs for inferential
conclusions. We affirm that this section is not
intended to question the legitimation and
importance of RCTs in general.

so apply to Tai Chi research. The follow-
ing section discusses the appropriate re-
quirements.

Discussion: researching Tai Chi
in health care—the challenge
of a complex intervention

Tai Chi is an elusive concept with a long
history. It is profoundly rooted in phil-
osophic principles and has developed
to a variety of styles and teaching tradi-
tions with a broad target group. Behind
the rather simple name Tai Chi, we found
a highly variable and still evolving art of
movement. Research on Tai Chi has been
conducted in a variety of directions, in-
cluding health deficits, health benefits,
target groups, and outcome domains. De-
spite the growing body of evidence, no
firm conclusions have been drawn. The
challenge of processing the information
available on Tai Chi research may result
from the complexity inherent in Tai Chi.
Against this background, we examined
the content and methodology of studies
on Tai Chi as a sport in health care.

In summary, there is a need for an in-
creasing awareness of the variability and
complexity inherent in Tai Chi. The main
consequence of this awareness should be
the amelioration of the quality of report-
ing. A better description of the interven-
tion’s content could be the first step to-
ward exploring cause-effect relation-
ships. Knowledge of this field could con-
tribute to the generation of recommenda-
tions and a systematic implementation of
Tai Chi in health care. In order to achieve
a systematic description of Tai Chi inter-
ventions, there is a need for further meth-
odological research in this direction. Les-
sons learnt from complexity science in
health care could guide the attempt to
systematically describe the intervention’s
content. Additionally, they could con-
tribute to the choice of adequate research
questions and trial designs.

In the following section, we provide
a complex perspective on the descrip-
tion and scientific analysis of Tai Chias a
sport in health care, transferring the chal-
lenges of complex interventions (as de-
fined in Sect. 4) to Tai Chi interventions.
The key feature of a complex intervention
is the composition of multiple, interacting
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elements. Wayne and Kaptchuk (2008a)
identified the following eight compo-
nents as an integral part of Tai Chi inter-
ventions, providing a detailed description
in their manuscript: (1) musculoskeletal
strength, flexibility, efficiency, (2) breath-
ing, (3) concentration, attention, mind-
fulness, (4) imagery, visualization, inten-
tion, (5) physical touch, massage, subtle
energy, (6) psychosocial interactions, (7)
alternative health paradigm, philosophy,
spirituality, (8) ritual, icons, environmen-
tal effects. These components may differ
in emphasis and synergetic interaction de-
pending on the curriculum as well as on
the experiences of the Tai Chi instructor
and the participants. Many of the com-
ponents are inseparable and their contri-
bution may change over the duration of
practice (Wayne & Kaptchuk, 2008b). The
variability of elements and their interac-
tions impedes the allocation of therapeu-
tic effects to the activity of distinct compo-
nents. This difficulty to pinpoint the com-
ponents’ contribution to the intervention’s
success characterizes Tai Chi as a complex
intervention.

In the attempt to systematically describe
a Tai Chi intervention, the properties as-
cribed to the components of complex in-
terventions may be suitable. Firstly, the
dynamic properties of elements included
should be considered. Constant compo-
nents may be those included in the cur-
riculum. They may comprise the num-
ber of postures, style, key principles of Tai
Chi, key principles of philosophy, breath-
ing techniques, rituals, partner exercises,
auxiliary exercises, length and frequency
of classes, as well as the length and setting
of the intervention. Variable components
may be the instructor’s experience, level
of individual progression offered, evolving
group dynamics, social interactions, in-
structor—participant relationship, mean-
ing of the intervention to the participants
and to the instructor. In this context, the
differentiation between physical presence
(clock time) and effective practice time was
suggested, since awareness is a key com-
ponent in Tai Chi practice (Wayne &
Kaptchuk, 2008b).

Secondly, the interactive properties of
the elements included should be consid-
ered. A thorough description may be im-
possible to achieve, yet there are some an-
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chors that could guide the attempt. A fac-
tor influencing the interactive properties
could be the level of flexibility permitted.
A description might include further in-
formation on the intervention’s compo-
nents. It could be estimated to what ex-
tent they are actively supported, tolerated,
or impeded by the instructor. Address-
ing psychosocial interactions as an exam-
ple: Were efforts taken to adapt the pos-
tures taught to the abilities of the parti-
cipants? Was individual progression sup-
ported? Did the teacher primarily rely on
verbal or nonverbal instruction? Were
emergent group dynamics particularly fa-
vored and supported (e.g., in order to in-
crease social support)? Did the instructor
support the transfer of Tai Chi principles
to everyday life? Were feelings of achieve-
ment and success particularly supported
(e.g., in order to increase self-efficacy)?
Was the original martial art character of
Tai Chi referred to/passed on? Were par-
ticipants encouraged to reflect and discuss
their experiences during the intervention?

Thirdly, the components’ place on the
causal pathways should be considered. A
systematic description of the Tai Chi in-
tervention could help to strengthen the-
ories and knowledge about how Tai Chi
works. It may help to identify whether
particular elements of Tai Chi practice ex-
ert influence in a mediating or a moder-
ating way. As an example, the causal con-
nection between Tai Chi practice and bal-
ance improvement/falls prevention could
be explored. It may be hypothesized that
Tai Chi practice can improve balance and
reduce the rate of falls in the elderly. It
may also be hypothesized that three me-
diators are located in this causal pathway:
strength of lower limbs, coordination, and
self-efficacy. In other words, Tai Chi prac-
tice may increase the strength of the low-
er limbs, coordination, and self-efficacy,
leading to improved balance. A compo-
nent of Tai Chi that can moderate the ex-
tent to which strength of lower limbs is in-
creased may be the selection of postures
included. A component of Tai Chi that
can moderate the improvements in coor-
dination may be the extent to which these
postures are carried out in different direc-
tions. Moreover, improvement in coordi-
nation could also be moderated by the lev-
el of awareness attributed to the motion.

A component of Tai Chi that can mod-
erate the increase in self-efficacy may be
the experience of personal mastery. This
could be the mastery of postures with sin-
gle-leg stances. It could also be the mas-
tery of fluently imitating the motion of the
instructor or the mastery of learning a Tai
Chi form by heart. Components of the Tai
Chi program that could moderate the ex-
tent of improvements in all three variables
may be the dose of Tai Chi, namely, dura-
tion and frequency of classes as well as the
length of the intervention. However, the
dose necessary to achieve significant im-
provements may vary between these vari-
ables. For example, improvement of self-
efficacy may be achievable within only a
few weeks of practice, while improvement
in coordination may take more than a few
months.

Besides the challenge of systematical-
ly describing the intervention, complexity
poses distinct challenges to the scientific
analysis of Tai Chi. In the attempt to iden-
tify causal connections about the thera-
peutic potential of Tai Chi practice, the
suitability of well-established trial designs
should be reconsidered with respect to the
research question. Wayne and Kaptchuk
(2008b) acknowledged that none of the es-
tablished research methods is suitable for
addressing all the relevant aspects of evi-
dence at once, emphasizing the necessity
of a pluralistic approach to generate evi-
dence. They suggested that RCTs should
be used in combination with expectan-
cy measures. This suggestion is based on
the Tai Chi principle of attributing mean-
ing to the practice of Tai Chi. In this con-
text, Wayne and Kaptchuk (2008a) point-
ed out that some components of Tai Chi,
such as teacher-student interaction, at-
tention, and belief, are an integral part of
Tai Chi practice and should thus be treat-
ed as specific effects of the intervention.
Furthermore, they addressed the choice of
the control group. They explained that the
interaction of several possibly active com-
ponents makes it practically impossible to
compose a valid form of sham Tai Chi as
a placebo control. Apart from RCTs, they
proposed and discussed the following de-
signs: pragmatic trials, preference trials,
as well as outcome studies, observational
studies, and cross-sectional studies. More-
over, Wayne and Kaptchuk (2008b) sug-
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gested resorting to simple Tai Chi curricu-
la, pointing out that these are easier to be
described, implemented, and replicated.
However, as mentioned in Sect. 3, it was
clarified that these simplifications may
compromise the Tai Chi character of the
intervention (Jahnke et al., 2010). Qual-
itative research was suggested to be in-
cluded along with quantitative research in
an explorative way (Wayne & Kaptchuk,
2008b). In this context, the properties of
the interventions components should be
addressed (dynamics, interaction, and
place in causal pathways).

Taken together, these findings show
that a complex perspective in researching
Tai Chi as a sport in health care is a chal-
lenge. However, to some extent it is a nec-
essary precondition in order to allow for
the interpretation, generalization, repeti-
tion, and implementation of promising re-
sults achieved. To prevent getting lost in
complexity, it is essential to keep reflect-
ing on one’s own perspective and on the
research question. The inclusion of a qual-
itative study arm and thorough reporting
of the methodology and the Tai Chi inter-
vention itself could help to increase com-
parability and to provide a solid basis for
future research attempt&6 Moreover, re-
searching in this direction may help to
formulate theories and increase our un-
derstanding of how Tai Chi works. This
understanding could be used to provide
clear recommendations on which way of
practicing Tai Chi is likely to unfold which
potential.

The following limitations should be
taken into consideration. First, Sect. 2
is mainly based on a single monograph
(Landmann, 2005). We did not include
further literature on the history and con-
cept of Tai Chi, as we estimate the source
cited to be the most elaborate hermeneu-
tic study of ancient documents on Tai Chi
available in English or German. Second-
ly, our exploration of research on Tai Chi
was restricted to one database, allowing
only a limited view of the data available.
Additionally, our analysis of seven origi-
nal research articles on Tai Chi was par-

6 The article “Tai chi and postural stability in
patients with Parkinson’s disease” by Li, Harmer
and Fitzgerald (2012) may serve as guidance for
thorough planning and reporting.

tially based on a subjective choice. This
approach was necessary because of the
poor description of Tai Chi interventions
in many of the articles. Thirdly, the sum-
mary of the discussion on complexity in
health-care interventions (Sect. 3) was not
guided by a predefined systematic search
of the literature. Instead, we conducted an
exploratory analysis guided by the aim of
elaborating on the problems addressed in
this debate. Fourth, we based the discus-
sion of complexity within Tai Chi research
(Sect. 5) on our elaborations on complex-
ity in health-care interventions, present-
ing a limited set of examples. Further re-
search is required to improve detailed re-
porting and the generation of a hypothe-
sis on cause-effect relationships in future
Tai Chi research.

Corresponding address

J. Burschka

Klinikum Bayreuth GmbH
Betriebsstétte Hohe Warte
Neurologische Klinik

Hohe Warte 8, 95445 Bayreuth
janina.burschka@googlemail.
com

Conflicts of interest. The authors declare that they
have no competing interests.

References

Allen, J., & Meires, J. (2011). How to prescribe Tai Chi
therapy. Journal of Transcultural Nursing: Offi-
cial Journal of the Transcultural Nursing Society/
Transcultural Nursing Society, 22(2), 201-204.

Anders, F,, Brauner, V., & Zock, A. (2009). Taiji, Atemen-
ergetik und Biomechanik. Der Weg zur inneren
und auBeren Technik; [mit DVD] (1. Aufl.). Bern:
Huber.

Bar-Yam, Y. (2003). Dynamics of complex systems.
http://necsi.edu/publications/dcs/DCSchapter0.
pdf. Zugegriffen: 20. Jun. 2012.

Bird, L., Arthur, A., & Cox, K. (2011).”Did the trial kill the
intervention?” experiences from the development,
implementation and evaluation of a complex in-
tervention. BMC Medical Research Methodolo-
gy, 11,1-8.

Blackwood, B. (2006). Methodological issues in evalu-
ating complex healthcare interventions. Journal
of Advanced Nursing, 54(5), 612-622.

Boon, H., MacPherson, H., Fleishman, S., Grimsgaard,
S., Koithan, M., Norheim, A. J., & Walach, H. (2007).
Evaluating complex healthcare systems: A cri-
tique of four approaches. Evidence Based Com-
plementary and Alternative Medicine eCAM,
4(3),279-285.

Bu, B., Haijun, H., Yong, L., Chaohui, Z,, Xiaoyuan, Y., &
Singh, M. F. (2010). Effects of martial arts on health
status: A systematic review. Journal of Evidence-
Based Medicine, 3(4), 205-219.

Burke, D.T, Al-Adawi, S, Lee, Y.T,, & Audette, J. (2007).
Martial arts as sport and therapy. The Journal of
Sports Medicine and Physical Fitness, 47(1), 96—
102.

Buss, M. (2007). Transfer des Taijiquan vom Osten in
den Westen. Untersuchung zur Ubertragbarkeit
eines chinesischen Bewegungskonzeptes. Magis-
terarbeit, Georg-August-Universitdt Gottingen.

Campbell, M., Fitzpatrick, R., Haines, A., Kinmonth,
A.L, Sandercock, P, Spiegelhalter, D., & Tyrer, P.
(2000). Framework for design and evaluation of
complex interventions to improve health. BMJ
(Clinical Research Ed.), 321(7262), 694-696.

Carter, B. (2003). Methodological issues and comple-
mentary therapies: researching intangibles? Com-
plementary Therapies in Nursing & Midwifery,
9(3),133-139.

Dieppe, P, Macintyre, S., Michie, S., Nazareth, |, & Pet-
ticrew, M. (2008). Developing and evaluating com-
plex interventions: New Guidance. www.mrc.
ac.uk/complexinterventionsguidance. Accessed:
20.Jun. 2012.

Elder, C, Aickin, M., Bell, I. R., Fennebg, V., Lewith, G.T,,
Ritenbaugh, C., & Verhoef, M. (2006). Methodolog-
ical challenges in whole systems research. Jour-
nal of Alternative and Complementary Medicine
(New York, N.Y.), 12(9), 843-850.

Emsley, R, Dunn, G., & White, . R. (2010). Mediation
and moderation of treatment effects in random-
ized controlled trials of complex interventions.
Statistical Methods in Medical Research, 19(3),
237-270.

High Level Pharmaceutical Forum, E. U. (2008).

Core principles on relative effectiveness. http://
ec.europa.eu/pharmaforum/docs/rea_principles_
en.pdf. Accessed: 02. Apr. 2012.

Field, T. (2011). Tai Chi research review. Complementa-
ry Therapies in Clinical Practice, 17(3), 141-146.

Filipiak, K. (2001). Die chinesische Kampfkunst. Spie-
gel und Element traditioneller chinesischer Kul-
tur. Leipzig: Leipziger Univ-Verl.

Glouberman, S., & Zimmerman, B. (2002). Complicat-
ed and complex systems. What would success-
ful reform of medicare look like? http://www.plex-
usinstitute.org/resource/collection/6528ED29-
9907-4BC7-8D00-8DC907679FED/ComplicatedAn-
dComplexSystems-ZimmermanReport_Medicare_
reform.pdf. Accessed: 20. Jun. 2012.

Heng, H. H. Q. (2008). The conflict between complex
systems and reductionism. JAMA: the Journal
of the American Medical Association, 300(13),
1580-1581.

Institut fiir Qualitat und Wirtschaftlichkeit im Gesund-
heitswesen (IQWiG) (2011). Allgemeine Method-
en. Version 4.0. https://www.iqwig.de/download/
IQWiG_Methoden_Version_4_0.pdf. Accessed: 11.
Apr.2012.

Jahnke, R,, Larkey, L., Rogers, C., Etnier, J., & Lin, F.
(2010). A comprehensive review of health bene-
fits of Qigong and Tai Chi. American Journal of
Health Promotion: AJHP, 24(6), e1-e25.

Kang, J. (2011). Master vs. Sifu: Titles in Chinese Martial
Arts. http://imos-journal.net/?p=3318. Accessed:
03. May. 2012.

Sportwissenschaft 3 - 2013 ‘ 195

toc




56

4 Publications

Main articles

King, M., Nazareth, I, Lampe, F.,, Bower, P, Chandler,
M., Morou, M., Sibbald, B., & Lai, R. (2005). Concep-
tual framework and systematic review of the ef-
fects of participants’and professionals’ preferenc-
es in randomized controlled trials. Health Tech-
nology Assessment (Winchester, England), 9(35),
1-186, iii-iv.

Klein, P.J., & Adams, W. D. (2004). Comprehensive ther-
apeutic benefits of Taiji: A critical review. Ameri-
can Journal of Physical Medicine & Rehabilita-
tion/Association of Academic Physiatrists, 83(9),
735-745.

Kuramoto, A. M. (2006). Therapeutic benefits of Tai Chi
exercise: Research review. WMJ: Official Publica-
tion of the State Medical Society of Wisconsin,
105(7), 42-46.

Landmann, R. (2005). Taijiquan. Konzepte und
Prinzipien einer Bewegungskunst; Analyse an-
hand der friihen Schriften (3. unverdnderte Au-
flage). Hamburg: Inst. fir Bewegungswiss. An-
thropologie.

Li, F, Harmer, P, Fisher, K. J., McAuley, E., Chaumeton,
N., Eckstrom, E., & Wilson, N. L. (2005). Tai Chi and
fall reductions in older adults: A randomized con-
trolled trial. The Journals of Gerontology. Series A,
Biological sciences and medical sciences, 60(2),
187-194.

Li, J.Y, Zhang, Y. F, Smith, G.S., Xue, C.J., Luo, Y. N.,
Chen, W. H., Skinner, C. J., & Finkelstein, J. (2011).
Quality of reporting of randomized clinical tri-
als in Tai Chi interventions—A systematic review.
Evidence based complementary and alternative
medicine: eCAM. http://downloads.hindawi.com/
journals/ecam/2011/383245.pdf. Accessed: 20.
Jun.2012.

Li, F, Harmer, P, Fitzgerald, K., Eckstrom, E., Stock, R.,
Galver, J.,, Maddalozzo, G., & Batya, S. S. (2012). Tai
Chi and postural stability in patients with Parkin-
son'’s disease. The New England Journal of Medi-
cine, 366(6), 511-519.

McQuay, H. (2011). Evidence-based medicine: What is
the evidence that it has made a difference? Pallia-
tive medicine, 25(5), 394-397.

Medical Research Council (2000). A Framework for de-
velopment and evaluation of RCTs for Complex In-
terventions to Improve Health. http://www.mrc.
ac.uk/consumption/idcplg?ldcService=GET_FILE&
dID=9025&dDocName=MRC003372&allowInterru
pt=1. Accessed: 03. Oct. 2011.

Mihlhauser, I, Lenz, M., & Meyer, G. (2011). Entwick-
lung, Bewertung und Synthese von komplexen In-
terventionen—eine methodische Herausforde-
rung. Zeitschrift fiir Evidenz, Fortbildung und
Qualitét im Gesundheitswesen, 105(10), 751-
761.

Paterson, C., Baarts, C., Launsg, L., & Verhoef, M. J.
(2009). Evaluating complex health interven-
tions: A critical analysis of the t outcomes’ con-
cept. BMC Complementary and Alternative Med-
icine, 9, 1-11.

Patsopoulos, N. (2011). A pragmatic view on pragmat-
ic trials. Dialogues in Clinical Neuroscience, 13(2),
217-224.

Petticrew, M. (2011). When are complex interventions
‘complex’? When are simple interventions ‘simple’?
The European Journal of Public Health, 21(4),
397-398.

Rickles, D. (2009). Causality in complex interventions.
Medicine, Health Care, and Philosophy, 12(1),
77-90.

Rickles, D., Hawe, P, & Shiell, A. (2007). A simple guide
to chaos and complexity. Journal of Epidemiology
and Community Health, 61(11), 933-937.

196 | 3-2013 Sportwissenschaft

Ritenbaugh, C,, Aickin, M., Bradley, R., Caspi, O., Grims-
gaard, S., & Musial, F. (2010). Whole systems re-
search becomes real: New results and next steps.
Journal of Alternative and Complementary Med-
icine (New York, N.Y.), 16(1), 131-137.

Shiell, A., Hawe, P, & Gold, L. (2008). Complex interven-
tions or complex systems? Implications for health
economic evaluation. BMJ, 336(7656), 1281-1283.

Song, Z.J., &Bohn, H. G. (1991). Tai-chi chiian. Die
Grundlagen: Geschichte und Traditionen, Phi-
losophie des | Ging, physiologische Wirkungen.
Miinchen: Piper.

Taylor-Piliae, R., & Coull, B. (2012). Community-based
Yang-style Tai Chi is safe and feasible in chronic
stroke: A pilot study. Clinical Rehabilitation, 26(2),
121-131.

Taylor-Piliag, R. E,, Newell, K. A,, Cherin, R,, Lee, M. J.,
King, A. C., & Haskell, W. L. (2010). Effects of Tai Chi
and Western exercise on physical and cognitive
functioning in healthy community-dwelling old-
er adults. Journal of Aging and Physical Activity,
18(3), 261-279.

Verhoef, M., Lewith, G., Ritenbaugh, C., Boon, H.,
Fleishman, S., & Leis, A. (2005). Complementary
and alternative medicine whole systems research:
Beyond identification of inadequacies of the RCT.
Complementary Therapies in Medicine, 13(3),
206-212.

Walach, H., Falkenberg, T, Fennebg, V., Lewith, G., &
Jonas, W. B. (2006). Circular instead of hierarchi-
cal: Methodological principles for the evaluation
of complex interventions. BMC Medical Research
Methodology, 6, 2-9.

Wang, C., Schmid, C,, Rones, R, Kalish, R., Yinh, J., Gold-
enberg, D, Lee, Y., & McAlindon, T. (2010). A ran-
domized trial of Tai Chi for fibromyalgia. The New
England Journal of Medicine, 363(8), 743-754.

Wayne, P. M., & Kaptchuk, T. J. (2008a). Challenges in-
herent to Tai Chi research: Part |-Tai Chi as a com-
plex multicomponent intervention. Journal of Al-
ternative and Complementary Medicine (New
York, N.Y.), 14(1), 95-102.

Wayne, P.M., & Kaptchuk, T. J. (2008b). Challenges in-
herent to Tai Chi research: Part lI-defining the in-
tervention and optimal study design. Journal of
Alternative and Complementary Medicine (New
York, N.Y.), 14(2),191-197.

Wayne, P.M., Buring, J. E., Davis, R. B., Connors, E. M.,
Bonato, P, Patritti, B,, Fischer, M., Yeh, G.Y., Cohen,
C.J,, Carroll, D., &Kiel, D. P. (2010). Tai Chi for os-
teopenic women: Design and rationale of a prag-
matic randomized controlled trial. BMC Musculo-
skeletal Disorders, 11, 40.

Wayne, P.M,, Kiel, D. P, Buring, J. E., Connors, E. M.,
Bonato, P, Yeh, G.Y., Cohen, C. J., Mancinelli, C,, &
Davis, R. B. (2012). Impact of Tai Chi exercise on
multiple fracture-related risk factors in post-meno-
pausal osteopenic women: A pilot pragmatic, ran-
domized trial. BMC Complementary and Alterna-
tive Medicine, 12(1), 7.

Yang, Y., Verkuilen, J. V., Rosengren, K. S., Grubisich, S.
A., Reed, M. R., & Hsiao-Wecksler, E.T. (2007). Effect
of combined Taiji and Qigong training on balance
mechanisms: A randomized controlled trial of old-
er adults. Medical Science Monitor: International
Medical Journal of Experimental and Clinical Re-
search, 13(8), CR339-CR48.

Zhu, W., Guan, S., & Yang, Y. (2010). Clinical implications
of Tai Chi interventions: A review. American Jour-
nal of Lifestyle Medicine, 5(4), 418-432.

toc




4.3 Mindfulness-based interventions in multiple sclerosis 57

Burschka et al. BVIC Neurology 2014, 14:165

http://www.biomedcentral.com/1471-2377/14/165 BMC
Neurology

RESEARCH ARTICLE Open Access

Mindfulness-based interventions in multiple
sclerosis: beneficial effects of Tai Chi on balance,
coordination, fatigue and depression

Janina M Burschka'?", Philipp M Keune®?, Ulrich Hofstadt-van Oy?, Patrick Oschmann? and Peter Kuhn'

Abstract

Background: Patients suffering from Multiple Sclerosis (MS) experience a wide array of symptoms, including
balance problems, mobility impairment, fatigue and depression. Physical exercise has recently been acknowledged
as a treatment option complementary to medication. However, information regarding putative effects of structured
exercise programs on neurological symptoms is sparse. Tai Chi, a Chinese martial art incorporating physical exercise
and mindfulness training, has been shown to yield health benefits in various neurological groups. It seems
particularly suitable for patients with motoric deficits as it challenges coordination and balance. The purpose of the
current study was to explore the therapeutic value of structured Tai Chi training for coordination, balance, fatigue
and depression in mildly disabled MS patients.

Methods: A sample of 32 MS patients (Expanded Disability Status Scale, EDSS < 5) was examined. A structured Tai

fatigue, depression and life satisfaction.

relatively stable in the Tai Chi group (partial n? = 0.24).

sample and different MS subgroups.

Chi course was devised and a Tai Chi group participated in two weekly sessions of 90 minutes duration for six
months, while a comparison group received treatment as usual (TAU). Both groups were examined prior to and
following the six-months interval with regards to balance and coordination performance as well as measures of

Results: Following the intervention, the Tai Chi group showed significant, consistent improvements in balance,
coordination, and depression, relative to the TAU group (range of effect-sizes: partial n? = 0.16 — 0.20). Additionally,
life satisfaction improved (partial n>=0.31). Fatigue deteriorated in the comparison group, whereas it remained

Conclusions: The consistent pattern of results confirms that Tai Chi holds therapeutic potential for MS patients.
Further research is needed to determine underlying working mechanisms, and to verify the results in a larger

Keywords: Multiple Sclerosis, Tai Chi, Mindfulness, Balance,

Depression

Background

Multiple Sclerosis (MS) is the most common neurologic
disease of young adults [1]. It is characterized by chronic
inflammatory processes affecting the central nervous
system, causing neurodegeneration and axonal damage
[2]. While the early phase of the disease involves tem-
porary neurologic dysfunctions, the disease course leads
to progressive accumulation of disability. In this context,
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patients suffering from MS may experience a wide array of
symptoms, including balance problems, mobility impair-
ment, fatigue and depression [2,3]. Common medical
treatment comprises basic immune-modulating medica-
tion, cortisol therapy to counter active inflammation dur-
ing relapses, as well as symptomatic therapy [4].

Physical therapy for multiple sclerosis

Physical exercise has recently been acknowledged as an
essential part of MS therapy [5]. This represents an im-
portant extension of treatment options, since tradition-
ally MS patients had been advised not to engage in
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physical activity [6]. There is a growing body of evi-
dence which suggests that exercise is beneficial for MS
patients in various domains including muscular strength
and aerobic capacity, mobility, mood, fatigue and health-
related quality of life [4,7-10]. Additionally, physical exer-
cise may yield potentially adaptive immune-modulating
effects [11,12]. Recent findings also suggest that repeated
physical exercise may foster neuroplasticity, affecting
neurotrophic and neuroprotective mechanisms [13].
However, most MS patients remain physically inactive
and information regarding choice, dose and effects of
specific exercise programs is sparse [9]. Ellis et al. [14]
suggest the inclusion of behavioral interventions into
standard MS management, and propose a shift from a
rehabilitative model to a preventive approach of phys-
ical therapy (for comparison see also Motl et al. [15]).
As there is considerable inter-individual variation in the
course of symptoms in MS, individually tailored exer-
cise programs may be regarded as most appropriate.

Mindfulness and its clinical applications

Recently, such programs have successfully been imple-
mented in combination with mindfulness based interven-
tions (for recent review see Simpson et al. [16]). The term
mindfulness is rooted in Buddhist philosophy [17]. Its key
element is the attempt to focus on the present moment
experience while maintaining and open, non-judgemental
attitude [18,19]. Mindfulness has repeatedly been incorpo-
rated into secular clinical interventions. In this context,
mindfulness training was shown to yield beneficial effects
in a variety of conditions including chronic pain, fibromyal-
gia, psoriasis, as well as depressive and eating disorders,
and to attenuate maladaptive cognitive patterns [20-26].
Further studies indicate that mindfulness training may yield
adaptive neurophysiologic effects, including altered im-
mune functioning [27-29].

While the exact working mechanisms of mindfulness
continue to be explored, integrative models have been de-
vised. In their two-component model of mindfulness,
Bishop et al. [30] defined an attentional and a motivational
component. A conceptual outline of this model is provided
in Figure 1. According to the authors, self-regulated atten-
tion involves focusing on experience in the here and now.
The resulting ability to sustain attention and switch its
focus intentionally is assumed to enable non-elaborative
awareness. The latter is characterized by observing, ac-
knowledging and releasing arising thoughts, sensations and
emotions without further, secondary cognitive elaboration.
Since attentional resources are limited, non-elaborative
awareness increases access to information on current ex-
perience, as attentional capacity is not allocated to further
elaborative processing [31]. In mindfulness exercises, com-
monly the breath is used as an object of orientation to re-
turn back to the present moment experience.
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The second component, orientation to experience, im-
plies a curious and accepting attitude towards the stream
of consciousness (beginner’s mind, see Bishop et al. [30]).
This observant, non-judging perspective and the open re-
ceptivity to new experience are assumed to reduce avoi-
dant behavior patterns [29]. In this context, particularly
the familiarisation with distressing emotions is believed to
increase affect tolerance. Moreover, body awareness and
emotional awareness are fostered.

Tai Chi training and mindfulness

To date, there are only few structured interventions
which incorporate both, physical and mindfulness exer-
cises for MS patients. Grossman et al. [32] implemented
a structured eight-week mindfulness-based intervention
including Yoga exercises and observed improved quality
of life, as well as depression and fatigue. Complemen-
tary to such pioneering work, we suggest that Tai Chi
may be particularly suited to integrate physical and
mindfulness training in MS. Tai Chi is a Chinese martial
art, representing a multicomponent intervention, ad-
dressing musculoskeletal strength, flexibility, and mind-
fulness [33,34].

It should be noted that the concept of mindfulness is
compatible with contents of Tai Chi practice. As illus-
trated in Figure 1, its first component, regulation of atten-
tion, is addressed by Tai Chi practice, as Tai Chi involves
purposeful direction of attention. Attention needs to be di-
rected during the process of imitating a choreography
(called form) as demonstrated by the instructor. To this
end, it is necessary to constantly switch attention between
exteroception (observing the instructor and the own body)
and interoception (bodily sensations involving propriocep-
tion, balance, breathing). During exercises, attention is also
directed at the Tai Chi principles (see Additional file 1:
Supplement 1), which require a high amount of resources
and receptivity to interoceptive information, fostering body
awareness.

The second component of mindfulness is addressed as
Tai Chi training implies the maintenance of a curious
and open attitude. The perpetual aim in Tai Chi practice
is a friendly attitude towards oneself and others, respecting
the own person and the own abilities, without judgement
or competition (see Additional file 1: Supplement 1). Non-
elaborative awareness is a prerequisite to stay on track
while playing the form. During this process, personal
boundaries such as limits of stability, flexibility and en-
durance, as well as habits to cope with these limitations
are explored, fostering body awareness. Emotional
awareness is developed by consciously observing and
accepting arising emotions during Tai Chi practice (e.g.
fear of embarrassment, fear of falling, self-criticism, mo-
tivational issues).
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Figure 1 Conceptual outline of the two-component model of mindfulness, adapted from Bishop et al. (2004) and its relevance for

Purpose of the current work: structured Tai Chi training
for MS patients

Tai Chi has been shown to yield health benefits in vari-
ous neurological groups, including Parkinson’s Disease
[35], Fibromyalgia [36], chronic stroke [37], and per-
ipheral neuropathy [38]. Currently there are three
studies available on Tai Chi and MS. Husted et al. [39]
reported improvements in walking distance, hamstring
flexibility and psychological well-being, following a Tai
Chi intervention. Mills et al. [40,41] observed improve-
ments in balance and symptom management. Finally,
Tavee et al. [42] reported improvements in perceived
physical and mental health, as well as pain, but not
in mobility.

In the indicated studies, the intervention duration
did not exceed 2 months. This is noteworthy, since the
benefits of Tai Chi practice are believed to increase
with time [43]. As a consequence, short intervention
periods could lead to an underestimation of the full
potential of Tai Chi [43]. Compatible with this as-
sumption, recent findings suggest that the effect of
mindfulness training on cognitive control and its
underlying neural mechanisms is modulated by prac-
tice adherence [44].

For the current study, a standardized Tai Chi program
was designed, details of which are made available to other
research groups (Additional file 1: Supplement 1). The
purpose of this standardized intervention was to provide a
basis for a structured empirical evaluation of putative ef-
fects of Tai Chi in MS.

The goal of the current study was to explore the effects
of this intervention program on balance, fatigue, depres-
sion and quality of life in mildly disabled MS patients. Fur-
thermore, the intention was to examine the safety and
feasibility of this intervention for MS patients.

Methods

Study design and participants

The study was designed as a two-arm trial to examine the
effects of a six-month mindfulness-based Tai Chi inter-
vention versus treatment as usual (TAU). It was approved
by the ethics committee of the Bavarian Medical Associ-
ation, Germany, and all participants provided written in-
formed consent. Participants were recruited from the
Department of Neurology, Klinikum Bayreuth. Invitations
were given orally or via mail to patients who were or had
been in out-patient care. Additionally, study invitations
were distributed via local support groups. Information
about clinical characteristics was extracted from patients’
files held by the Department of Neurology. Inclusion cri-
teria were a diagnosis of any MS type, being able to walk
without a walking aid, an Expanded Disability Status Scale
(EDSS) score < 5, and being relapse-free for the past four
weeks. Severe cognitive impairment which would interfere
with the ability to take part in weekly Tai Chi classes was
ruled out, based on reports of the neurological examina-
tions in patients’ files.

Between December 2010 and November 2011, the files
of a total of 400 MS patients were screened for eligibility
criteria. Since the site of the study (Klinikum Bayreuth) is
located in a rural area of Germany, a substantial portion
of these candidates (approximately 250) were discarded
beforehand due to the distance of their home to the study
site, which made a weekly appearance impossible. Out of
the remaining candidates, 38 met inclusion criteria and
were willing to participate in the study. Outcome mea-
sures were assessed during a patient visit at baseline and
following an interval of six months. In this context, all pa-
tients participated in assessments addressing balance, fa-
tigue, depression, and quality of life. Potential alterations
in balance and coordination were defined as primary
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endpoints, alterations in fatigue, depression and quality of
life as secondary endpoints of the study. During the six-
months interval between pre (baseline) and post assess-
ments, 15 patients received structured Tai Chi training
(Tai Chi group), and 17 patients received treatment as
usual (TAU group), ie. they were instructed to consult
their medical professionals as they usually would. In a
pilot phase, implemented with the intention to raise
awareness about the possibility to participate in Tai Chi
courses in the study centre, members of the latter group
had previously taken part in Tai Chi classes. However, dur-
ing the six-months interval, members of this group did
not participate in a structured intervention. Due to the
length of the intervention and to enable patients to par-
ticipate regularly, group assignment occurred based on pa-
tients’ availability for the weekday on which the Tai Chi
course took place.

Six Patients from the Tai Chi group withdrew from
the study due to time issues (N =5) and health prob-
lems (N = 1) and were lost to follow-up. Consequently a
total of 32 patients was included in the final analysis
(Tai Chi N =15; TAU N =17). As indicated in Table 1,
there were no significant differences with regards to
basic demographics between the Tai Chi group and the
TAU group. Further, there were no clinical differences re-
garding MS course, disease duration and MS treatment.

Table 1 Demographics, clinical information, health behavior

TAU Tai Chi Statistic p-value

(n=17) (n=15)
Demographics
Age M (SD) 436 (80) 426 (94) 032° 0.753
Female sex, n (%) 12 (7)) 10 (67) 006° 0811
Health Behavior
Tobacco users, n (%) 2 (12) 3 (200 042° 0.645
Body Mass Index, M (SD) 255 (5.5) 242 (3.7) 079° 0438
Phys. activity/week, n (%)
< 1x 6 (35 2 (13) 017° 0338
1-2x 6 (35) 8 (53)
> 3x 5 (30) 5 (33)
Clinical Information
MS course, n (%)
Relapsing-remitting 13 (77) 14 (93) 493° 0085
Secondary progressive 4 (@24 0 ()
Clinically isolated syndrome 0 0 1 7)
MS Duration in years, M (SD) 78 (68) 60 (4.7) 0.86° 0.395
MS treatment, n (%)
Yes 16 (94) 12 (80) 045° 0.228
“t-test.

bchi square test.
Note: M = mean, SD = standard deviation, TAU = treatment as usual.
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However, the EDSS was elevated in the TAU group (range:
1-4.5, median = 4), relative to the Tai Chi group (range:
1-4, median = 2). Adherence varied between 15 and 44
(median = 30) attended classes out of 50 classes offered
in total.

Assessment of balance and coordination

An established balance test, comprising 14 tasks with an
increasing level of difficulty, including both static and
dynamic balance was utilized [45]. It included a series of
one leg stances in different conditions as well as walking
across a wooden board in different conditions (forwards,
backwards, including turns). The test was previously
shown to display sufficient metric qualities (test-retest reli-
ability: r =.78, Chronbach’s alpha =.92) [45]. In this con-
text, its convergent validity was also shown referring to
posturographic measures [45].

Additionally, a coordination test was implemented,
comprising 10 tasks with an increasing level of difficulty
[45]. As was the case for the balance test, the coordin-
ation test was previously shown to involve sufficient
metric properties (test-retest reliability: r=.60, Chron-
bach’s alpha =.72) [45].

In both tests, each task achieved equalled one point,
accumulating to a maximum of 14 points in the balance
test and 10 points in the coordination test. A detailed
description of both tests is provided in Additional file 2:
Supplement 2. To our knowledge, the tests have not
been used in MS previously. However, they were devel-
oped for functional evaluation of patients during neuro-
logic rehabilitation [45]. Since the tests were designed to
cover a broad spectrum of ability/disability within ambu-
latory patients, they may be regarded as particularly suit-
able for MS patients with considerable variance in
motoric deficits.

Assessment of depression, fatigue and life satisfaction
Additionally, self-reports measures in the domains depres-
sion, fatigue and life satisfaction were included. For the as-
sessment of depressive symptoms, a 15-item questionnaire
was used (Allgemeine Depressionskala, ADS-K; English:
Center for Epidemiological Studies Depression Scale,
CES-D); [46]), which addresses the severity of depressive
symptoms during the last two weeks. Items are rated on a
scale from 0-3 and the sum of all items represents the de-
pression parameter. Further, the Fatigue Scale of Motor
and Cognitive Functions (FSMC [47]) was administered,
which consists of 20 items, scored on a scale from 1-5,
and accumulating to a maximum score of 80 points. The
Questionnaire of Life Satisfaction (QLS [48]) consists
of 6 domains, including health, finances, leisure time,
self, sexuality and friends, comprising 7 items each, on
a 1-7 rating scale, accumulating to a maximum score
of 420 points.
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Tai Chi intervention

A structured, compact Tai Chi program was developed
based on the Yang-style 10-form (see Additional file 1:
Supplement 1 for details and Martin [49] or Sinclair [50]
for a video link). Exercises were structured so that during
each session of the course, the same essential elements
were repeated. The advantage of this design was that pa-
tients who missed out on an occasion could rejoin the
training without difficulties. Further, continuously re-
peating the exercises may be regarded as supportive for
a long-term learning process and automaticity, poten-
tially fostering neuroplasticity [13]. The intervention
was centre-based and did not include home assign-
ments. The Tai Chi instructor was a highly trained exer-
cise therapist with 4 years of Tai Chi experience. No
classes were cancelled and no adverse events were
noted.

Throughout the intervention period of six months,
weekly sessions of 90 minutes duration took place. Dur-
ing the first month of the course, the Tai Chi form was
played 4-5 times per session. A break of a few minutes
during which participants could relax and ask questions
occurred after each completion of the form. During the
consecutive 5 months the form was played 6-8 times
per session. In this case, breaks usually occurred after
two completions of the form, respectively, albeit they
were not always necessary or enforced. The increase in
repetitions following the first month was attributable to
arising automaticity. In context of the relation between
Tai Chi training and mindfulness (Figure 1), this arising
automaticity may be associated with an attentional shift
from an external focus (imitating the form) to an in-
ternal focus (e.g. bodily sensations, breathing). On the
occasion with the highest amount of repetitions without
a break, 8 repetitions were completed. In general, the
instructor organized the class with respect to the energy
level and current capability of participants.

Statistical analysis

Scores on all parameters were normally distributed ac-
cording to Saphiro-Wilk tests (all p-values > 0.05). Dif-
ferences in outcome parameters between the Tai Chi
group and the TAU group were assessed by a two-way
repeated measures ANOVA with the within-subjects
factor Time (pre vs. post) and the between-subjects
factor Group (Tai Chi vs. TAU), separately for each
parameter. Post-hoc comparisons were conducted via
Bonferroni-corrected two-sided t-tests.

To ensure systematic progression of variance across
pre and post measures, in a secondary analysis, test-
retest reliability was determined. To this end, Pearson
correlations were computed for each test parameter be-
tween values obtained at pre and post assessments.
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Results

Balance and coordination

In case of balance performance, a significant Time by
Group interaction emerged [F (1,30) = 5.70, p <0.05, par-
tial n®=0.16]. Post-hoc comparisons revealed that per-
formance in the Tai Chi group improved, while it
remained relatively stable in the TAU group (Figure 2a,
Table 2). For coordination, there was a significant main ef-
fect of Time [F (1,30) =4.89, p <0.05, partial r]2=0.14]
and a significant Time by Group interaction [F (1,30) =
6.57, p < 0.05, partial n> = 0.18]. Post-hoc comparisons in-
dicated that the increase in coordination performance
scores was significant in the Tai Chi group whereas scores
remained relatively stable in the TAU group (Figure 2b,
Table 2).

Depression, fatigue and life-satisfaction

In case of depression, a significant main effect of Time
[F (1,27) = 6.61, p <0.05, partial n2:0,19] and a signifi-
cant Time by Group interaction emerged [F (1,27)=
6.55, p<0.05, partial n*>=0.20]. Post-hoc comparisons
revealed that depression scores significantly decreased in
the Tai Chi group, whereas they remained relatively
stable in the TAU group (Figure 2d, Table 2).

For Fatigue, a significant Time by Group interaction
[F (1,25) =7.83, p=0.01, partial r]2 =0.24] and a signifi-
cant main effect of Group emerged [F (1,25) =591, p<
0.05, partial n* = 0.19]. Post-hoc comparisons indicated a
significant increase in fatigue scores in the TAU group
from pre to post assessments. Scores in the Tai Chi group
remained relatively stable. At pre-treatment assessments
the groups did not differ significantly in fatigue. In con-
trast, fatigue differed following the six-months interval
(Figure 2¢, Table 2).

In case of life satisfaction, a significant Time by Group
interaction [F (1,24) =8.64, p<0.01, partial r]2 =0.27]
and a significant main effect Group emerged [F (1,24) =
8.64, p<0.01, partial n*>=0.19]. Post-hoc comparisons
indicated a significant rise in the life-satisfaction score
in the Tai Chi group relative to the TAU group. At pre-
treatment assessments the groups did not differ signifi-
cantly in life satisfaction. In contrast, life satisfaction
differed following the six-months interval (Figure 2e,
Table 2).

Test-retest reliability

In consideration of the relatively small sample size, es-
timates of test-retest reliability were computed to de-
rive information on the reliability of all implemented
measures. This analysis was implemented separately
for the Tai Chi and the TAU group, as well as for both
groups combined, and tested whether the progression
of variance of each parameter was systematic across as-
sessments [51,52]. Test-retest reliability was reasonable
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Figure 2 Mean scores on outcome parameters compared between the Tai Chi and the TAU group. Error bars represent standard errors.
See Methods section for a detailed description and references of each test.

for each parameter in both groups (Table 3; range of
Pearson r: .56 - .92).

Discussion

Physical exercise has recently been acknowledged as an
essential part of MS therapy [5]. However, information
with regards to putative effects of structured exercise
programs on neurological symptoms is sparse. Similarly,
mindfulness training, which is known to be beneficial
for various clinical groups [53,27], was suggested to in-
crease quality of life in MS patients [54]. Nevertheless,
to date the body of studies on this topic remains limited
[16]. Previous work has indicated that Tai Chi, which in-
corporates a combination of physical exercises and

mindfulness training, might yield health benefits in MS
[16,39-42]. In the current study, the therapeutic value of a
newly devised structured Tai Chi course (Additional file 1:
Supplement 1) for coordination, balance, fatigue and de-
pression in mildly disabled MS patients was examined.
The obtained results are in accordance with previous
suggestions and extend the body of related literature
[55,56,10,16,4]. During the Tai Chi intervention, object-
ive parameters including balance and coordination (ie.
the primary study endpoints) as well as subjective mea-
sures of depression and life satisfaction (secondary end-
points) improved. In contrast, these measures were not
altered in the TAU group. Additionally, a maintenance
effect on fatigue was observed, as fatigue in the Tai Chi

Table 2 Differences in mean scores on outcome parameters in the Tai Chi group and the TAU group

TAU (N=17) Tai Chi (N=15)

Pre Post Statistic Pre Post Statistic

M SD M SD p M SD M SD p
Balance 6.88 409 6.53 449 0439 8.00 283 933 226 0.031
Coordination 494 233 482 246 0814 5.00 1.89 6.60 1.80 0.003
Fatigue 63.79 19.55 7047 14.04 0.025 51.23 22.55 476 19.54 0.182
Depression 13.87 10.82 16.13 11.99 0.951 1221 6.66 767 512 0.007
Lifesatisfaction 204.46 27.77 19381 36.2 0.290 21577 25.55 23257 25.62 0012

Note: M = mean; SD = standard deviation; TAU = treatment as usual.
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Table 3 Test-retest reliability

Tai Chi & TAU Tai Chi TAU
Parameter r p r p r p
Balance 0.835 0.000 0660 0007 0913  0.000
Coordination 0.573 0.001 0565 0028 0642 0005
Fatigue 0877 0.000 0917 0000 0878  0.000
Depression 0.822 0.000 0653 0011 0936  0.000
Life satisfaction  0.697 0.000 0660 0014 0757 0.003

Test-retest reliability as determined by Pearson correlations between values
obtained at pre and post assessments (Tai Chi group N =15, TAU group N =17).
See Methods section for a detailed description of each test parameter.

group remained relatively stable whereas it deteriorated
in the TAU group. In sum, this consistent pattern of
beneficial alterations in the examined outcome parame-
ters provides support for the utility of structured Tai Chi
training in the context of MS treatment. While the exact
working mechanisms remain to be explored, the current
findings allow the suggestion that Tai Chi enhances bal-
ance performance and coordination and may exert bene-
ficial effects on mood and fatigue. Observed compliance
rates indicated that the implemented Tai Chi form (10-
form) was appropriate in the context of a structured
intervention of six months duration. We recommend
using the 10-form in future studies as it is a well-known
standard form and provide extensive information on the
intervention in Additional file 1: Supplement 1.

Limitations and future directions

While our results extend the current literature on bene-
ficial effects of mindfulness training and physical exer-
cise in MS patients, they need to be interpreted in the
context of several limitations. On the one hand, the
length of the intervention made it necessary to ensure
that a sufficient number of patients could participate in
the Tai Chi course regularly. Therefore, assignment to
Tai Chi and TAU groups occurred based on patients’
weekday preference. The lack of formal random assign-
ment is to be regarded as a major limitation of the
current work. Moreover, group assignment based on pa-
tients’ weekday preference represents a selection bias
and may have been affected by patients’ general motiv-
ation. In this context, it is also necessary to point out
that while some of the clinical characteristics were simi-
lar in both groups (MS-subtype, disease duration, med-
ical treatment), the EDSS score was higher in the TAU
group than in the Tai Chi group. Despite its relatively
broad classification system, the EDSS is a widely used
and accepted tool for monitoring overall disease pro-
gression in MS patients [57]. Even though functional do-
mains reflected by the EDSS are not congruent with all
parameters implemented in the current work, it cannot
be ruled out that the difference in EDSS scores of the
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two groups affected the obtained results. It also needs to
be considered that only a small sample was examined
and that the intervention and evaluation procedures
were implemented by the same person (JB), involving a
potential bias. Moreover, the dose of Tai Chi training
was not recorded in detail. However, the total dose of
Tai Chi cannot easily be measured as it depends on mul-
tiple components and personal commitment of the
participants.

On the other hand, it is noteworthy that the pattern of
beneficial effects was consistent across outcome vari-
ables and that patients’ compliance was sufficient. More-
over, despite the small sample size and the relatively
long intervention period of six months, test-retest reli-
ability of all test parameters was sufficient. This is par-
ticularly important since the implemented tests were not
instruments which are widely used in the MS literature.
Consequently, it could be argued that they might have in-
volved low validity in MS patients. Contradicting this as-
sumption, the observation of sufficient test-retest reliability
of all test parameters in the current work indicates that
rank ordering of subjects’ values in outcome parameters
changed systematically during the six months period.
Hence, the progression of variance was systematic and
employed measures provided reliable information. We sug-
gest that it is warranted for future studies to verify results
of the current work using a randomized design, a larger
sample and different MS subgroups. Such future studies
may also include further comparison groups, besides TAU,
especially in consideration of non-specific effects which
might manifest in improved depression symptoms and
quality of life due to social support, as well as self-efficacy.

Analyzing different components of Tai Chi interven-
tions, such as motion, mindfulness and breathing, may
help to form theories about underlying working mecha-
nisms. In this context, the effects of Tai Chi training on
neural plasticity with respect to motor and sensory abil-
ities in MS patients seem worth investigating as recent
findings showed alterations of cortical representations of
interoceptive attention following mindfulness meditation
[58]. Improved interoception may also enhance the quality
of feedback loops during coordination, enhancing confi-
dence and reliability of movement. Apart from this, it has
been shown that breathing practices by themselves have
beneficial autonomic regulatory effects [59]. This is of par-
ticular interest in stress-exacerbated diseases like MS, as it
has been reported that stress management therapy seems
to reduce inflammation and enhance neuroprotection
[60]. Based on the working mechanisms of different com-
ponents, possible interactions and synergetic effects need
to be explored. This understanding might provide the op-
portunity of creating clear recommendations on which
way of practicing Tai Chi is likely to unfold most beneficial
effects [34].
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Conclusions

The Tai Chi 10-form is safe and feasible for a six-
months intervention period with MS patients. Tai Chi
may have beneficial effects on balance, coordination and
psychological well-being in patients with MS.
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Yeh, Gloria Y.; Wang, Chenchen; | Tai chi exercise for patients with cardiovascular condi-
2009 cardiovascular intervention
Wayne, Peter M.; Phillips, Russell tions and risk factors: A SYSTEMATIC REVIEW
Chang, Yu-Kai; Nien, Yu-Hsiang; | Physical activity and cognition in older adults: the po-
2010 elders intervention
Tsai, Chia-Liang; Etnier, Jennifer L. tential of Tai Chi Chuan
Jahnke, Roger; Larkey, Linda; Ro-
A comprehensive review of health benefits of gigong
2010 gers, Carol; Etnier, Jennifer; Lin, therapy research
and tai chi
Fang
Lee, Myeong Soo; Choi, Tae-
2010 Tai chi for breast cancer patients: a systematic review | breast cancer intervention
Young; Emst, Edzard
Lee, Myeong Soo; Lee, Eun-Nam; | Tai chi for lowering resting blood pressure in the elder- ‘ )
2010 elders intervention
Kim, Jong-In; Ernst, Edzard ly: a systematic review
Tai chi as a balance improvement exercise for older
2010 Liu, Hao; Frank, Adam elders intervention
adults: a systematic review
The effects of Tai Chi on body balance in elderly peo-
2010 Maciaszek, Janusz; Osinski, W. elders intervention
ple--a review of studies from the early 21st century
Wang, Chenchen; Bannuru,
Raveendhara; Ramel, Judith; | Tai Chi on psychological well-being: systematic review [psychological well-
2010 ) . ) intervention
Kupelnick, Bruce; Scott, Tammy; and meta-analysis being
Schmid, Christopher H.
An integrative review of Tai Chi research: an alternative
2010 Wooton, Angela Conrad form of physical activity to improve balance and prevent elders intervention
falls in older adults
2011 Allen, Jennifer; Meires, Jan How to prescribe Tai chi therapy therapy research
The impact of Tai Chi exercise on coronary heart dis-
2011 Dalusung-Angosta, Alona cardiovascular intervention
ease: a systematic review
2011 Field, Tiffany Tai Chi research review therapy research
Leung, Daniel P. K.; Chan, Carol K.| Tai chi as an intervention to improve balance and re-
2011 |L.; Tsang, Hector W. H.; Tsang, Wil-|  duce falls in older adults: A systematic and meta- elders intervention
liam W. N.; Jones, Alice Y. M. analytical review
Plastaras, Christopher T.; Schran,
Complementary and alternative treatment for neck pain:
Seth; Kim, Natasha; Sorosky,
2011 chiropractic, acupuncture, TENS, massage, yoga, Tai neck pain intervention
Susan; Darr, Deborah; Chen, Mary
Chi, and Feldenkrais
Susan; Lansky, Rebecca
2011 Wang, Chenchen Tai chi and rheumatic diseases rheumatic disease| intervention
Effects of Tai Chi exercise on physical and psychologi-
2012 Blake, Holly; Hawley, Helen elders intervention
cal health of older people
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Design
. Durationin | Study Sample | (number .
Year | Authors Title months population | size () | of study Study arms | Outcome domains
arms)
The effect of Tai Chi Quan
and computerized balance
Wolf, S. L.; Barn- | training on postural stability lgz’:;gﬁ?t'
1997 | hart H X.; Ellison, | in older subjects. Atlanta 3,75 elders 72 RCT (3) | ance train- | postural sway
G. L.; Coogler, C. | FICSIT Group. Frailty and ing. educa-
E. Injuries: Cooperative Stud- tiogr;
ies on Intervention Tech-
niques
Li, Fuzhong;
Harmer, Peter; A )
' ' Tai Chi, Self-Efficacy, and - ) )
McAuley, Edward; I~ A TC, wait list | self-efficacy and physical
2001 Fisher. K. John: ggryllsmal Function in the EI- | 6 elders 94 RCT (2) control function
Duncan, Terry E.; Y
Duncan, Susan C.
Wolf, S. L.; Sattin, . . .
R. W.; O'Grady, Aa?(tau%};de?fselgc?;?i]rﬂ\éisst variables related to func-
2001 [ M- Freret N R Tai Chi mrecucng e | 12 elders N |RCT(2) | IS welnes | fon benavior, and e
A’ | '.’Xu T pan, among older adults transi- ment
KLJtHer, M N tioning to frailty '
Effects of Tai Chi exercise
on balance, functional mo- elders (fe- falls, fear of falling, bal-
2002 | Taggart, Helen M. bility, and fear of falling 3 male) N/A NiA TC, NiA ance, functional mobility
among older women
- Effects of a behavioral in-
Irwin, Michael R.; ; A AL
Pike, Jennifer L.; ter\{entlon, Tai Ch' Chi, on TC, wait list | VZV specific immunity,
2003 Cole. Jason C.: varicella-zoster virus specif- | 3,75 elders 36 RCT (2) control health functionin
Oxmén Micha?el N ic immunity and health func- 9
’ " | tioning in older adults
Effects of tai chi exercise on
. pain, balance, muscle
Egggés:%ﬁnt am strength, and perceived dif- osteoarthritis physical functioning, bal-
2003 Pau’I' Bae Sén " | ficulties in physical function- | 3 (female) 72 RCT (2) | TC, controls | ance, stength, flexibility,
Chec;l »>ang ing in older women with os- pain, stiffness
teoarthritis: a randomized
clinical trial
Tsai, Jen-Chen;
Wang, Wei-Hsin;
Chan, Paul; Lin, Li- | The beneficial effects of Tai adults with
Jung; Wang, Chia- | Chi Chuan on blood pres- . . )
2003 | Huei: Tomlinson, | sure and lipid profile and | 3 cevated |76 RCT (2) tTaC* seden- | blood pressure, pd pro
Brian; Hsieh, Ming- | anxiety status in a random- P 2 ’ y
o ; . sure
Hsiung; Yang, ized controlled trial
Hung-Yu; Liu, Ju-
Chi
Wolf, Steven L.; Selected as the best paper TC. comout-
Barnhart, Huimnan | in the 1990s: Reducing frail- erized b sfl- biomedical, functional
X.; Kutner, Nancy | ty and falls in older persons: . and psychosocial indica-
2003 G.; McNeely, Eliz- | an investigation of tai chi 375 elders 200 RCT(3) ie:]nceegﬁg_ tors of fraility, occurence
abeth; Coogler, and computerized balance i ogn of falls
Carol; Xu, Tingsen | training

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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74 Appendix
. Design
Durati-
. . Study Sample | (number .
Year | Authors Title ;r:) :;hs population | size (n) | of study Study arms | Outcome domains
arms)
Wolf, Steven L.;
Sattin, Richard W.; | Intense tai chi exercise train- .
Kutner, Michael; ing and fall occurrences in RCT Lucl(ﬁlrgﬁilem:fhs:rr::é;alfl Alls
2003 | O'Grady, Michael; | older, transitionally frail 12 elders 291 (N/A) TC, N/A efficac sibkness balz;nce
Greenspan, Arlene | adults: a randomized, con- conf dgﬁ ce '
|.; Gregor, Robert | trolled trial
J.
Chan, Kaiming;
Qin, Ling; Lau, A randomized, prospective
Mingchu; Woo, study of the effects of Tai Chi ost- TC.seden- | bone mineral density. frac-
2004 | Jean: Au, Szeki; | Chun exercise on bone min- | 12 fn e ausal | 132 RCT(2) | g e o Y.
Choy, Wingyee; eral density in postmenopau- P 2
Lee, Kwongman; sal women
Lee, Shiuhung
Hart, Jacob; Kan-
ner, Hava; Gilboa-
Mayo, Ronit; Haro- | Tai Chi Chuan practice in . . . .
2004 | eh-Peer, Osnat; community-dwelling persons | 3 stroke survi- 18 RCT (2) ;LC’ physio- §ocr;| ?nd genen‘li[ functloné
Rozenthul-Sorokin, | after stroke vors erapy Ing, balance, walking spee
Naomi; Eldar,
Reuben
Hass, Chris J.;
Gregor, Robert J.; . s
Waddell, Dwight Lhe(;r?ftlﬁgrl%eng r-I;)af' ?2'3;?;2' TC. wellness postural control, center of
2004 | E.; Oliver, Alanna; trgectow during gait”initiaﬁon 12 elders 28 NIA(2) | omcation - | Pressure trajectory during
Smith, Dagan W.; in older adults gait initiation
Fleming, Richard
P.; Wolf, Steven L.
Li, Fuzhong; Fis-
her, K. John; Har- | Tai chi and self-rated quality TC low im-
mer, Peter; Irbe, of sleep and daytime sleepi- ! ) sleep quality, daytime
2004 Dainis; Tearse, ness in older adults: a ran- 6 elders 118 RCT (2) 2;2 exer sleepyness
Robert G.; Weimer, | domized controlled trial
Cheryl
Li, Fuzhong; DA . .
2004 Harmer, Peter; -brall Chi: mzrovnzig ftgnct|ork1)al 6 Id 256 RCT (2 TC, exercise | functional balance, falls re-
Fisher, K. John; aancet ?n" pre Il(;: Ing sub- elaers @ stretching duction
McAuley, Edward sequent falls in older persons
McGibbon, Chris
A.; Krebs, David
EV;VY]céIf,PSei\:eMn L Tai Chi and vestibular rehabil- peripheral TC, vestibu- | ganze stability, whole body
2004 Sc ayrb o,r ouah ” | itation effects on gaze and 25 vestibular 26 RCT (2) | larrehabili- | stability, footfall stability
Donna Mogléy' whole-body stability hypofunction tation during locomotion
Parker, Stephen
W.
Tsang, William W. | Effect of 4- and 8-wk intensive TC. general
2004 | N.; Hui-Chan, Tai Chi Training on balance | 2 elders 49 RCT (2) e dljl cgati on balance control
Christina W. Y. control in the elderly
. Effects of Sun-style Tai Chi
Choi, Jung Hyun; . 4 L e "
2005 | Moon, Jung-Soon: exercise on physical fitness 3 elders 68 NIA(2) | TC, control physical fitness, fall avoid

Song, Rhayun

and fall prevention in fall-
prone older adults

ance efficacy, fall episodes

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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Design
. Duration | Study Sample | (number .
Year | Authors Title inmonths | population | size (n) | of study Study arms | Outcome domains
arms)
Galantino, Mary
Ik?;fiﬁstgfsr.dta}fay; The effect of group aerobic
perriere, Arthur; ?Jfggffafggttcilrﬁgé (;?1 d TC, aerobic | strategies and exercise
2005 | Ducette, Joseph; quality of life for persons liv- 2 AIDS 38 RCT (3) | exercise, guidelines, fynctlonal out-
Sorbello, Alfred; ing with ired i control comes, quality of life
Barnish, Michael; :jngf.vs{l acqwrg Immuno-
Condoluci, David; eticiency syndrome
Farrar, John T.
. lung function and physical
. Effectiveness of a commu- 7 :
Jones, Alice Y.; ; AL activity, Resting heart rate,
2005 | Dean, Elizabeth; ggg'?;sﬁgazihg?éfrzﬁ?én 3 adults 100 CT -sr(g;tctzrgr?tsr-c)l blood pressure, oxygen
Scudds, Rhonda J. health ﬁmiatives P saturation, handgrip
strength, flexibility, balance
Li, Fuzhong; Har-
mer, Peter; Fisher,
K. John; McAuley, | Tai Chi and fall reductions
2005 | Edward: Chaume- | in older adults: a random- | 6 elders 256 |RCT(2) | 1o stet | rumber otfals, balance,
ton, Nigel; Eck- ized controlled trial 9 9
strom, Elizabeth;
Wilson, Nicole L.
McGibbon, Chris
A.; Krebs, David Tai Chi and vestibular re-
E.; Parker, Ste- habilitation improve ves- elders with TC, vestibu- | . .
2005 |phenW.: Scar- | tibulopathic gait via different | 2,5 vestibulo- | 36 RCT (2) | lar rehabili- “E‘;‘i‘:lta';cﬁeo%eaa:é‘fs’
borough, Donna neuromuscular mecha- pathy tation phy P
M.; Wayne, Peter | nisms: preliminary report
M.; Wolf, Steven L.
2:2;2;, R}':in(af_w'; Reduction in fear of falling
y through intense tai chi ex- TC, wellness .
2005 \évr?; S\}?:;n L. ercise training in older, N/A elders N/A N/A education fear of falling
Kutner, Michael H. transitionally frail adults
Thomas, G. Neil; | Effects of Tai Chi and re-
Hong, Athena W. | sistance training on cardio- C. re-
L.; Tomlinson, Bri- | vascular risk factors in el- sisfance
2005 | an; Lau, Edith; derly Chinese subjects: a 12 elders 207 RCT (3) trainin cardiovascular risk factors
Lam, Chris W. K.; | 12-month longitudinal, ran- controlg,
Sanderson, John domized, controlled inter-
E.; Woo, Jean vention study
Audette, Joseph
F.; Jin, Young Soo; TC. brisk aerobic capacity, heart rate
2006 Nevycomer, R‘enee; Tal Chi versus brisk walking 3 elders (fe- 19 RCT (3) | walking, se- yarlablllty, strength, er>§|b||-
Stein, Lauren; in elderly women male) dentary ity, balance, psychological

Duncan, Gillian;
Frontera, Walter R.

status, quality of life

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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. Design
Durati-
. . Study Sample | (number .
Year | Authors Title onin population | size (n) | of study Study arms | Outcome domains
months
arms)
Faber, Marjan J.; | Effects of exercise programs
Bosscher, Ruud J.; | on falls and mobility in frail TC. functio- | falls. functional perfor-
2006 | Chin APaw, Ma- | and pre-frail older adults: A 5 elders 278 RCT (2) L ; lunctiona p
- ) ) ! ) nal walking | mance, disability
rijke J.; van Wie- multicenter randomized con-
ringen, Piet C. trolled trial
[Comparison of effects among .
Tai-Chi exercise, aquatic ex- knee lxcérigiat'c arthritis, muscle strength,
2006 | Lee, Hea-Young ercise, and a self-help pro- N/A . |50 N/A (3) ' balance, difficulty of per-
: ; ostoarthritis self-help . o
gram for patients with knee roaram forming activities
osteoarthritis] prog
l':;uﬂ;“ﬁiig;%i Community-based tai chi and
Vi | its effect on injurious falls, falls, falance, gait, fear of
2006 gvﬁ;r?g \g—rYX-elliui- balance, gait, and fear of fall- | ! elders 1200 | CT(2) |TC, control fallng
Wolf S:teven L ' ing in older people
Mustian, Karen M. ﬁugrctesg;?;,itgh?iii?rltgﬁ " breast TG, psycho-
2006 | Katula, Jeffrey A.; functional it 3 21 RCT (2) | social thera- | functional capacity
Zhao, Hongwei unctional capacity among cancer oy
' breast cancer survivors
Nnodim, Joseph
0.; Strasburg, De-
bra; Nabozny, Mar- | Dynamic balance and step- TC, com-
tina; Nyquist, Lin- | ping versus tai chi training to bined bal- .
2006 da; Galecki, improve balance and stepping 25 elders 213 N/A(2) ance and balance, stepping
Andrzej; Chen, in at-risk older adults step training
Shu; Alexander,
Neil B.
Orr, Rhonda;
Tsang, Tracey; Mobility impairment in type 2
2006 Lam, Paul; diabetes: association with 5 diabetes ty- 37 RCT (2) TC, western | mobility, balance, physio-
Comino, Elizabeth; | muscle power and effect of pe 2 exercise logic capacity, health status
Singh, Maria Fiata- | Tai Chi intervention
rone
\Ffvo_bmbi?nl‘w:ﬁcy Research on psychoneuro-
L '.’Gra D ’Patri- immunology: tai chi as a
2006 ci.é- EIs\\//(/ick R K- stress management approach | N/A HIV N/A RCT N/A psychosocial variables
Walter, Jeanne M. feoar s|'r31d|V|duaIs with HIV dis-
McDade, Elizabeth
- Improvement in balance,
Ta1.ylor-P|I|ae, Rgth strength, and flexibility after
E.; Haskell, William 12 weeks of Tai chi exercise balance, strength
2006 | L.; Stotts, Nancy 3 elders 39 0os(1) |TC ’ gin,

A.; Froelicher, Eri-
ka Sivarajan

in ethnic Chinese adults with
cardiovascular disease risk
factors

endurance, flexibility

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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Durati- |, o Saml ?‘*Si%“
. : udy ample | (number .
Year | Authors Title onin population |size () | of study Study arms | Outcome domains
months
arms)
Dili psychosocial status (mood,
-Era'yll-loa:sigllfe\)v'i-\;llija“:n Change in perceived psycho- stress, self-efficacy to over-
’ social status following a 12- cardiavas- come barriers to Tai Chi,
2006 Ir‘iHeWMat,e'r:Srbgiactpz; week Tai Chi exercise pro- 3 cular risk 39 os() |TC confidence to perform Tai
Erika Sivarajan gramme Chi, perceived social sup-
port)
\g%fréitevl\jir::rl;;el' The influence of intense Tai
v, -~ | Chi training on physical per- variables related to func-
Easley, Kirk A.; ' TC, wellnes | . : .
2006 L .| formance and hemodynamic | 12 elders 311 RCT (2) . tion, behavior, and the bio-
Guo, Ying; Kressig, X " . education h
. outcomes in transitionally frail, mechanics of movement.
Reto W.; Kutner, older adults
Michael
Zeeuwe, Petra E.
M.; Verhagen, Ari- | The effect of Tai Chi Chuan in
anne P.; Bierma- | reducing falls among elderly fall prevention. ohvsical and
2006 | Zeinstra, Sita Ma; | people: design of a random- | 3,25 elders 270 RCT (2) | TC, control P uon, phy
N A psychosocial function
van Rossum, Erik; | ized clinical trial in the Nether-
Faber, Marjan J.; | lands [ISRCTN98840266]
Koes, Bart W.
Zhang, Jian-Guo; D
e oo, | e o T Oy
2006 | Kazuko: Yamazaki, | oo of taling in the less ro- | 2 elders 49 RCT (2) | TC, control | PRYsiclogical funcion, fear
Hideo; Morita, bust elderly: an intervention of falling
Takae; Ohta, Tos- y-anit
hiki study for preventing falls
Brismée, Jean-
Michel; Paige, Ro-
bert L.; Chyu,
Mlng-.Chlen; .~ . | Group and home-based tai
Boatright, Julie D3 | o1 elderly subjects with K TC, health | knee pain, k f
2007 | Hagar, James M. chiin elderly subjects wi 3 nee osteo- 41 RCT () +hea nee pain, knee range o
’ ' | knee osteoarthritis: a random- arthritis education motion, physical function
McCaleb, Joseph ized controlled trial
A.; Quintela, Mau-
ricio M.; Du Feng;
Xu, Ke T.; Shen,
Chwan-Li
Cheung, Siu Yin; Physical benefits of Tai Chi lower limb cardiavascular function,
2007 | Tsai, Eva; Fung, Chuan for individuals with 3,75 o 39 N/A(2) | TC, control | pulmonary function, shoul-
. ) N disability )
Lena; Ng, Judy lower-limb disabilities der range of motion
. elders with
Gatts, Strawberry How ,TS.' Chi |hmpr9vesfbal- surgical in- TC. waitlist | ki i f
2007 | K Woollacott ance: biomechanics of recov- | ) ;¢ tervention to | 22 RCT () , wait lis inematics, center of pres-
L ery to a walking slip in im- ’ ) control sure, center of mass
Marjorie Hines . . knees, hips
paired seniors and back

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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78 Appendix
. Design
Durati-
. . Study Sample | (number .
Year | Authors Title onin . . Study arms | Outcome domains
months population | size (n) | of study
arms)
Greenspan, Arlene | Tai chi and perceived health
2007 l.; Wolf, Steven.L.; statu'slln older a.d'ults who are 12 clders 269 RCT (2) TC, we]lness perceived health
Kelley, Mary E.; transitionally frail: a random- education
O'Grady, Michael | ized controlled trial
- .| Augmenting immune re-
! . | sponses to varicella zoster vi- , healt vaccine-stimulated immune
2007 | Olmeioea, Richee {0 varicella zoster vi- | 4 elders 112 |ReT() | TG health ine-stimulated i
Oxman Michael NY rus in older adults: a random- education response
' " | ized, controlled trial of Tai Chi
Li, Fuzhong; Har-
mer, Peter; Fisher, | Tai Chi-based exercise for
2007 K. John; Xu, Jun- | older adults with Parkinson's 5 davs Parkinson's 17 oc() |Tc feasibility, safety, efficacy
heng; Fitzgerald, disease: a pilot-program eval- Y Disease (physical performance
Kathleen; Vongja- | uation
turapat, Naruepon
Li. Yuhua: Devault Effects of extended Tai Chi in- elderly with static and dynamic balance,
TN ' | tervention on balance and se- osteopenia choice reaction time, heel
e Cr?:: ';H;’g:] Ote lected motor functions of the 12 or osteopo- 47 N/A(2) | TC, control rise strength, ankle flexibil-
gnen, elderly rosis (male) ity
Maciaszek, J.; O- | Effect of Tai Chi on body bal- elderly with
sinski, W.; Szekli- | ance: randomized controlled osteopenia body balance, postura-
2007 cki, R.; Stemp- trial in men with osteopenia or 45 or osteopo- 49 RCT (2) | TG, control graphy
lewski, R. osteoporosis rosis (male)
Richersan, Sa- Does Tai Chi improve plantar diabetes and balance, plantar sensory
2007 {zaﬁtﬁ:; Rosenda- sensory ability? A pilot study 6 g?rr;tle:)rszen- 18 0s() |TC perception
Voukglatos, Alex- A randomized, controlled trial
2007 | Babat & Loray” | oftai hifor the prevention o |, elders 702 |ReT(2) | TG Walllst | piance
DD falls: the Central Sydney tai control
Stephen R.; Rissel, hi trial
Chris chitia
A randomised controlled trial
Woo, Jean; Hong, | of Tai Chi and resistance ex- bone mineral density. mus-
2007 | Athena; Lau, Edith; | ercise on bone health, muscle | 4 elders 180 RCT (2) | TC, control cle strenath Y.
Lynn, Henry strength and balance in com- 9
munity-living elderly people
Yang, Yang; Ver-
kuilen, Jay V.; Ro- . somatosensory, visual, ves-
' ‘a. Effect of combined Taiji and . . ; '
2007 | et Suoti . | Qigong training on balance | ¢ elders 49 RCT( | TG, wait list 2?552%2382 ?JJ?ZEZ’I”W
X " | mechanisms: a randomized (2) control '

Reed, Michael R.;
Hsiao-Wecksler,
Elizabeth T.

controlled trial of older adults

stance base of support, feet
opening angle

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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Durati- |, o Saml ?‘*Si%“
. : udy ample | (number .
Year | Authors Title onin population | size () | of study Study arms | Outcome domains
months
arms)
Yang, Yang; Ver-
kuilen, Jay; Ro- .
sengren, Karl S.; ii];f:r(\:/t:n(t)ifoan -(I;?J;haen(ajnct)ilt?ggf TC, wait list | immune response to influ-
2007 | Mariani, Rachel A;; . ; 5 elders 50 N/A (2) ’ .
Reed. Michael response to influenza vaccine control enza vaccine
Grubisich, Scott A.; in older adults
Woods, Jeffrey A.
Chang, Rei-Yeuh;
Koo, Malcolm; Yu, - .
2008 éizsa-rgeﬁ?%hu |- Z:ZSE;C;;E ﬁgg‘éﬁﬁﬁf 9 gazeonadriyse- 61 N/A(2) | TC, control | heart rate variabilit
g. ’ ' | tion of patients with coronary vy ’ y
Tseng; Hsu, Chen- tery di ase
Tung: Chen, artery disease
Cheng-Yun
Chen, Kuei-Min; The effects of a Simplified
Lin, Jong-Ni; Lin, | Tai-Chi Exercise Program cardio-respiratory function,
Huey-Shyan; Wu, | (STEP) on the physical health blood pressure, balance,
2008 | Hui-Chuan; Chen, | of older adults livingin long- | 6 elders 51 0s(1) |TC hand-grip strength, lower
Wen-Ting; Li, term care facilities: a single body flexibility, and physical
Chun-Huw; Kai Lo, | group design with multiple health actualization
Sing time points
Effect of Tai Chi on depres-
sive symptomg amongst Ch'l- TC, wait list '
2008 | Cho, Kee-Lee nese older patients with major | 3 elders 14 RCT (2) control depressive symptoms
depression: the role of social
support
Hackney, Made- Tai Chi improves balance and Parkinson's
2008 | leine E.; Earhart, mobility in people with Parkin- | 3 Disease 33 RCT (2) | TC, control | balance, gait, mobility
Gammon M. son disease
Improving sleep quality in
Irwin, Michael R.; | older adults with moderate elders with TC. health
2008 | Olmstead, Richard; | sleep complaints: A random- | 6 sleep com- | 112 RCT (2) o dl; cation sleep quality
Motivala, Sarosh J. | ized controlled trial of Tai Chi plaints
Chih
g .| [Effects of Tai Chi exercise in ) pain, stiffness, disability,
2008 | 58 HOAYOUNS; | iy with knee osteoarthri- | 3 knoe oste0- | 46 N/A(2) | TC, control | knee joint motion, mobilty,
' tis] balance, falling
A, Effects of 16-week Tai Chi in-
Li, Jing Xian; Xu, . I . .
2008 | Dong Qing; Hong, terventlon.on pqstural stability 4 clders N/A N/A N/A postyral stability, proprio-
Youlian and proprioception of knee ception
and ankle in older people
Can Tai chi enhance cognitive
Matthews, Marga- | vitality? A preliminary study of
2008 | ret M.; Williams, cognitive executive control in | 2,5 elders 20 oS(1) |TC cognitive executive function
Harriet G. older adults after A Tai chi in-

tervention

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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. Design
Durati-
. . Study Sample | (number .
Year | Authors Title onin population | size (n) | of study Study arms | Outcome domains
months
arms)
Effects of 5-Form, Yang Style
Murphy, Lori; Tai Chi on older females who ) balance, functional
2008 Singh, Betsy B. have or are at risk for devel- 3 osteoporosis | 31 os() |TC strength, fall occurence
oping osteoporosis
Shen, Chwan-Li;
James, C. Roger;
Chyu, Ming-C; Effects of Tai Chi on gait kin- . . .
2008 Bixby, Walter R.; ematics, physical function, 15 knee osteo- 40 os(1) |Tc llzir:gnﬁilgsan?\ s;'ifggffusﬁga't
Brismée, Jean- and pain in elderly with knee ’ arthritis fion. pain ’ginyself-efficac
Michel; Zumwalt, | osteoarthritis--a pilot study  pain, p ¥
Mimi A.; Poklikuha,
Glen
balance, limb joint proprio-
Tsang, Wilam .| o o TG, general | leve of ke musges. .
2008 | N.; Hui-Chan, bal : disorders in old 1 elders N/A N/A (2) q ’ i tion of s ’I .
Christina W. Y. alance disorders in older education gration of neural signals in
subjects the centra nervous system
for balance control
Wang, Chenchen;
Schmid, Christo- WOMAC pain, function and
pher H.; Hibberd, stiffness, global assess-
Patricia L.; Kalish, | Tai Chi for treating knee oste- TC, wellness | ment, lower extremity func-
2008 Robert; Roubenoff, | oarthritis: designing a long- 3 knee osteo- 40 RCT (2) education tion, knee proprioception,
Ronenn; Rones, term follow up randomized arthritis and stretch- | depression, self-efficacy,
Ramel; Okpar- controlled trial ing social support, quality of
avero, Aghogho; life, adherence, adverse
McAlindon, Timo- events
thy
. Effects of Tai Chi exercise on diabetes blood glucose, serum insu-
2008 | Wang, Jing Hao patients with type 2 diabetes 2 type 2 12 os() |TC lin, insulin receptor activity
Yang, Yang; Ver-
kuilen, Jay; Ro-
sengren, Karl S.; | Effects of a traditional Tai-
Mariani, Rachel A.; | ji/lQigong curriculum on older immune response to influ-
2008 Reed, Michael; adults' immune response to 5 elders 50 N/A(2) | TC, controls enza vaccine
Grubisich, Scott A.; | influenza vaccine
Woods, Jeffrey A.;
Schlagal, Bob
Yeh, Gloria Y.;
Mietus, Joseph E.;
Peng, Chung- Enhancement of sleep stabil-
Kang; Phillips, ity with Tai Chi exercise in
2008 |Russell S Davis, | chronic heartfailure: prefimi- | 3 heart faillure | 18 RCT () | 1005t E'::g’dipecmgram (EEG
Roger B.; Wayne, | nary findings using an ECG-
Peter M.; Gold- based spectrogram method
berger, Ary L.;
Thomas, Robert J.
Effects of 14-week Tai Ji diabetes ty-
2008 Zhang, Ying; Fu, Quan exercise on metabollc 35 pe 2 (fema- | 20 RCT (2) | TC, control metapohc control, lipid me-
Frank H. control in women with type 2 le) tabolism

diabetes

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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Durati- |, o Saml ?‘*Si%“
. : udy ample | (number .
Year | Authors Title onin population |size () | of study Study arms | Outcome domains
months
arms)
. Exercise intervention in brain . . mood, self-esteem, flexibil-
2009 alake, H.; Batson, injury: a pilot randomized 2 g?;;;n;t.'s 20 RCT (2) Zg{;tf;mal ity, coordination, physical
' study of Tai Chi Qigong Jury activity, social support
Dechamps, Ar-
naud; Gatta, Blan- | . . "
S e 1 el PO o PO P e e
. N tion in sedentary obese wom- | = . mobility, mood, eating, self-
belle; Tabarin, An- en male) cise efficac
toine; Roger, Pat- y
rick
Hackney, Made- Health-related quality of life Parkinson's TC, Tango, mobility.social support
2009 | leine E.; Earhart, | and alternative forms of exer- | 3,25 . 75 RCT (4) | Walz/Foxtrot 1,50 pport,
S ) . Disease quality of life, PDQ-39
Gammon M. cise in Parkinson disease t, control
Hall, Amanda M., . .
2009 | Laimer s er- e rongomion 25 [lowback e |por (g | TCwaitlist | iy o o per.
reira M’anuelé L,; baCk pain (TAl CHI): study ra- | ™ pain control ceivgd gffectyof trea’trﬁent
Lam. Paul tionale, design, and methods
Hall, Courtney D.; | Effects of Tai Chi intervention TC. health
2009 | Miszko, Tanya; on dual-task ability in older 3 elders 15 N/A (2) L dual-task ability
A education
Wolf, Steven L. adults: a pilot study
. Evaluation of energy expendi- ﬁ&lﬁgﬁﬁggﬁfgﬁﬂggc
2009 [ U S8 C.sWoo, | 1ufe and cardiovascular heah | middie-aged |NA | N/A(2) | TC,walking | fasting blood glucose, rest-
? v ) X ing metabolic rate, per-
ing exercise 4
ceived health
Lee, Hwa-Jin;
Park, Hi-Joon;
Chae, Younby- Tai Chi Qigong for the quality
oung; Kim, Song- | of life of patients with knee knee osteo- TC, wait list | quality of life, symptoms
2009 | Yi; Kim, Seung- osteoarthritis: a pilot, random- | 2 - 44 RCT (2) ’ . i ’
e . e ) arthritis contnrol physical function
Nam; Kim, Seung- | ized, waiting list controlled tri-
Tae; Kim, Je-Ho; | al
Yin, Chang-Shik;
Lee, Hyejung
. Changes in muscle strength,
Li, Jing Xian; Xu, ) muscle strength, endur-
2009 | Dong Qing; Hong, endurance, and rgacﬂop of . |4 elders 40 RCT (2) TC, geperal ance, reaction time of the
the lower extremities with Tai education

Youlian

Chi intervention

lower extremities

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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82 Appendix
. Design
Durati-
. . Study Sample | (number .
Year | Authors Title onin population | size (n) | of study Study arms | Outcome domains
months
arms)
Logghe, Inge H. J.;
Zeeuwe, Petra E.
M.; Verhagen, Ari-
gr;g?\:él;e\(/evul[\l?anl-\/l Lack of effect of Tai Chi falls, balance, fear of falling,
2009 [T Wilemsen, | Shuannpreventngfalsin 355 | eigers 269 |RCT() |G vsval | cardiopuimonary funfon,
Sten P.- Bierma- | ©derly people living at home: care physical activity, functiona
Zeinstré Sita M a randomized clinical trial status
A.; van Rossum,
Erik; Faber, Marjan
J.; Koes, Bart W.
Shen, Chwan-Li; Placebo,
32%“32%295'?2,'%; Green tea polyphenols and gg?enhtj:ols oxidative DNA damage
' v Tai Chi for bone health: de- post- polyp ' | markers, bone formation bi-
2009 | Felton, Carol K.; - laceb irolled 6 | 140 RCT (4) | TC + place- kers. b i
Xu, Ke T.: Pence, mgr:jmg a pdacg |o-con rolle menopausa bo, TC + gmar ekrs, one resorption
Barbara C.; Wang, randomized tria green tea iomarkers
Jia-Sheng polyphenols
Song, Rhayun; . B TC 80% ad-
Ahn, Sukhee; ﬁ)dif:r?rlrr;%;o ?utcilsghégr:(t)r%rlam diabetes tv- herence, TC | glucose control, diabetic
2009 | Roberts, Beverly prove giuc . 6 Y |99 CT(2) |lessthan self care activities, quality of
. ’ and quality of life for individu- pe 2 o X
L.; Lee, Eun Ok; als with tvoe 2 diabetes 80% adher- | life
Ahn, You Hern yP ence
Chang, Rei-Yeuh;
Koo, Malcolm; . .
Kan, Chung-Ben; E;frfztr? r?LaTratlrgg :22;2:2:; coronary TC +usual | prognostic factors of cardi-
2010 | Yu, Zer-.Ran; Chu, in patients with coronary ar- 6 artery dise- | 54 N/A (2) | care,usual | ac events, rate-pressure
[-Tseng; Hsu, tery disease ase care product and -reserve
Chen-Tung; Chen, Y
Cheng-Yun
Dechamps, Ar-
naud; Diolez,
5:3:2?:;;?; Effects of exercise programs
Tulon Auroré‘ Oni- to prevent decline in health-
v related quality of life in highly RCT . .
2010 ii?c?r; Cr}ngﬁ: deconditioned institutionalized N/A elders N/A (N/A) N/A quality of life, ADL
Helmg;' CatHerine' elderly persons: a randomized
Bourd e[- " | controlled trial
Marchasson, Isa-
belle
Huang, Hui-Chi; Community-based interven- TC. educa-
Liu, Chieh-Yu; tions to reduce falls among ! .
2010 |Huang, Yu-Tai; | older adults in Taiwan -long |5 elders 163 |RCT(4) |fon.TC+ | falls and risk factors of fals,
. ) education, gait balance
Kernohan, W. time follow-up randomised control
George controlled study
Lee, Linda Y. K;; The psychosocial effect of Tai . .
2010 | Lee, Diana T.F.; | Chion nursing home resi- 6,5 elders 139 CT(2) TC, usual psyghosoual wellbeing in
care nursing home
Woo, Jean dents
Lelard, Thierry; Effects of a 12-week Tai Chi
y 7 Chuan program versus a bal- )
Doutrellot, Pierre- o TC, balance | postural control, walking a-
2010 Louis: David, Pas- ance training program on pos- | 3 elders 28 RCT (2) training bilty

cal; Ahmaidi, Said

tural control and walking abil-
ity in older people

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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Durati- |, o Saml ?‘*Si%“
Year | Authors Title onin ua ample | {number Study arms | Outcome domains
months population | size (n) | of study
arms)
Long term Tai Chi exercise )
h . . plantar pressure detection,
- improves physical perfor- peripheral : )
2010 | Li, Li; Manor, Brad mance among people with pe- 6 neuropathy 25 0s(1) |TC th:(:ggth and standing bal
ripheral neuropathy
A preliminary study of the ef-
fects of Tai Chi and Qigong
Liu. X.: Miller Y medical exercise on indicators adults with indicators of methabolic
o " . | of metabolic syndrome, gly- elevated syndrome, glucose control,
2010 gro\?vlrj]nWJ’\l W caemic control, health-related 3 blood glu- 1 os() |TC quality of life, stress and
T quality of life, and psychologi- cose ddepressive symptoms
cal health in adults with ele-
vated blood glucose
Peppone, Luke J.;
Mustian, Karen M.;
éapgl:lzlssr,] Molir;“ae Effects of a structured weight-
G." Rosier7 Rand bearing exercise program on breast TC. usual
2010 N." Pi azza’ Ken-y bone metabolism among 3 cancer sur- | 16 RCT (2) car;e bone loss biomarkers
né’th M. P’urneII breast cancer survivors: a vivors
Jason Q . DarIin’g feasibility trial
Tom V.; Morrow,
Gary R.
Taylor-Piliae, Ruth s
; ) Effects of Tai Chi and West-
/E.: gﬁ\gsrl: ’ E;’:\slgry " | em exercise on physical and l)(()érvcvigzte;?_ physical and cognitive func-
2010 N S cognitive functioning in 6 elders 133 RCT (3) o L
Lee, Martin J.; health ity-dweli tention- tioning
King, Abby C.; calfy community-awelling control
Haskell, William L. | O/der aduts
gg:ﬁh:”s;tzzzg?_’ Exploring Tai Chi in rheuma- theumatoid disease activity, self-
2010 dri Chriystie Aﬁne' toid arthritis: a quantitative 3 arthritis 15 0Ss(1) |TC reported health status,
o d egard Si grid * | and qualitative study physical performance
Wang, Chenchen;
Schmid, Chris-
topherH; Rones, ) .
Ramel; Kalish, A randomized trial of tai chi TC + usual E;irgrrﬁéaéglﬁ)l)mgﬁ;;?;es-
2010 T;:;Ltf élglz’en- for fibromyalgia 3 fibromyaigia | 66 RCT(2) 22;2’ usual and mental components of
berg, DonL; Lee, the SF-36 questionaire
Yoojin; McAlindon,
Timothy
Wayne, Peter M.;
Buring, Julie E.;
Davis, Roger B.;
Connors, Ellen M.; s .
Bonato, Paolo; lr?‘l (Ci::slig)r: gzza?zi)t?gr:cal\g%% post- TC + usual bonde mineral density, se-
2010 | Patritti, Benjamin; ' > . ) 9 N/A RCT (2) | care, usual ’
Fischer, Mary; pragmatic randomized con menopausal care rum markers, balance

Yeh, Gloria Y.; Co-
hen, Calvin J.; Car-
roll, Danette; Kiel,
Douglas P.

trolled trial

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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84 Appendix
. Design
Durati-
. . Study Sample | (number .
Year | Authors Title onin population | size (n) | of study Study arms | Outcome domains
months
arms)
Comparison of telecommuni- TC via tele-
Wu, Ge; Keyes, cation, community, and home- communica- . .

2010 Lawrence; Callas, | based Tai Chi exercise pro- 375 clders 64 RCT (3) tion, via ?g;rz}sgmgpgzgﬁ;ﬂ:if.
Peter; Ren, Xiaolin; | grams on compliance and ef- | ™ community reported heal’th '
Bookchin, Bea fectiveness in elders at risk center, via P

for falls video
Yeh, Gloria Y.,
Roberts, David H.; o . . chronic ob-
' | Tai chi exercise for patients . TC + usual . . .

2010 g:\xgehigt;réw .| with chronic obstructive pul- | 3 :Hlurgg\r’;ry 10 RCT (2) | care, usual g:glgly of life, exercise ca-
Quilty, Mary T. monary disease: a pilot study disease care
Phillips, Russell S.

Barbat-Artigas,
Sébastien; Filion, " .
Marie-Eve; Dupon- | Effects of tai chi training in ost- ls)t(;(ejﬁ i%mfzﬂzléggélhggdfg;P
2011 | tgand, Sophie; Ka- | dynapenic and nondynapenic | 3 P 62 0S(1) |TC gih, funct P
. . menopausal ty, cardiorespiratory func-
relis, Antony D.; postmenopausal women tions
Aubertin-Leheudre,
Myléne
Caminiti, Giusep-
pe; Volterrani,
Maurizio; Marazzi, -
gri::\s‘;pl\‘/)l:;sgaerroritoy Z:éﬁzmg:sgf;siﬁ:% ?rf]f?ﬁ;s elderly with ;r?c; {ergidnlir- exercise tolerance, qualit

2011 n s n. | rehabilitation of elderly pa- 3 cronic heart | 60 RCT(2) |, i + quallty
Rosalba; Arisi, Arl- | ot with chronic heart fail- failiure ing, endur- | of ife
anna; Franchini, ure ance training
Alessio; Sposato,

Barbara; Rosano,

Giuseppe

Carbonell-Baeza,

Ana; Romero,

Alejandro; Apari- | Preliminary findings of a 4-

cio, Virginia A.; Or- | month Tai Chi intervention on tendemess. functional ca-
tega, Francisco B.; | tenderness, functional capaci- fibromyalgia . y

2011 Tercedor, Pablo; ty, symptomatology, and qual- 4 (male) 6 os() |TC pﬁ;'l%" 2¥mté)matology,
Delgado- ity of life in men with fibrom- qualtty
Fernandez, Ma- yalgia
nuel; Ruiz, Jonatan
R.

. Tai chi Qigong improves lung )
(K:haLn’ Alﬁsn W functions and activity toler- chron]c ob- TC. walki ) functi .

2011 ., Lee, Albert; ance in COPD dlients: a sin- | 3 structive 206 RCT (3) , walking, | respiratory functions, activi-
Suen, LomaK. P,; le blind. randomi d. pulmonary control ty tolerance
Tam, Wilson W. S. gle blind, randomized con- disease

’ trolled trial
Chang, Rei-Yeuh;
Koo, Malcolm; Ho, | Effects of Tai Chi on adi-
Meng-Ying; Lin, Zi- | ponectin and glucose homeo- . cardiovas- adiponectin, glucose home-

2011 Zi; Yu, Zer-Ran; stasis in individuals with car- 60min cular risk % os() |TC ostasis
Lin, Yen-Fen; diovascular risk factors
Wang, Be-Jen

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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Durati- |, o Saml ?‘*Si%“
. : udy ample | (number .
Year | Authors Title onin population |size () | of study Study arms | Outcome domains
months
arms)
Fujimoto, Satoshi; | The effects of Tai-chi exercise New care-need certificatiqn
Yamazaki for the prevention of long-term » motor fitness scale, maxi-
Y ) ; ° mum walking speed over 10
2011 Sachiko; Wakaba- | care in community-dwelling 35 Id 118 cT2 TC. control ters. functional h
ashi, Akitsu; frail elderly people -New care- | = elders @ » control | meters, functional reac
Kllatstyjzaki Y’umi' need certification and mortali- test, abillty to stand after a
Yasumura’ Seii ’ - long period of sitting, and
 9¢l y maximum one step width.
Reducing the fear of falling TC + cogni-
.. | among community-dwelling tive-
Huang, Tzu-Ting; . .
T elderly adults through cogni- behavioural, .
2011 Elaw?ang;llwn Hui; Liu, five-behavioural strategies N/A elders N/A RCT (3) cognitive- fear of falling
and intense Tai Chi exercise: behavioural,
a randomized controlled trial control
Janelsins, Michelle
C.; Davis, Paul G,;
Wideman, Laurie;
ga:zl(?, I‘_ngr&y_ A Effects of Tai Chi Chuan on
Pg o’ne Luké 1 insulin and cytokine levels in breast
2011 P aIanZh dxan a G”_ arandomized controlled pilot | 3 cancer sur- | 19 CT(2) |TC,control | insulin and cytokine levels
Heckleyr Charles " | study on breast cancer survi- vivors
E.; Williams, vors
Jacqueline P.; Mor-
row, Gary R;;
Mustian, Karen M.
Lam, Linda C. W.;
Chau, Rachel C.
hﬁj;;ﬁ/ 2”9A3!|¥NM‘ Interim follow-up of a random-
T." Lui %}i ctor W. ized controlled trial comparing
C." Ta;n Cind C Chinese style mind body (Tai adults at risk TC. stret-
2011 W Leur’1 Gr);ce. Chi) and stretching exercises | 12 of cognitive | 389 RCT (2) chi;1 cognitive function
T Y - Kw%k Timo- on cognitive function in sub- decline 9
tH C v Chiu jects at risk of progressive
Hgleri F"K . Né cognitive decline
Sammy; Chan, W.
M.
Toda, Masahiro;
Den, Rei; Hasega- | Influence of personal patterns ) )
2011 | wa-Ohira, Masako; | of behavior on the effects of | 20min 'r;e:;g;] y (fe 22 0S TC Fgg;\llfsc;fs’zlgr%d States
Morimoto, Kanehi- | Tai Chi: a pilot study
sa
(i) passive knee joint reposi-
tioning to test knee proprio-
. ception; (i) concentric iso-
Chen, Ellen W The effects of Tai Chi on the . kinetic strength of the knee
2012 (FZlijwa/r:mlz ?\/I N balance control of elderly per- N/A Sllg:’;? i‘:/nlfh 40 RCT (2) | TC, control extensors and flexors and
e sons with visual impairment: a : ’ (iii) a sensory organisation
Tsang, William W. . ST pairment. ; L
N, randomised clinical trial test to quantify an individu-

al's ability to maintain bal-
ance in a variety of complex
sensory conditions

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study

toc




86 Appendix
. Design
Durati-
. . Study Sample | (number .
Year | Authors Title ;r:) :;hs population | size (n) | of study Study arms | Outcome domains
arms)
Jung, Seil; Lee, Tai chi for lower urinary tract ' . .
Eun-Nam; Lee, symptoms and quality of life in Eg::iennts with TC. usual Itgmir(m?& )t rait;i)t'm&'”fe
2012 | Sook-Ryon; Kim, | elderly patients with benign | 3 ? e . | 6 RCT(2) | L Q0L) 2nd s ‘ﬂ] Y
Mi-Sook; Lee, prostate hypertrophy: a ran- prorts a ?1 y- care I( 0 | ), and sex hormone
Myeong Soo domized controlled trial pertrophy evels
Li, Fuzhong;
Harmer, Peter;
Fitzgerald, Kath- C. re-
leen; Eckstrom, Tai chi and postural stability in Parkinson's sis{ance
2012 | Elizabeth; Stock, patients with Parkinson's dis- | 6 . 195 RCT (3) e postural control
Ronald; Galver, ease Disease tsrtilerllcnhgiﬁ
Johnny; Maddaloz- 9
20, Gianni; Batya,
Sara S.
Lu, Xi; Hui-Chan, | Effects of Tai Chi training on . . .
2012 | Christina Wy; arterial compliance and mus- | 4 ;Igg)s (fe- |34 RCT (2) ;l)-r? educat :{rlgrr]lalhcomphance, muscle
Tsang, William Wn | cle strength in female seniors 9
Reid-Arndt, Steph- | Tai Chi effects on neuropsy- cancer sur- neuropsychology, balance,
2012 anie A.; Matsuda, | chological, emotional, and 25 vivors (fe- 23 os(1) |Tc self-report (neuropsycholo-
Sandy; Cox, Cathy | physical functioning following | ~’ male) gy, stress and mood, fa-
R. cancer treatment: a pilot study tigue
safety, feasibility, recruit-
- . ment rates, intervention ad-
Taylor-Piliae, Community-based Yang-style . !
2012 | RuthE; Coull, Tai Chi s safe and feasible in | 3 stroke sun | 28 RCT (2) | 10 usual | herence, adverse events,
BruceM chronic stroke: a pilot study y , drop
outs, adaequacy of out-
come measures
Tousignant,
Michel; Corriveau,
Helene; Roy,
Pierre-Michel; The effect of supervised Tai fall related variables (bal-
Desrosiers, Jo- Chi intervention compared to TC + phvsio- | ance. qait fear of fallin
2012 | hanne; Dubuc, Ni- | a physiotherapy program on | N/A elders 152 RCT (2) thera phy functiyo%al,autonom sgl‘f-
cole; Hebert, Re- | fall-related clinical outcomes: Py actualisation self—e¥ﬁcac )
jean; Tremblay- a randomized clinical trial ' y
Boudreault, Va-
lerie; Beaudoin,
Audree-Jeanne
Wayne, Peter M.;
Kiel, Douglas P.;
Buring, Julie E.; Impact of Tai Chi exercise on
Connors, Ellen M.; | multiple fracture-related risk TC + usual . .
2012 | Bonato, Paolo; factors in post-menopausal 9 an:r:'o ausal 86 RCT (2) | care, usual gfr?]d;;]l'(r;?sralb(;?:nséz se-
Yeh, Gloria Y.; Co- | osteopenic women: a pilot P care ’

hen, Calvin J.;
Mancinelli, Chiara;

Davis, Roger B.

pragmatic, randomized trial

Legend: N/A = not available, TC = Tai Chi, RCT = randomized controlled trial, CT = controlled trial, OS = observational study
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4 Description of the Tai Chi Intervention

The 10-form Tai Chi protocol is a simple concept, adaptable to the abilities and needs of par-
ticipants. The primary aim of each lesson is to provide the participants with an opportunity
to employ in a self-determined exploration of the body and its abilities. Each lesson consists
of four elements: warm-up, form, consolidation, cool-down. The warm-up phase includes
two weight shifting exercises and is split in a time for conversation and a time in silence.
Any further exercises are to be excluded to keep the intervention as simple as possible.
The complete 10-form is practised several times each lesson. The number of repetitions
varies depending on the mood of the participants. There may be several repetitions without
a break in between. The time to complete the form once takes about 5 to 6 minutes. Addi-
tionally, each lesson contains a technique consolidation phase on specific elements of the
form, based on the questions and needs of the participants. The lessons are concluded with
a cool-down phase, comprising breathing and relaxation techniques which focus on body
awareness and abdominal breathing in a sitting or lying position. This curricular concept
allows for a ritualized course of Tai Chi training with a focus on the Tai Chi movements and
principles. Included principles are body-alignment, moving the body slowly as a whole, stay-
ing balanced and aware of the body’s centre of gravity as well as of the body’s connection
to the ground, awareness to weight-shifting and not falling into the step, mindful movement,
relaxation and abdominal breathing. The training may be accompanied by music. We used
the audiobook Shaolin Qi Gong - Energy in Motion (Energie in Bewegung) by Sayama and
Shi Xinggui (2007).

Warm-up (10-20min)

The first exercise comprises rhythmic weight shifting from one leg to the other while swinging
the relaxed arms from one side to the other via a rotation in the trunk and hip. The heel may
be lifted from the floor when the body is turning away from it. The instructor should coach the
participants regarding physiologic movement of the knees if necessary. During this activity,
there is room for conversation.

The second exercise consists in shifting the body’s weight to different directions in a re-
laxed and upright, standing position, feet hip-width apart. First, awareness is directed on a
grounded, balanced and upright position, relaxed shoulders and comfort. Second, partic-
ipants start slowly shifting their weight in different directions like a tree in the wind. They
are encouraged to shifting within the comfort zone as well as beyond their comfort zone to
explore their limits of stability. Third, the movements are reduced until the participants reach
their centre, standing almost still.

10-Form

The 10-form is played in a symmetric way. While the figures commencement, cross hands
and conclusion are played once, the remaining figures are played twice in opposite di-
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rections. The 10 figures are: commencement, reverse reeling forearms, brush knee and
push, part the wild horse’s mane, wave hands like clouds, rooster stands on one leg, kick
with heel, grasp the peacock’s tail, cross hands, conclusion. Depending on the way of
counting, the 10-form is sometimes also called the 8-form (not counting the commence-
ment and the conclusion). A video of the form can be found here: http://www.youtube.com/
watch?v=P4Z4sQNQtJM or here http://www.youtube.com/watch?v=n_nfD5015bk.

Consolidation

The consolidation phase is used to pick specific elements from the form or principles for
more detailed explanation and practice. The content of the consolidation phase is variable,
depending on the participants’ questions and needs. The aim of this phase is to help the
participants to get more comfortable with the Tai Chi form. The accuracy of the Tai Chi
movements according to the standard version are supported but not demanded. During
the first two months of the intervention, the one leg stances are practised with the free foot
touching the ground with the toes (rooster stands on one leg) or heel (kick with heel). After
two months, the teacher starts demonstrating the single leg stance version. Participants are
encouraged to choose their preferred way of playing the positions. The teacher emphasizes
that the relaxed stability of the position (even with the help of the free foot) is more important
than barely managing a single leg stance.

Cool-down (15min)

During the cool-down phase, the attention is directed to the inside. The aim is mindful body
awareness and abdominal breathing. First, the attention is directed to the body’s contact
to the ground and a feeling of being supported. Trusting this support, participants let go of
weight and tension. Second, the attention is consecutively drawn to the breath—how and
where it can be felt. Third, the hands are placed on the belly and try to feel the breathing.
Forth, the incoming air is directed towards the hands to motivate abdominal breathing. Fifth,
active engagement to breathing turns to simple awareness of the flowing movements of
breathing and the alternation of expansion and release. Sixth, the attention is directed to the
ground and further into the room, leading the participants back to the outside world. Seven,
there is time for gentle movement, stretching and yawning. Eighth, in an upright position,
the participants wake themselves up by tapping their body.
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Balance Test Description’

1. aim Quantitative measure of balance ability
2. tools 1 balance beam (10cm in width, 4m in length, 1cm in height)
2 cones
1 volleyball
3. content 14 Items, rated dichotomously (1 = achieved task, 0 = failed task)
4. course test abortion after two consecutive fails

Coordination Test Description

1. aim Quantitative measure of balance ability
2. tools 1 balance beam (10cm in width, 4m in length, 1cm in height)
2 cones
1 volleyball
1 gymnastics ball
1 gymnastics stick
3 target marks (20cm in diameter, 70cm apart, two in the height of 1.18m, one
in the height of 1.74m), 1 target mark (1m in diameter, in the height of 3m)
3. content 10 Items, rated dichotomously (1 = achieved task, 0 = failed task)
4. course test abortion after two consecutive fails

Conduction of the balance test and the coordination test combined

# | task

| description

Coordination
Balance

The Test is comprised of 24 tasks in a rising level of difficulty. Try to complete as many tasks as
possible. It is important that you keep up your concentration even when you failed to complete a
task. The test is going to take this course: We do one task after the other. At first, I'm going to
demonstrate the task for you and explain its rules. While I'm doing that you are not allowed to try
the task yourself, instead you just watch and listen. When it's your turn, I'm going to repeat the aim
of the task for you. Consecutively, you try to complete the task. You only have one single try for
each of the tasks.

>
—_

One leg
stance

As soon as you're ready, you lift one knee up to the front.2 Your free foot mustn’t
touch your standing leg and should be placed between the ankle and knee of you
standing leg. The aim of this task is to keep standing on one leg for 15 seconds
(s) without leaving the initial position of your standing foot. The time starts as
soon as your foot left the ground.

One leg
stance,
moving the
free leg forth
and back

As soon as you're ready, you start swinging one leg forth and back. The aim of
this task is to stand 15s on one leg, while swinging the other. Your standing foot
may not leave its initial position during the task. The time starts as soon as your
foot left the ground.

One leg
stance after
360° turn

As soon as you're ready, you turn 360 degrees. Right after turning, you lift one
knee up to the front. Your free foot mustn’t touch your standing leg and should be
placed between the ankle and knee of you standing leg. The aim of this task is to
keep standing on one leg for 15s without leaving the initial position of your
standing foot. The time starts as soon as you completed your turn and your foot
left the ground.

* While the original balance test is comprised of 12 tasks, we included eyes-open conditions for two tasks involving only
eyes-closed conditions (jumping jack and moving a foot around two poles in the figure of eight). We chose this procedure for
safety reasons, as eyes-closed conditions are very difficult for some MS patients.

2 |n tasks involving one-legged stances, participants were instructed to stand on the leg which in their opinion was best
capable to complete the task successfully. We chose this method for economic reasons: First, using only one leg for all tasks
might have induced motor fatigue in some participants. Second, testing both legs for each task would have taken too much
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S
®| 8
S| s |# task Description
S | @
o
X | x |4 |JumpingdJack | Stand on this line with both feet touching each other and your arms relaxed
beside your body. From this position, you jump into a wider stance and lift your
arms sideways into the air simultaneously. Consecutively, you jump back into
your initial position. The aim of this task is to do 5 jumping jacks, touching the
line with at least one foot each time you land. As soon as you leave the line with
both feet, you fail the task.

X |5 | Oneleg As soon as you're ready, you lift one knee up to the front. Your free foot mustn’t
stance with touch your standing leg and should be placed between the ankle and knee of you
eyes closed standing leg. Then you close your eyes. The aim of this task is to keep standing

on one leg for 15s without leaving the initial position of your standing foot. The
time starts as soon as you closed your eyes.

X |6 | Oneleg As soon as you're ready, you turn 360 degrees. Right after turning, you lift one
stance with knee up to the front. Your free foot mustn’t touch your standing leg and should be
eyes closed placed between the ankle and knee of you standing leg. Then you close your
after 360° turn | eyes. The aim of this task is to keep standing on one leg for 15s without leaving

the initial position of your standing foot. The time starts as soon as you closed
your eyes.

x |7 | Oneleg As soon as you're ready, you start swinging one leg forth and back. Then you
stance, close your eyes. The aim of this task is to stand 15s on one leg, while swinging
moving the the other. Your standing foot may not leave its initial position during the task. The
free leg forth time starts as soon as you closed your eyes
and back with
eyes closed

X |x |8 |Oneleg With one foot, you step between these cones, your feet should be about 15cm
stance, apart. The aim of this task is to draw the figure 8 around these cones with your
drawing the leg. Keep this leg as straight as possible. You start drawing the figure 8 moving it
figure 8 sideways and then so the front around the front cone. After that, you move your
around two leg between the cones and around the back cone and place it on its initial
cones position between the cones. Try not to touch the cones on your way. Please do

the task once with your eyes open and a second time with your eyes closed. If
you don'’t feel comfortable closing your eyes, you may refrain from trying the task
with your eyes closed.

X 9 | Touch three You stand sideways to the wall with your dominant hand facing the wall holding
targets with a | the stick. The aim of this task is to touch these 3 target marks consecutively with
stick the stick. At first, you touch them with your eyes open. After that, you close your

eyes and try to hit them again. Please do this task slowly and concentrated.

X 10 | Moving pattern | The aim of this task is to move sideways to the right along the wall in a specific

along the wall

pattern. In the initial position, you are standing face to the wall with your hands
touching the wall at about the height of your shoulders. Your feet are touching
each other. Your hands are touching each other. Then you start the movement
with your right foot and your left hand. Your right foot takes a step to the right.
Simultaneously, your left hand crosses your right arm and is placed to the right of
your right hand. After that, your left foot crosses your right leg and is placed to
the right of it. Simultaneously your right hand crosses your left arm and is placed
to the right of your left hand. After each step either your arms or your legs are
crossed. Do the task in a slow and concentrated manner. As soon as you move a
limb that does not have its turn, you fail the task. The aim of the task is to
complete 10 steps in this pattern. I'm going to count for you. Please go into the
initial position. You start with your right foot and your left hand.
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X 11 | Jumping The aim of this task is to jump in a specific pattern while rotating your arms in
pattern backward circles. You stand with your arms straight behind your back, then you

make a step with one leg, jump in the air with this leg while liting the knee of
your other leg. Your arms move upwards together with your free leg. Then you
land on the leg you jumped from and make a step with the leg, repeating the
same pattern. You complete the task when you manage to do 5 jumps of this
pattern in a row.

X 12 | Catch a ball In the initial position, you bend forward, holding the ball between your knees with
between the both hands. One hand is holding the ball from the front and the other hand is
knees holding the ball from the back. In this position, your arms are placed around one

of your legs. The aim of the test is to let go of the ball and switch the position of
your hands without dropping the ball on the ground. The hand that held the ball
from the front should then be holding it from the back and the hand that held the
ball from the back is holding it from the front. Now, your arms are placed around
your other leg. You complete the task if you manage to switch the position of
your hands 3 times without dropping the ball.

X 13 | cross the For your starting position, place one foot on the beam and the other foot next to
balance beam | the beam on the ground. As soon as you're ready, walk across the beam. At the
walking end of the beam, you stop walking and stand safely with both feet on the beam
forwards for 3s.

x | 14 | Walk forwards, | For your starting position, place one foot on the beam and the other foot next to
turn in the the beam on the ground. As soon as you're ready, you start walking across the
middle and beam. As soon as you crossed the middle line, you turn 180° and walk back the
walk back way you came from. At the end of the beam, you stop walking and stand safely

with both feet on the beam for 3s.

X | x 15 | Walk For your starting position, stand with your back to the beam, placing one foot on
backwards, the beam and the other foot next to the beam on the ground. As soon as you're
turn in the ready, you start walking backwards. When you crossed the middle line, turn 180°
middle, walk and continue walking forwards to the other end of the beam. At the end of the
forwards beam, you stop walking and stand safely with both feet on the beam for 3s.

X |16 | Walk For your starting position, stand with your back to the beam, placing one foot on
backwards, the beam and the other foot next to the beam on the ground. As soon as you're
turn 360° in ready, you start walking backwards. When you crossed the middle line, turn 360°
the middle, and continue walking backward to the other end of the beam. At the end of the
continue beam, you stop walking and stand safely with both feet on the beam for 3s.
walking
backwards

x | x |17 | Cross the You may try dribbling this ball prior to the following task. For your starting
beam walking | position, with the volleyball in your hands, place one foot on the beam and the
forwards while | other foot next to the beam on the ground. As soon as you're ready, you start
dribbling a dribbling the ball. Then you walk across the beam to the other end while
volleyball dribbling. At the end of the beam, you stop walking and stand safely with both

feet on the beam for 3s.

X 18 | Walking For your starting position, place one foot on the beam and the other foot next to
forwards with | the beam on the ground. As soon as you're ready, you close your eyes and walk
eyes closed across the beam. You may touch the ground slightly while searching for the

beam with your feet. At the end of the beam, you stop walking and stand safely
with both feet on the beam for 3s.
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X 19 | Throw and You stand behind this line with the ball in your hands. The aim of this task is to
catch a ball throw the ball with one hand against this target mark and to catch it before it hits
the ground. To catch the ball you may step across the line.
(x) 20 | Throw the ball, | You stand with the ball in your hand. As soon as you're ready, you throw the ball
turn 360°, into the air, turn 360° and catch the ball before it hits the ground.
catch the ball | (We omitted this task for safety reasons.)
Reference:

Bos, K., Wydra, G. & Karisch, G. (1992). Gesundheitsforderung durch Bewegung, Spiel und Sport. Ziele und
Methoden des Gesundheitssports in der Klinik (Beitrage zur Sportmedizin, Bd. 38). Erlangen: perimed-Fachbuch-

Verl.-Ges.
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