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Abstract

This is the first of two papers intended to provide an interdisciplinary bridge between the
research worlds of whole systems of complementary and alternative medicine (WS-CAM), e.g.,
traditional Chinese medicine and homeopathy, and nonlinear dynamical complex systems (NDS)
science. NDS science offers concepts, postulates, and methods that can inform thinking about the
process of healing associated with WS-CAM. NDS studies of WS-CAM can address the
limitations of current theoretical and methodological approaches grounded in world views that
lead to the use of reductionistic and linear scientific models of human health and health care to
study holistic interventions. Holistic, non-linear, dynamically-based study designs show greater
external validity for (a) clinical theories and practices used in WS-CAM, e.g., constitutional types
interacting with the natural environment; (b) “non-specific” multi-level and sometimes abrupt
bidirectional changes in patients during treatment, e.g., healing crises and hierarchical, self-
similar healing patterns across bodily subsystems; and (c) persistence of improvements between
treatments and/or after the end of WS-CAM treatment, in contrast with drug-based interventions
that require the ongoing presence of the drug. Previous work on NDS in childhood development,
psychotherapeutic processes, and group dynamics provide useful precedents for patient-centered
WS-CAM research. NDS studies on WS-CAM can open new perspectives on dynamical
mechanisms to understand the evolution of disease and effects of various treatments. We posit
that NDS theory and methods will stimulate ground-breaking research on the processes and

trajectory of individualized healing from chronic illness during WS-CAM treatment.

Keywords: whole systems of complementary and alternative medicine, nonlinear dynamical
systems, attractor patterns, bifurcation, healing, process, individualized treatment outcomes



It is much more important to know what sort of a patient has a disease than

what sort of a disease a patient has.
— William Osler, MD
Introduction

There is a growing body of research literature in biomedicine, medical anthropology,
nursing, and public health suggesting that historical views of science and accompanying research
methods have considerable limitations when applied to the complex and dynamical processes
involved in health/illness of individual human beings, families and communities (1, 2). One
discipline from the biomedical world, complementary and alternative medicine (CAM), has been
particularly vocal about these limitations, consistently suggesting that alternative world views and
research frameworks may provide more helpful ways to investigate how disease and illness
experiences manifest within individual persons and how various interventions or systems of care
facilitate the process of healing and health promotion (3-7). These concerns follow from the use
of the Western pharmaceutical randomized controlled trial (RCT) model to study whole systems
of complementary and alternative medicine (WS-CAM) and the resultant mixed and
contradictory findings that have fueled debates over the most appropriate theoretical and
methodological approaches for testing CAM interventions and evaluating patient outcomes
(http://www.WholeSystemsResearch.org) (6, 8-14).

NIH/NCCAM defines WS-CAM as “complete systems of theory and practice that have
evolved independently from or parallel to allopathic (conventional) medicine. Many are
traditional systems of medicine that are practiced by individual cultures throughout the world.”
(http://nccam.nih.gov/health/whatiscam/wholemedical/). WS-CAM, with hundreds to thousands
of years of historical use, include classical homeopathy (Europe), traditional Chinese medicine
(TCM) (China), Ayurvedic medicine (India), and naturopathy (Europe/North America) (Table 1).

These systems of care differ in their cultural contexts and evolution, as well as in the specific



therapeutic modalities used. Nonetheless, they share variants of a vitalistic philosophy that asserts
the flow of a non-material life force throughout the living person.
[Insert Table 1 About Here]

Interconnectedness. Each WS-CAM employs its own diagnostic approach, identifying
patterns of bio-psycho-social symptoms. Yet all WS-CAM approaches treat these symptoms as
multiple manifestations of an emergent, unitary, patient-centered, rather than disease-based,
disorder in an environmental context. For example, a patient with gallstones and a behavioral
style linked to anger suppression/expression while working with other people, may find
improvement over time in both the physical condition and behavioral pattern, using one single,
therapeutically coordinated patient-centered treatment package in a WS-CAM such as TCM or
classical homeopathy. Thus, WS-CAM providers view mind and body as interlinked, and they
would not apply separate diagnoses or multiple isolated treatments for these two seemingly very
different symptoms from the perspective of Western medicine.

Global and Local Effects. The objective of WS-CAM interventions is treating the overall
disease process of the person as an integrated whole organism, rather than seeking separate magic
bullets for each symptom (Figure 1). In short, WS-CAM embrace beliefs that posit (a) a global
person-level-of-scale emergent and (b) local (subsystem) level-of-scale behaviors that interact,
shape each other’s expression, and share fundamental properties and change collectively with
treatment..(15) “Side-effect” is a less relevant term for WS-CAM therapies, as these therapies
intend to produce broad, “non-specific,” rather than narrow, “specific” effects at the outset, in
contrast with most pharmaceutical drugs (8, 12, 16, 17).

[Insert Figure 1 About Here]

The Role of Environmental Context. In contrast with endogenous mechanistic, local
disease-focused diagnoses of mainstream Western medicine, many WS-CAM also utilize
information about environmental contextual factors as intrinsic aspects of the patient’s diagnosis

and invoke modifications of the person’s lifestyle within the environment as part of the treatment



plan. Thus, effects of hot or cold external temperatures, ingested foods and beverages, dryness or
dampness, environmental odors, seasonal changes, and circadian times of day make a difference
in the diagnosis, treatment plan, and patient outcomes (18-23). In many WS-CAM, the social
environment is also relevant to the diagnosis and treatment of the person. For example,
homeopaths consider whether symptoms are exacerbated or alleviated when the person is alone or
when with other people. Many CAM clinicians consider lessening or resolution of such
environmental reactivity as one aspect of overall therapeutic benefit. Therefore, while each WS-
CAM has distinct characteristics and treatment models, they also converge conceptually to
suggest the need for new theoretical and philosophical approaches to health/illness that account
for the complex, ever-changing dynamics of a person in transaction with their internal and
external environments (24) (Table 2).

[Insert Table 2 About Here]

General Research Implications. The recent research literature in WS-CAM highlights
this need for greater external validity in research studies to capture the full clinical process and
outcomes (Figures 2a, 2b). One factor in the inconsistencies between studies and the frequent
divergence between RCT findings and clinical claims is that the underlying world view
assumptions of the scientific methodology (reductionism and materialism/mechanism) are a
mismatch for those of the clinical WS-CAM field under study (e.g., holism) (25). Western
medicine assumes linear, local direct causality of disease and of healing, whereas WS-CAM
assume constitutional (person-level) diagnoses encompassing biopsychosocial clinical patterns of
presentations and predict complex, often indirect processes of change in time and space (body
parts), as inherent to a good therapeutic response (19-26).

[Insert Figure 2a, 2b About Here]

A second factor in the clinical observation-research findings schism is the WS-CAM

belief that the biopsychosocial environmental context affects the individual’s constitution and

plays a central role in their diagnoses and treatments. That is, certain constitutions are better or



worse under particular environmental circumstances. Western medical practice may separately
acknowledge these influences, but they are not intrinsic to the diagnosis or choice of drug as they
are in WS-CAM. Conventional observational/effectiveness study designs may offer some
advantage for capturing real-world contexts and dealing with the differences between WS-CAM
and pharmaceutical drugs (6), but they can still fall short methodologically.

Various investigators have proposed that complex systems theory, involving nonlinear
dynamical systems and network models and their various methodological approaches offer a
holistic and modern research framework for reconsidering some of the challenges that WS-CAM
studies pose within a reductionistic design framework (13, 25-35). Complexity is a holistic
science that studies systemic processes and patterns within and between levels of organizational
scale in systems evolving over time in environmental context, whereas conventional medicine is a
reductionist science that studies reproducible local content and single-agent effects (specific
mechanisms, specific symptoms in specific structures) at points in time (36-43). As a result,
complex systems science has a greater capacity than does reductionist conventional medical
science for enabling studies to accommodate the theories and capture the clinical practices and
observations of WS-CAM with greater external validity (13, 25, 26, 44). The current papers go
beyond previous theoretical reviews in a given WS-CAM to (a) synthesize the case for
applications of complexity science and NDS research approaches to practice theories of WS-
CAM and (b) propose a concrete program of possible studies for operationalizing the conceptual

argument.

Conceptualizing Clinical Conditions and Change with Complex Systems Science: Prior
Research in Conventional Medicine and Psychotherapy

Complex systems science is a relatively new field that studies “how the parts of a system
give rise to the collective behaviors of the system and how the system interacts with its

environment” (http://necsi.org/guide/study.html) (41). The parts of a complex system are inter-



dependent and self-organize to generate a whole with emergent properties greater than the sum of
the parts (45). Moreover, complex systems exhibit nonlinear dynamics, i.e., change over time in
which the nature and magnitude of the change is disproportionate to the nature and size of the
perturbation that mobilized the change (the butterfly effect in weather; the princess-and-the-pea
effect of childhood fairytales) (39, 46). Time plays a much more prominent role in characterizing
the real-time dynamical and evolutionary time features of a complex system than it does in
mainstream mechanistic science.

Living systems are open systems, adaptive to their environment, with which they interact.
Several authors have pointed out the potential relevance of complexity science to certain
“dynamical diseases” such as epilepsy, cardiac arrhythmias, diabetes, cancer, and depression(36,
37, 47-52) and to conventional medical interventions overall (2, 53). Tschacher and Junghan (54)
summarize the NDS view that “disease is thus equivalent to a significant change of a system’s
dynamical engine, such that pathological behavior evolves out of healthy behavior by way of a
phase transition between two dynamical regimes. The expectation is that rather than the system
per se, it is only the dynamics which is [sic] pathologically altered.”

Causality in complex systems is typically indirect and nonlinear because of the
emergence of distant physical effects that are remote in time from the original point of action of
the initiating stimulus (e.g., disease agent, or therapeutic intervention(s)). As Liebovitch et
al.(55) comment, “...biology is not linear, it is a network of highly nonlinear genomic and
proteomic interactions...Everything is connected to everything else. In this beautiful and tangled
complex web, any therapeutic interaction spreads throughout the entire network of interactions.
There is no single effect that can be associated with a single cause. A single therapeutic
intervention does not produce a single desired effect, it produces many ‘side effects’.”

What Liebovitch et al. say about interdependent networks in biology (genes, proteins,
cells, organs) is also valid for many other types of networks at higher levels of organizational

scale, such as those studied in individual and interpersonal psychology, and social systems



research. A key point about complexity science is the self-similarity (fractality) of structural
patterns and functional dynamical processes across levels of scale for both space and time
(http://www.SocietyForChaosTheory.org/) (37, 56). A common example of fractality in its
branching structure is the self-similarity of the components of the lungs across levels of scale.
Several review papers and texts provide excellent introductions to the theories and methods of the
field (36, 37, 39, 41, 42, 46, 57). The website http://mww.WholeSystemsResearch.org also
provides glossaries with definitions of complex systems, NDS, and WS-CAM concepts for
readers unfamiliar with one or the other field.

Conceptualizing Disease as Stuckness in Repetitive Dysfunctional Patterns. In an
individual patient, clinicians routinely observe complexity and dynamics in action (36, 37, 57-
61). Psychotherapy patients, for instance, often present as stuck in repetitive dysfunctional
behaviors or relationships (62). Week to week, they come to sessions, describing events and
interactions that play out with similar responses by them to similar events, ending with the same
emotions, such as fear, anxiety, anger, sadness, and/or frustration. That is, their process is similar
week to week, even though the specific content of the event details differs. If the identified
patient tries to change his/her behaviors, the people in their dysfunctional social network
environment expect and require “business-as-usual” from the person. In fact, they say and do
things to push the patient back into and elicit the more familiar and usual behaviors, e.g., being
the victim of abuse or taking addictive drugs (63). Without effective therapy, even if patients
manage to extricate themselves from one negative or abusive relationship, they seem remarkably
able to find another abuser in an entirely different person for their next relationship.

In complexity terms, this patient is a system with a stable, unhealthy, and rigid attractor
pattern of individual and interpersonal dynamics that manifests as a limited range of behaviors
that he/she knows how to emit in response to external events (62, 64-68). An attractor is defined
as “a box of space in which movement (of system dynamics) could take place or not”(46). More

rigid attractor patterns include fixed point attractors and limit cycles (and correspond with less



healthy, i.e., less complex, dynamics), whereas more flexible attractors are certain chaotic
attractors or complexors (and correspond with more healthy, optimally complex dynamics)
(Table 3) (68-70).

Living systems self-organize in a dynamic balance between excessive order (e.g., death)
and complete chaos (e.g., ventricular fibrillation). Lipsitz and Goldberger proposed that aging and
disease lead to a loss of complexity — and hence, loss of adaptability to environmental challenges
-- in physiological and behavioral systems (61, 71). Subsequent studies support their contention
across a wide range of conventional clinical diagnoses, including unipolar and bipolar depression,
bipolar disorder, posttraumatic stress disorder, Alzheimer’s disease, epilepsy, Parkinson’s
disease, multiple sclerosis, diabetes mellitus, and various cardiac diseases (36, 37, 47, 72-79).

[Insert Table 3 About Here]

Understanding Treatment in Complex Systems Terms. During most types of
psychotherapy, the deeper therapeutic goal is not merely to give the patient support and solace for
the emotional pain of each adverse event. Rather, the goal is to help him/her recognize the
process that generates the same undesirable outcomes, change the process to a more resilient and
adaptive process, and maintain those changes despite subsequent environmental challenges. In
complexity terms, the therapeutic goal is to destabilize the system out of his/her usual behavioral
patterns (disrupt usual dynamics — see bifurcation dynamics, Figure 2e), thus fostering transition
from a rigid attractor pattern into a healthier, more flexible behavioral pattern (i.e., more complex
and adaptive attractor pattern) (62, 68).

The concept of individual differences in nonlinear dynamics of treatment responders
versus non-responders also argues for evaluating patient dynamics at baseline and at follow-up
visits in the course of prospective, long-term observational trials, whose duration can span years
rather than a few months. Individuals who do and do not report clinical improvements in such
observational studies should have already completed any treatment-initiated phase transitions and

re-stabilized into post-treatment attractor patterns. Together with other methodological issues,
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these points could help account for the consistently positive findings in favor of WS-CAM in
observational studies, (80-83) as contrasted with the mixed conclusions of RCTs (84-87).

Sudden Change in Clinical Course: NDS Implications. The transition process towards
recovery (healing) in psychotherapy sometimes parallels the healing crises reported during WS-
CAM treatment. For instance, Pincus (46, 62) notes that previous psychotherapy researchers
(88) have observed sudden transitions in patients with successful outcomes. Some depressed
patients abruptly experience transient worsening of symptoms prior to improvement (potentially a
bifurcation of system dynamics). Other psychotherapy patients with depression, perhaps as many
as 42%, undergo sudden gains, especially early in treatment, that lead to sustained positive
outcomes (89). In a two-year follow-up study, patients with sudden gains during cognitive
therapy had a 74% lower relapse risk than responders without a history of sudden gains during
treatment (90). Studying the actual process of therapy with qualitative and quantitative tools,
rather than merely assessing the outcome endpoints, is emerging as a strategy for psychotherapy
research that may inform parallel considerations for WS-CAM (91-93). Process-outcome studies,
including evaluation of session by session events, for instance, may help document the nature of
the therapy actually delivered and the patient’s trajectory of response.

The patterns and processes of the individual — good and bad -- travel through life with
him/her unless persistently modified. There is a body of conventional research on psychotherapy
versus psychopharmacology treatment that suggests that even though panic disorder or depression
patients treated with cognitive-behavioral therapy (CBT) versus psychopharmacological drugs
have comparable short-term benefits in RCTs, it is the CBT-treated individuals who show better
maintenance of improvements over time after cessation of the intervention (90). Drug-treated
patients relapse sooner, potentially because they only temporarily experienced externally-forced
changes in their brain chemistry, but had not learned to modify their intrinsic process of
interacting with the world. The psychotherapy-treated patients learned new and healthier ways of

interacting with their environment that allow them to draw on those tools even after therapy ends.
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Complexity concepts also can apply to treating medical pathology. Experimental studies
have shown the ability to re-set apneic episodes to normal breathing patterns by administering
low-level vibratory stimulation to preterm sleeping infants (94). Cardiology researchers have
aborted heart arrhythmias and normalized heart function by giving small, irregularly timed
electrical stimuli to the heart based on nonlinear dynamical modeling (95). Again, the nonlinear
effects of the intervention are carried forward in time by changes in dynamics of the system, not
by the intervention itself.

In the medical setting, conventional medical providers see many patients with chronic
conditions who return over and over with flares of the condition under the same types of
environmental factors or stressors. The usual intervention is to suppress the symptoms, not to
alter the dynamics of the system generating the symptoms. A common example is asthmatics who
have attacks from pollens during spring allergy season, aerobic exercise, a spike in outdoor air
pollution, and/or eating peanuts (albeit individually-salient factors on an individual basis).
Conventional drug treatments strive to block the local tissue and cellular mechanisms for the
expression of the asthmatic symptoms in the moment. When the asthma drugs are stopped,
however, symptoms rebound and relapse quickly. In contrast, studies suggest that certain CAM
interventions act less like symptom-suppressing drugs and, instead, more like nonlinear agents of

change to trigger the person as a system to change course in his/her dynamics (32, 96).

Conceptualizing WS-CAM Therapies in Complex Systems Terms.

Constitutionally-oriented WS-CAM therapies strive to alter the whole-person process
underlying susceptibility to the environmental allergens and irritants gradually over time, rather
than directly preventing expression of symptoms (Figure 1). In classical homeopathy, for
instance, Sherr (97) has written: “The fixed verb is a constant factor in any proving or case,
repeating on every level...In pathology, a person will tend to excel at performing their main verb

while failing at everything else...As pathology advances it becomes progressively more static,
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just as all verbs flow into nouns. Nouns (arthritis, tumor, neurosis) are the end result of a
pathological process that began dynamically and ended as a fixed entity... The “verb’ of a case or
remedy is its most dynamic expression...Western physiology and pathology focuses on nouns. In
homeopathy, these nouns are termed affinities. Systems of analysis such as the four elements (or
Chinese five elements) focus on adjectives — color, taste, temperature, etc. VVerbs run silently
behind these components, lending them motion and life.” Sherr (97) also notes: “This restricted
verb pervades the whole organism. As a stuck repetitive action [cf. rigid attractor dynamics?],
people often express this verb as ‘must’, ‘have to’, ‘should’, ‘need to’ etc.”

When patients finish successful WS-CAM treatments, they reportedly maintain
improvements for extended periods of months or even years (96, 98-100). Thus, although the
levels of scale, the nature of the interventions, and outcome variables may differ, successful
psychotherapy and WS-CAM interventions may have more in common with one another for their
dynamical system process effects than they do with drug-based treatments. Adapting theories,
knowledge, and techniques from dynamical systems-related studies of psychotherapy could
accelerate advances in research on WS-CAM.

As do complexity researchers, WS-CAM clinicians and scientists look for emergent
patterns as evidence of what the person as an indivisible system does in his/her world context. To
intervene in the person’s dynamics, an NDS-based model is that practitioners of WS-CAM are
either (a) manipulating the balance of the person as an integrated functional network (changing
the interaction rules for the body parts or subsystems that comprise the person, e.g., with TCM or
Ayurveda) or (b) altering the control parameters of the whole person, thereby driving changes of
function at the global level and local subsystem levels hierarchically across levels of
organizational scale (e.g., with an individualized homeopathic remedy).

Consequently, the time course and patterns of change across multiple levels of scale in
the person may be seemingly dilatory and lengthy, requiring longer study durations more typical

of observational trials than of RCTs to document (6, 99, 101, 102). A complex systems
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framework for understanding the healing process in WS-CAM suggests the likelihood of greater
variability of outcomes early in treatment rather than, necessarily, rapid resolution of any given
specific symptom(s) in a local body part. Viewing even local symptoms as behavioral
manifestations of dysfunction of the person as a whole system means that healing is a person-
wide nonlinear dynamical process involving changes at global and multiple lower levels of scale
in a hierarchically self-organized complex adaptive system.

The abrupt worsenings and improvements reported in psychotherapy patients (88) or
abrupt shifts in clinical trajectory of medical patients treated with small, specially-timed
interventions (36) sound parallel to the healing crises (aggravations) and clinical course of
symptoms reported in many WS-CAM. For instance, WS-CAM clinicians variably estimate the
incidence of healing crises and aggravations, as well as intervening sudden onset colds and flu,
early in treatment of patients with a variety of chronic illnesses at a range of 3-40% of their cases
with a variety of conventional diagnoses (20, 98, 103-105). WS-CAM researchers have termed
the sudden events as “unsticking” and the periods of transitional instability as “unstuckness” (24,
100). Retrospective chart review and prospective studies of outcomes in WS-CAM patients with
and without histories of sudden early changes for better and/or worse could yield novel ways to
identify individuals who will eventually become optimal treatment responders and facilitate triage
of likely non-responders to other treatment programs.

As noted above, in dynamical systems, abrupt bi-directional transitions are labeled
“bifurcations” and can lead to transitional periods and then, to new, more stable patterns. Phase
transitions in themselves do not necessarily resolve with stabilization into clinically improved
system dynamics. Patients could undergo a phase transition and end up in a new, stable, but still
relatively rigid dynamical pattern (Figure 4). Data from the Lewith et al. (106) study of
homeopathically-prepared dust mite in asthmatics are consistent with this hypothesis. Verum
patients oscillated up and down in direction for all three of their outcome measures over 16

weeks, but showed no net clinical benefit from the intervention (which was isopathy, not
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homeopathy in its clinical approach) (32). The ability to assess individual differences at different
points in time in the process of change and healing during WS-CAM treatment could lead to
innovative N-of-1 dynamical study designs.

A testable hypothesis is time-based. That is, certain WS-CAM therapies, notably those
that target root disturbance, serve as nonlinear agents of change in triggering persistent changes in
individual dynamics at a system level of the person that outlast the duration of treatment, in
contrast with conventional drugs that cause specific biochemical effects only while present in the

system.

Examples of Methodological Approaches from Complex Systems Science with Implications
for WS-CAM Research

In Part 11, we will discuss a wide range of methods in complexity science and NDS that
offer innovative approaches to studying patients as complex adaptive systems and the healing
process as longitudinal non-linear dynamical change. One of the areas of health and healing in
which preventive medicine and WS-CAM converge in terms of goals is health promotion and
optimizing wellness and well-being. The World Health Organization’s definition of health, for
instance, is: “Health is not only the absence of infirmity and disease, but also a state of physical,
mental, and social well-being.”

NDS researchers may have operationalized the WHO definition of multi-scale well-being
in terms of human flourishing. For instance, Fredrickson and Losada (68) used a set of
differential equations to model the dynamics of human flourishing from judges’ ratings of, e.g.,
(videotaped) behaviors. Optimal complexity and adaptability in the behavioral attractor pattern of
the person corresponds to the flexible type of complexor seen in Table 3d (68-70). Languishers
exhibited behavioral dynamics more like limit cycle attractors (Table 3b).

Furthermore, the mathematical models for conditions under which systems manifest well-

being revealed that ratios of positive to negative (P/N) system behaviors of at least 2.9:1 as a cut-
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off for birfurcation (then, up to a limit of 11.6:1) occur in systems that generate the healthier,
optimally complex dynamics in the short-term and greater objectively-measured success in the
long-term. In contrast, positivity-negativity ratios below 2.9 correlate with more dysfunctional,
rigid dynamics and poorer outcomes. Ratios around 5-6:1 appear predictive of the highest
productivity in business teams or the long-term survival of marriages. We posit that the dynamics
of human flourishing may hold great relevance for studying the positive dimensions of clinical
outcomes, including positive life-altering transformative changes, reported in a subset of patients
treated with various WS-CAM, beyond absence of disease (16, 98, 107, 108).

Using a mathematically less-intensive method, Hollenstein, Granic, and colleagues have
published several studies using a graphical technique called state-space grids (SSG) to document
system dynamics within one individual or between two people (66, 67, 109). They have assessed
the real-time patterns of interactional behaviors between mother and child or between adolescents
in flexible versus rigid relationships from coded videotapes of conversations (Table 3) (65-67,
93). Repeated measurement of real-time dynamics, sampled longitudinally during therapeutic
intervention, revealed the impact of treatment via changes in the system’s behavior patterns.
Individuals who responded well clinically exhibited more flexible (less rigid) dynamical patterns
in their behavioral attractors on SSGs, whereas poor responders remained measurably stuck in
their rigid attractors. Thus, real-time dynamical patterns can predict future clinical outcomes, e.g.,
which adolescent goes on to exhibit delinquent behaviors (110).

[Insert Figure 3 About Here]

Figure 3 provides a visualization of a natural transitional process during human
development from a given behavioral attractor pattern of a child who enters adolescence and
undergoes an abrupt disruption into a bifurcation (two stable dynamical states, e.g., clinical
worsening and clinical improvement) and, ultimately, a phase transition (one stable dynamical
state), re-stabilizing over a period of years into a new and different attractor pattern of behavioral

dynamics (65). As Hollenstein notes, state space grids can reveal bifurcations and phase
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transitions in the individual by showing (a) greater variability of real-time patterns during
transitional periods as compared with previous status; and (b) lack of consistency across
measurement occasions (67).

[Insert Figure 4 About here]

Researchers have applied SSG methods to study the evolution of pathological behavior
and/or the process of recovery during treatment of a person or social system. The potential
application of SSGs to research on the evolution of the healing process during treatment with
WS-CAM is obvious. During treatment, patients with clinical favorable outcomes should show
changes in their dynamics from rigid attractors to more flexible attractors that analysis of their
videotaped behaviors (65, 66, 93, 111, 112) (including use of language patterns) (78, 113, 114)
and/or physiology (56) over time could capture. Graphing an individual behavior on one axis and
time-locked physiological activity on the other axis would allow dynamical studies across levels
of organizational scale within the individual person (66, 67, 93, 115). Non-responders will exhibit
little or no dynamical alteration from their stably rigid attractor patterns at baseline. These
methods could also apply to research on therapeutic relationships emerging from WS-CAM
patient-provider-environment interactions.

We propose that some of the problems in reproducibility between different RCTs of WS-
CAM derive from the ability of these therapies to de-stabilize patient dynamics and cause
bifurcations and phase transitions that begin at various times and run through the end of the short
study durations typical of RCTs, e.g., 12-16 weeks. Thus, average outcomes in verum treatment
groups could reflect differential status of individual patients in various phases of dynamical
oscillation during the process of change. Averaging outcomes over a group would risk canceling
one patient’s ups with another’s downs on a given variable, much as sine waves 180 degrees out
of phase cancel each other (25). The averaging procedure thereby yields an apparent lack of net
group effect, even though the individual dynamics under verum are markedly different from those

of placebo patients (who are truly dynamically unchanged over time as a group) (32).
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The SSG technique also could facilitate capturing individual healing crises as sudden-
onset destabilized periods (bifurcations, phase transitions) in true healing processes followed by
re-stabilization into more flexible attractor patterns, as compared with the persistently more rigid
dynamical attractors of ineffective verum- and placebo-or sham-treated individuals. Mere
psychological shifts in response set such as a re-calibration of current perceived status compared

with baseline status should manifest with minimal change in actual dynamical patterns over time.

Conclusions — Part I.

The NDS approach for studying individual patient outcomes in WS-CAM research offers
theory-driven models that map with at least face validity onto phenomena that practitioners report
in evaluating and treating their patients within the real-world. Over long-term treatment, the
persistence of changes for weeks to months between treatments and/or after cessation of
treatment is one clinical indicator of effective WS-CAM therapies. The persistence of effects may
be a unique feature of dynamical therapies and runs in distinction to conventional drug-like
mechanisms requiring the ongoing presence of the treatment agent.

Complexity/NDS empirical and computer simulation techniques permit a more holistic
assessment of the person’s dynamics without dissecting the system into separate subsystems
isolated from each other and from their environmental context. These NDS approaches use the
patient’s own words and behaviors in real time as the raw data, (116-118) avoiding
methodological pitfalls from relying on subjective self-assessments by questionnaire summary
ratings of symptoms or states. Self-ratings are prone to distortions as a function of high levels of
social desirability or trait defensiveness or response shifts over time with recalibration of recall of
baseline status, as well as lack of awareness of one’s own recurrent, dysfunctional patterns of
behavior while in the middle of expressing these behaviors (12).

As starting points for NDS studies of patient dynamics during WS-CAM treatment,

constitutionally-oriented homeopathy and TCM offer the most promising model interventions that
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could alter control parameters in the person-system (Table 2). Their practice theories involve
concepts that appear to translate in heuristically useful ways into modern concepts of
NDS/complexity/network science. Furthermore, the homeopathic simillimum remedy translates
into a motif (a recurring element that symbolizes the theme) (119) for potentially shifting the
dynamics of the disease attractor into a bifurcation or phase transition at global and local levels
(cf. Vasquez) (Figure 2a).

The typically multi-modal/multi-component, but still coordinated, set of treatments in
TCM translate into potential dynamical modulators for optimizing connectivity across the
network organization of the person as a system (Figure 2b) (55). Moreover, homeopathy and
TCM as exemplar whole systems of CAM provide an opportunity to compare and contrast
interventional approaches that differ markedly in the number of treatment agents utilized to bring
about therapeutic shifts in the dynamics of the individual, that is, one provider plus one
homeopathic remedy versus one provider plus a multi-modal package of TCM care (acupuncture,
moxibustion, Chinese herbs, gi gong, etc) (16, 107, 120, 121). Complexity/NDS methods offer
novel approaches for documenting individual short-term responses and the trajectory of long-term
outcomes in response to interventions. As a result, NDS methods can facilitate studying the
treatment and healing process — including when and where they may go well or badly. In Part 11,
we will outline a proposed research agenda for studying WS-CAM from the perspective of

complexity science and NDS.
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Table 1. Leading Whole Systems of CAM and Therapeutic Components. All WS-CAM

Individualize Selection of Treatment Program for Each Patient.

Trained Provider
Homeopathic Remedy
Acupuncture

Herbs & Supplements

Detoxification Procedures

Dietary Changes

Specialized
Exercise/Movement Therapy

Massage/Structural

Therapies

Patient Self-Care Education

Homeopathy
Yes

Yes

No

No

Yes, in terms of
removing
“obstacles to
cure” (but no
specific
therapies given)
Yes, in terms of
removing
“obstacles to
cure” (but no
specific diets or
nutrients

advised)

No

No

Yes, but lesser
component of

care

TCM
Yes
No
Yes
Yes

Yes

Yes

Yes (Tai Chi, Qi
Gong)

Yes (Tui Na)

Yes

Ayurveda
Yes

No

No

Yes

Yes

Yes

Yoga

Yes

Yes

Naturopathy
Yes

Yes, varies
Yes, varies
Yes

Yes

Yes

Yes (aerobic)

Yes, varies

Yes, major component of

care
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Table 2. Intersection of Primary Therapeutic Strategies with Complexity Concepts

Therapy acts as a
nonlinear change
agent in the person by
directly manipulating
the multi-scale control
parameters of the

person as a network

Therapy acts on the
individual’s
environmental context
(e.g., specific diet,
avoidance of damp or

dry climates)

Homeopathy”

++++

(Remedy triggers
change in accord
with Hering’s Law of
Cure — hierarchical
endogenous healing
process from above
downward, from
inside out, in reverse
order of time of

appearance)

+
(Remove obstacles
to cure by the

remedy)

TCM’

++++
(Acupuncture
meridian and
point network
regulating qi to
create
endogenous
harmony,
balance, and flow
of energy
throughout the
person-system
and in
relationship to
the environment)
+++

(Diet)

Ayurveda

++

(Ayurvedic
therapies focus
a great deal on
improving the
environmental
context or
fithess
landscape of
the patient
working with
the limitations
of the

constitution)

++++
(Detoxification

& Diet)

Naturopathy
+/-
(Varies, depending on
therapist’s use of

homeopathy and/or

acupuncture in treatment

plan)

++++/-

(Varies, depending on
therapist's use of diets,
herbal and nutritional
supplements, other
modalities external to

individual.)

* See Figures la and 1b for additional descriptive diagrams reflecting clinical practice

theories of homeopathy and TCM.
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Table 3. Different Types of Attractor Patterns and Changes in Nonlinear Dynamical

Systems”

(a) Fixed Point Attractor

(Associated with dysfunctional behaviors and/or

physiology) (122)

(b) Limit Cycle (Periodic) Attractor

(Associated with intermediate levels of behavioral and

physiological function) (122)

(c) Toroidal Attractor (Nonperiodic) (122)

(d) Chaotic Attractor (Complexor)
(Associated with healthier functioning behaviorally
and physiologically)

(http://lwww.societyforchaostheory.org/tutorials/)

(e) Change through Bifurcation Points from One
Attractor Pattern to Another

(Note the discontinuous shifts in dynamics at each
bifurcation point)

(http://www.societyforchaostheory.org/tutorials/)

PERIGH 1; Frard palet ARraciar

PE RO ; Limi Cpede Alvacion

furcannn gaim
Jenziate|
Wl = contral parsmotine,
hisde o mided paramcier

Arce densts paltems

al imtabisity

NOTE: Sources identified in body of table
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Figure 1. Conceptual Model for Points of Intervention in WS-CAM versus Drug Clinical
Interventions and for Research in Complexity Science versus Reductionist/Mechanistic
Science. WS-CAM therapies (targeting the individual's constitution) and complexity scientists
(studying the systems/network phenomena) manipulate the initial conditions (rules by which the
parts interact with one another) for the processes of the system at whatever level of scale is
under investigation (organism, organ, cell, genes/proteins, etc.) and then evaluate the emergent
behavioral patterns of the person as the dynamics unfold over time. Conventional medical
reductionists intervene at and evaluate manifestations of specific mechanisms and their

associated local symptoms.
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1 Fkokias and Suicidal
Drepression

2 MNewrological Symploms

3 Irritability

4 Licer Dysfunclion

5  Skin Eruption

Figure 2a. Example of Hierarchical Healing in Phases, From Above Downward and
From Inside Outward over Time during Constitutional Homeopathic Treatment with the
Simillimum Remedy, in accord with Hering’s Law of Cure in Homeopathic Practice Theory
(Source: Vithoulkas 1980) (105). Homeopathic remedies are prepared from any of over 3,000
different natural animal, mineral, and plant sources, serially diluted in ratios of 1/10 or 1/100 in
alcohol-water solvent, and vigorous shaken multiple times after each dilution step. Basic science
studies suggest that the turbulence introduced by the succussion process is essential to
generating a therapeutic agent with properties different from those of plain solvent (123-130).

Practitioners choose the simillimum, the single homeopathic remedy from a specific
animal, mineral, or plant source chosen to match the recurring and repetitive pattern of symptom
manifestations or motif that runs across levels of scale through the patient’s complete
biopsychosocial case history and that occurred during drug development testing when healthy
individuals took the same remedy (Law of Similars: Like Cures Like). A remedy that is not the

simillimum for the individual can exert a disruptive but non-therapeutic effect on the person.
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A simillimum remedy'’s information carries a
healthier dynamical template for systemic organization and
function than does the disease attractor in which the
person is stuck. The remedy itself appears to function as a
momentary exogenously-derived control parameter for the
endogenous dynamics of the person-system, carrying
environmental information from animal, mineral, or plant

kingdoms that is somehow similar to but not identical with

the disease attractor (cf., sensitivity to initial conditions)and

that initiates dynamical change .
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Figure 2b. Relationship of Microcosmic Elements in Chinese Medicine Practice Theory that
are Interdependent and Interactive; Network Character of Meridians and Acupuncture
Points (Sources: http://www.clairebattersby.co.uk/tcm/diagnosis;
http://marinorientalmedicine.com/acupuncture.html, accessed 3/5/09). : In Chinese Medicine,
the human body is a microcosm of the larger macrocosm of the natural world (environment).
Health involves a harmonious balance between yin and yang (potentially translated into optimal
connectivity, flow, and coherence of subsystems within the larger network system that is the
person ) in each of the 12 organs (as defined in Chinese medicine, not necessarily identical to
Western organs), as well as global factors of qi (vital life force) and blood/body fluids. Disease
occurs when the dynamic balance of yin and yang is disrupted by excess or deficiency. Strong

internal states such as anger or fear and external factors (infectious agents, trauma, toxins, heat,
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cold, damp, dryness, fire; change of seasons, weather events) can cause disharmony and lead to
disease. The five elements of fire, earth, metal, water, and wood interact and interregulate one
another in a cycle (potentially nexi for information flow across the nodes and hubs/subsystems of
the person). For diagnosis, Chinese medicine practitioners use patient symptom patterns and
physical examination (taking specialized pulses and evaluating specific tongue properties such as
shape, color, coating). Treatments to re-balance and harmonize often include individualized multi-

modal packages of care, e.g., acupuncture, Chinese herbs, gi gong.
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Neutral
Mother

Figure 3. State Space Grid Plots of Relatively Flexible versus Rigid Mother-Child
Interactions Based on Ratings of Videotaped Behaviors during Discussions of Neutral or
Conflictual Topics (67). Hollenstein operationalizes flexibility in State Space Grid measures by (1) the
range or number of different behavioral states (count of cells occupied); (2) number of transitions between

states in terms of trajectories (dispersion);(3) tendency to get stuck in a small number of states

(perseveration=average of all of the individual cell mean durations).



27

Developmental profile

old stable state

new stable state

B
L

Phase Transition

Tt_ _| »
G-
~e o8

Real-time portraits

b

Figure 4. Diagram of a Behavioral Phase Transition. Example of a Child (stable attractor
pattern) Entering Adolescence (phase transition with increased dynamical instability) and
then Young Adulthood (new but different stable attractor pattern) - Source: Hollenstein
2007) (67) The phenomena of “ unsticking” and ““unstuckness” described in the qualitative literature on
patient change during CAM therapies may correspond respectively to a catastrophe or bifurcation point at
the beginning of a phase transition, respectively in the individual’s dynamics. The dynamics may
restabilize during effective WS-CAM treatment into a more adaptive and flexible attractor pattern, i.e.,”
transformation”, whereas ineffective treatment would leave the individual either in the original disease
attractor or in a different, but still maladaptive disease attractor dynamical pattern. The real-time portraits
in this Figure represent state space grid plots of two behaviors (either behavioral states of two different

people or two different behaviors of the same person) on the x and y axes.



28

References

1.

10.

11.

12.

13.

14.

15.

Anderson RA, Crabtree BF, Steele DJ, McDaniel RR Jr.: Case study research: the
view from complexity science. Qual Health Res 2005 May;15(5):669-85 2005;
15(4):669-685.

West B: Where Medicine Went Wrong: Rediscovering the Path to Complexity
(Studies of Nonlinear Phenomena in Life Science): World Scientific Publishing
Company; 2006.

Ritenbaugh C, Verhoef M, Fleishman S, Boon H, Leis A: Whole systems
research: a discipline for studying complementary and alternative medicine.
Altern Ther Health Med 2003; 9(4):32-36.

Verhoef M, Lewith G, Ritenbaugh C, Thomas K, Boon H, Fonnebo V: Whole
systems research: moving forward. Focus on Alternative and Complementary
Therapies 2004; 9(2):87-90.

Verhoef MJ, Lewith G, Ritenbaugh C, Boon H, Fleishman S, Leis A:
Complementary and alternative medicine whole systems research: Beyond
identification of inadequacies of the RCT. Complement Ther Med 2005;
13(3):206-212.

Fennebg V, Grimsgaard S, Walach H, Ritenbaugh C, Norheim AJ, MacPherson
H, Lewith G, Launsg L, Koithan M, Falkenberg T, Boon H, Aickin M.:
Researching complementary and alternative treatments--the gatekeepers are not at
home. BMC Med Res Methodol 2007; 7:7.

Walach H: The efficacy paradox in randomized controlled trials of CAM and
elsewhere: beware of the placebo trap. Journal of Alternative & Complementary
Medicine 2001; 7(3):213-218.

Walach H, Jonas WB.: Homeopathy. In Lewith G, Jonas WB, Walach H. (eds).
Clinical Research in Complementary Therapies. Edinburgh: Churchill,
Livingstone; 2002, pp. 229-246.

Aickin M: The importance of early phase research. J Altern Complement Med
2007; 13(4):447-450.

Jonas WB: The evidence house: how to build an inclusive base for
complementary medicine. Western Journal of Medicine 2001; 175(2):79-80.
Schulman D: The unexpected outcomes of acupuncture: case reports in support of
refocusing research designs. Journal of Alternative and Complementary Medicine
2004; 10(5):785-789.

Oberbaum M, Singer SR, Vithoulkas G.: The colour of the homeopathic
improvement: the multidimensional nature of the response to homeopathic
therapy. Homeopathy 2005; 94(3):196-199.

Bell IR, Caspi O, Schwartz GE, Grant KL, Gaudet TW, Rychener D, Maizes V,
Weil A: Integrative medicine and systemic outcomes research: issues in the
emergence of a new model for primary health care. Archives of Internal Medicine
2002; 162(2):133-140.

Boon H, Macpherson H, Fleishman S, Grimsgaard S, Koithan M, Norheim AJ,
Walach H: Evaluating Complex Healthcare Systems: A Critique of Four
Approaches. Evid Based Complement Alternat Med 2007; 4(3):279-285.

Vasquez A, Dobrin R, Sergi D, Eckmann JP, Oltvai ZN, Barabasi AL: The
topological relationship between the large-scale attributes and local interaction



16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

217,

28.

29.

30.

31.

32.

33.

29

patterns of complex networks. Proceedings of the National Academy of Sciences
of the United States of America 2004; 101(52):17940-17945.

Gould A, MacPherson, H.: Patient perspectives on outcomes after treatment with
acupuncture. Journal of Alternative and Complementary Medicine 2001; 7:261-
268.

Paterson C, Britten N: Acupuncture for people with chronic illness: combining
qualitative and quantitative outcome assessment. Journal of Alternative &
Complementary Medicine 2003; 9(5):671-681.

Lad V: Textbook of Ayurveda, Volume One (Fundamental Principles): Ayurvedic
Press; 2001.

Lad V: Textbook of Ayurveda, Volume Two (A Complete Guide to Clinical
Assessment): Ayurvedic Press; 2007.

Owen D: Principles and Practice of Homeopathy: The Therapeutic and Healing
Process.: Churchill Livingstone; 2007.

Tsang P: Optimal Healing: A Guide to Traditional Chinese Medicine: Balance for
Health Publishing; 2008.

Yanchi L: The Essential Book of Traditional Chinese Medicine: Columbia
University Press; 1988.

Rowe T: Homeopathic Methodology. Repertory, Case Taking, and Case
Analysis. Berkeley: North Atlantic Books; 1998.

Koithan M, Verhoef, M., Bell, I.R., Ritenbaugh, C., White, M., Mulkins, A.: The
process of whole person healing: "unstuckness™ and beyond. J Altern Complement
Med 2007; 13(6):659-668.

Bell IR, Koithan M: Models for the study of whole systems. Integrative Cancer
Therapies 2006; 5(4):293-307.

Bell IR, Baldwin CM, Schwartz GE: Translating a nonlinear systems theory
model for homeopathy into empirical tests. Alternative Therapies in Health &
Medicine 2002; 8(3):58-66.

Bellavite P, Signorini, A.: The Emerging Science of Homeopathy. Complexity,
Biodynamics, and Nanopharmacology, 2nd edn. Berkeley: North Atlantic Books;
2002.

Bellavite P: Complexity science and homeopathy: a synthetic overview.
Homeopathy: the Journal of the Faculty of Homeopathy 2003; 92(4):203-212.
Torres JL: Homeopathic effect: a network perspective. Homeopathy: the Journal
of the Faculty of Homeopathy 2002; 91(2):89-94.

Ruiz-Vega G, Poitevin, B., Pérez-Ordaz, L.: Histamine at high dilution reduces
spectral density in delta band in sleeping rats. Homeopathy 2005; 94(2):86-91.
Shepperd J: Chaos theory: implications for homeopathy. Journal of the American
Institute of Homeopathy 1994; 87(4):22.

Hyland ME, Lewith GT: Oscillatory effects in a homeopathic clinical trial: an
explanation using complexity theory, and implications for clinical practice.
Homeopathy 2002; 91(3):145-149.

Hyland M: Extended network generalized entanglement theory: therapeutic
mechanisms, empirical predictions, and investigations. Journal of Alternative &
Complementary Medicine 2003; 9(6):919-936.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52,

53.

30

Kang GL, Li S, Zhang JF.: Entropy-based model for interpreting life systems in
traditional chinese medicine. Evid Based Complement Alternat Med 2008;
5(3):273-279.

Bellavite P, Ortolani R, Pontarollo F, Pitari G, Conforti A: Immunology and
Homeopathy. 5. The Rationale of the 'Simile'. Evid Based Complement Alternat
Med 2007; 4(2):149-163.

Coffey DS: Self-organization, complexity, and chaos: the new biology for
medicine. Nature Medicine 1998; 4(8):882-885.

Goldberger AL: Non-linear dynamics for clinicians: chaos theory, fractals, and
complexity at the bedside. Lancet 1996; 347:1312-1314.

Ahn AC, Tewari M, Poon CS, Phillips RS.: The limits of reductionism in
medicine: could systems biology offer an alternative? PLoS Med 2006; 3(6):e208.
Bar-Yam Y: Dynamics of Complex Systems. Reading, MA: Perseus Books; 1997.
Bar-Yam Y, Epstein IR: Response of complex networks to stimuli. Proceedings
of the National Academy of Sciences of the United States of America 2004;
101(13):4341-4345.

Bar-Yam Y: Making Things Work: Solving Complex Problems in a Complex
World: Knowledge Press; 2004.

Barabasi AL: Linked. How everything is connected to everything else and what it
means for business, science, and everyday life. Cambridge, MA: Plume; 2003.
Barabasi AL, Bonabeau E: Scale-free networks. . Scientific American 2003;
288(5):60-69.

Bell IR: The Evolution of Homeopathic Theory-Driven Research and the
Methodological Toolbox. The American Homeopath 2008; 14:56-74.

Kauffman S: At Home in the Universe. The Search for the Laws of Self-
Organization and Complexity. NY: Oxford University Press; 1995.

Guastello SJ, Koopmans, M, Pincus, D. : Chaos and Complexity in Psychology:
The Theory of Nonlinear Dynamical Systems. New York, NY: Cambridge
University Press; 2009.

Belair J, Glass, L., van der Heiden, U., Milton, J.: Dynamical disease:
mathematical analysis of human illness. Chaos 1995; 5:1-215.

Mackey MC, Milton JG: Dynamical diseases. Annals of the New York Academy of
Sciences 1987; 504:16-32.

Milton JG, Longtin A, Beuter A, Mackey MC, Glass L: Complex dynamics and
bifurcations in neurology. Journal of Theoretical Biology 1989; 138(2):129-147.
Liu ET, Kuznetsov VA, Miller LD.: In the pursuit of complexity: systems
medicine in cancer biology. Cancer Cell 2006; 9(4):245-247.

Walleczek J: Self-Organized Biological Dynamics and Nonlinear Control:
Toward Understanding Complexity, Chaos and Emergent Function in Living
Systems: Cambridge University Press; 2000.

Wilson T, Holt, T.: Complexity and clinical care. British Medical Journal 2001;
323:685-688.

McDaniel RR, Driebe DJ: Complexity science and health care management.
Advances in Health Care Management 2001; 2:11-36.



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

31

Tschacher W, Junghan, U.: Psychopathology. In: Chaos and Complexity in
Psychology The Theory of Nonlinear Dynamical Systems. Edited by Guastello SJ,
Koopmans, M, Pincus, D. NY: Cambridge University Press; 2009, 307-334.
Liebovitch LS, Tsinoremas, N., Pandya, A.: Developing combinatorial multi-
component therapies (CMCT) of drugs that are more specific and have fewer side
effects than traditional one drug therapies. Nonlinear Biomed Phys 2007; 1(1):11.
Costa M, Goldberger AL, Peng CK.: Multiscale entropy analysis of complex
physiologic time series. Phys Rev Lett 2002; 89:068102:068101-068104.
Goldberger AL, Amaral, L.A.N., Hausdorff, J.M., Ivanov P.C., Peng, C.K,,
Stanley, H.E.: Fractal dynamics in physiology: alterations with disease and aging.
Proceedings of the National Academy of Sciences 2002; 99(Suppl 1):2466-2472.
Pincus D: A framework and methodology for the study of nonlinear, self-
organizing family dynamics. Nonlinear Dynamics, Psychology, and Life Sciences
2001; 5(2):139-173.

Pincus D: Dynamical Systems Theory and Pain Imagery: Bridging the Gap
between Research and Practice. Journal of Mental Imagery 2006; 30(1):93-112.
Pincus D, Fox KM, Perez KA, Turner JS, McGeehan AR: Nonlinear dynamics of
individual and interpersonal conflict in an experimental group. Small Group
Research 2008; 39(2):150-178.

Lipsitz LA, Goldberger, A.L.: Loss of 'complexity’ and aging. Potential
applications of fractals and chaos theory to senescence. JAMA 1992; 267:1806-
1809.

Pincus D: Coherence, complexity, and information flow: self-organizing
processes in psychotherapy. In: Chaos and Complexity in Psychology The Theory
of Nonlinear Dynamical Systems. Edited by Guastello SJ, Koopmans, M, Pincus,
D. NY: Cambridge University Press; 2009, 335-369.

Zullino DF, Khazaal, Y.: The "rut metaphor": a conceptualization of attractor-
shaping properties of addictive drugs. Subst Use Misuse 2008; 43(3-4):469-479.
Hollenstein T, Granic I, Stoolmiller M, Snyder J: Rigidity in Parent-Child
Interactions and the Development of Externalizing and Internalizing Behavior in
Early Childhood. Journal of Abnormal Child Psychology 2004; 32(6):595.
Granic I, Hollenstein T, Dishion TJ, Patterson GR: Longitudinal Analysis of
Flexibility and Reorganization in Early Adolescence: A Dynamic Systems Study
of Family Interactions. Developmental Psychology 2003; 39(3):606-617.

Granic IA, Hollenstein T: A survey of dynamic systems methods for
developmental psychopathology. In: Developmental Psychopathology. Edited by
Cicchetti D, Cohen DJ: John Wiley and Sons; 2006, 889-930.

Hollenstein T: State space grids: analyzing dynamics across development.
International Journal of Behavioral Development 2007; 31(4):384-396.
Fredrickson BL, Losada MF: Positive affect and the complex dynamics of human
flourishing. American Psychologist 2005; 60(7):678-686.

Losada M: The complex dynamics of high performance teams. Mathematical
Computer Modelling 1999; 30:179-192.

Losada M, Heaphy E: The role of positivity and connectivity in the performance
of business teams: a nonlinear dynamics model. American Behavioral Scientist
2004; 47(6):740-765.



71.

72,

73.

74,

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

32

Goldberger AL, Peng CK, Lipsitz LA: What is physiologic complexity and how
does it change with aging and disease? Neurobiol Aging 2002; 23(1):23-26.

Peng CK, Yang AC, Goldberger AL: Statistical physics approach to categorize
biologic signals: from heart rate dynamics to DNA sequences. Chaos 2007,
17(1):015115.

Goldberger AL, Amaral LA, Glass L, Hausdorff JM, Ivanov PC, Mark RG,
Mietus JE, Moody GB, Peng CK, Stanley HE: PhysioBank, PhysioToolkit, and
PhysioNet: components of a new research resource for complex physiologic
signals. Circulation 2000; 101(23):E215-220.

Ivanov P, Rosenblum MG, Peng CK, Mietus JE, Havlin S, Stanley HE,
Goldberger AL: Scaling and universality in heart rate variability distributions.
Physica A 1998; 249:587-593.

Ho KK, Moody GB, Peng CK, Mietus JE, Larson MG, Levy D, Goldberger AL:
Predicting survival in heart failure case and control subjects by use of fully
automated methods for deriving nonlinear and conventional indices of heart rate
dynamics. Circulation 1997; 96(3):842-848.

Woyshville MJ, Lackamp JM, Eisengart JA, Gilliland JA: On the meaning and
measurement of affective instability: clues from chaos theory.[erratum appears in
Biol Psychiatry 1999 Apr 15;45(8):following 1081]. Biological Psychiatry 1999;
45(3):261-269.

Woyshville MJ, Calabrese JR: Quantification of occipital EEG changes in
Alzheimer's disease utilizing a new metric: the fractal dimension. Biological
Psychiatry 1994; 35(6):381-387.

Doba K, Pezard L, Lesne A, Vignau J, Christophe V, Nandrino JL: Dynamics of
emotional expression in autobiographic speech of patients with anorexia nervosa.
Psychol Rep 2007; 101(1):237-249.

Leroy F, Pezard L, Nandrino JL, Beaune D: Dynamical quantification of
schizophrenic speech. Psychiatry Res 2005; 133(2-3):159-171.

Walach H, Guthlin C: Effects of acupuncture and homeopathy: prospective
documentation. Interim results. British Homoeopathic Journal 2000; 89(Suppl
1):S31-34.

Guthlin C, Lange O, Walach H: Measuring the effects of acupuncture and
homoeopathy in general practice: an uncontrolled prospective documentation
approach. BMC Public Health 2004; 4(1):4.

Witt CM, Luedtke R, Baur R, Willich SN.: Homeopathic Medical Practice: Long-
term results of a Cohort Study with 3981 Patients. BMC Public Health 2005;
5(1):115 epub.

Witt C, Keil T, Selim D, Roll S, Vance W, Wegscheider K, Willich SN.:
Outcome and costs of homoeopathic and conventional treatment strategies: a
comparative cohort study in patients with chronic disorders. Complement Ther
Med 2005; 13(2):79-86.

Linde K, Clausius, N., Ramirez, G., Melchart, D., Eitel. F., Hedges, L.V., Jonas,
W.B.: Are the clinical effects of homeopathy placebo effects? A meta-analysis of
placebo-controlled trials. Lancet 1997; 350:834-843.

Shang A, Huwiler-Muntener K, Nartey L, Juni P, Dorig S, Sterne JA, Pewsner D,
Egger M: Are the clinical effects of homoeopathy placebo effects? Comparative



86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

33

study of placebo-controlled trials of homoeopathy and allopathy.[see comment].
Lancet 2005; 366:726-732.

Ludtke R, Rutten AL: The conclusions on the effectiveness of homeopathy highly
depend on the set of analyzed trials. J Clin Epidemiol 2008; 61(12):1197-1204.
White A, Cummings M, Barlas P, Cardini F, Filshie J, Foster NE, Lundeberg T,
Stener-Victorin E, Witt C: Defining an adequate dose of acupuncture using a
neurophysiological approach--a narrative review of the literature. Acupunct Med
2008; 26(2):111-120.

Hayes AM, Laurenceau JP, Feldman G, Strauss JL, Cardaciotto L.: Change is not
always linear: the study of nonlinear and discontinuous patterns of change in
psychotherapy. Clin Psychol Rev 2007; 27(6):715-723.

Tang TZ, DeRubeis RJ: Sudden gains and critical sessions in cognitive-behavioral
therapy for depression. Journal of Consulting & Clinical Psychology 1999;
67(6):894-904.

Tang TZ, DeRubeis, R.J.,; Hollon, S.D.,; Amsterdam, J., Shelton, R.: Sudden
gains in cognitive therapy of depression and depression relapse/recurrence.
Journal of Consulting &Clinical Psychology 2007; 75(3):404-408.

Thurin JM, Briffault X.: [Distinction, limits and complementarity between
efficacy and effectiveness studies: new perspectives for psychotherapy
research][Article in French]. Encephale 2006; 32(4(Pt.1)):402-412.

Briffault X, Thurin M, Lapeyronnie B, Thurin JM.: [New directions for
psychotherapy research: an evaluation of a research protocol and a
methodological and technical framework proposal][Article in French]. Encephale
2007; 33(6):911-923.

Granic I, O'Hara A, Pepler D, Lewis MD: A Dynamic Systems Analysis of
Parent-Child Changes Associated with Successful “Real-World" Interventions for
Aggressive Children. Journal of Abnormal Child Psychology 2007; 35(5):845-
857.

Paydarfar D, DM. B: Sporadic apnea: paradoxical transformation to eupnea by
perturbations that inhibit inspiration. Med Hypotheses 1997; 49(1):19-26.
Garfinkel A, Spano ML, Ditto WL, Weiss JN.: Controlling cardiac chaos. Science
1992; 257(5074):1230-1235.

Bensoussan A, Talley NJ, Hing M, Menzies R, Guo A, Ngu M: Treatment of
irritable bowel syndrome with Chinese herbal medicine: a randomized controlled
trial.[comment]. JAMA 1998; 280(18):1585-1589.

Sherr J: Dynamic Materia Medica. Syphilis: A Study of Syphilitic Miasm through
Remedies. Great Malvern Worcestershire, England: Dynamis Books; 2002.
Lansky AL: Impossible Cure: The Promise of Homeopathy. Portola Valley, CA:
R.L. Ranch Press; 2003.

Witt CM, Ludtke R, Mengler N, Willich SN: How healthy are chronically ill
patients after eight years of homeopathic treatment? - Results from a long term
observational study. BMC Public Health 2008; 8(1):413.

Bell IR, Koithan M, Gorman MM, Baldwin CM: Homeopathic practitioner views
of changes in patients undergoing constitutional treatment for chronic disease.
Journal of Alternative & Complementary Medicine 2003; 9(1):39-50.



101.

102.

103.

104.

105.
106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

34

Elder C, Aickin M, Bell IR, Fennebg V, Lewith GT, Ritenbaugh C, Verhoef M.:
Methodological challenges in whole systems research. J Altern Complement Med
2006; 12(9):843-850.

Miller E, Maimon Y, Rosenblatt Y, Mendler A, Hasner A, Barad A, Amir H,
Dekel S, Lev-Ari S.: Delayed Effect of Acupuncture Treatment in OA of the
Knee: A Blinded, Randomized, Controlled Trial. Evid Based Complement
Alternat Med 2009; Epub ahead of print.

MacPherson H, Thomas, K., Walters, S.: The York acupuncture safety study:
prospective survey of 34 000 treatments by traditional acupuncturists. BMJ 2001,
323:486-487.

Oberbaum M, Singer SR, Vithoulkas G: The colour of the homeopathic
improvement: the multidimensional nature of the response to homeopathic
therapy. [Review] [15 refs]. Homeopathy: the Journal of the Faculty of
Homeopathy 2005; 94(3):196-199.

Vithoulkas G: The Science of Homeopathy. N.Y.: Grove Weidenfeld; 1980.
Lewith GT, Watkins AD, Hyland ME, Shaw S, Broomfield JA, Dolan G, Holgate
ST: Use of ultramolecular potencies of allergen to treat asthmatic people allergic
to house dust mite: double blind randomised controlled clinical trial. BMJ 2002;
324(7336):520-523.

MacPherson H, Thomas, K.: Self-help advice as a process integral to traditional
acupuncture care: implications for trial design. Complement Ther Med 2008;
16(2):101-106.

MacPherson H, Thorpe, L., Thomas, K.: Beyond needling--therapeutic processes
in acupuncture care: a qualitative study nested within a low-back pain trial. J
Altern Complement Med 2006; 12(9):873-880.

Lewis MD, Lamey AV, Douglas L: A new dynamic systems method for the
analysis of early socioemotional development. Developmental Science 1999;
2(4):457-475.

Lunkenheimer ES, Dishion, T.J.: Developmental psychopathology: maladaptive
and adaptive attractors in children’s close relationships. In: Chaos and Complexity
in Psychology: The Theory of Nonlinear Dynamical Systems. Edited by Guastello
SJ, Koopmans, M, Pincus, D. NY: Cambridge University Press; 2009, 282-306.
Granic I: Timing Is Everything: Developmental Psychopathology from a
Dynamic Systems Perspective. Developmental Review 2005; 25(3):386-407.
Granic I, Hollenstein T: Dynamic systems methods for models of developmental
psychopathology. Dev Psychopathol 2003; 15(3):641-669.

Yang ACC, Hseu SS, Yien HW, Goldberger AL, Peng CK.: Linguistic analysis of
the human heartbeat using frequency and rank order statistics. Phys Rev Lett
2003; 90:108103.

Yang ACC, Peng, C-K,, Yien, H.W., Goldberger, A.L. : Information
categorization approach to literary authorship disputes. Physica A 2003; 329:473-
483.

Lewis MD, Granic I, Lamm C: Behavioral differences in aggressive children
linked with neural mechanisms of emotion regulation. Ann N Y Acad Sci 2006;
1094:164-177.



116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

35

Mehl MR: Eavesdropping on health: a naturalistic observation approach for social
health research. Social and Personality Psychology Compass 2007; 1(1):359-380.
Guastello SJ, Hyde, T., Odak, M.: Symbolic dynamic patterns of verbal exchange
in a creative problem solving group. Nonlinear Dynamics, Psychology, and Life
Sciences 1998; 2:35-58.

Guastello SJ: Symbolic Dynamic Patterns of Written Exchanges: Hierarchical
Structures in an Electronic Problem Solving Group. Nonlinear Dynamics,
Psychology, and Life Sciences 2000; 4(2):169-187.

Walach H: Magic of signs: a non-local interpretation of homeopathy. British
Homoeopathic Journal 2000; 89(3):127-140.

Price S, Mercer, S.W., Macpherson, H.: Practitioner empathy, patient enablement
and health outcomes: A prospective study of acupuncture patients. Patient Educ
Couns 2006; 63(1-2):239-245.

MacPherson H, Thorpe L, Thomas K: Beyond needling--therapeutic processes in
acupuncture care: a qualitative study nested within a low-back pain trial. J Altern
Complement Med 2006; 12(9):873-880.

Guastello SJ, Liebovitch, L.S.: Introduction to nonlinear dynamics and
complexity. In: Chaos and Complexity in Psychology The Theory of Nonlinear
Dynamical Systems. Edited by Guastello SJ, Koopmans, M, Pincus, D. NY:
Cambridge University Press; 2009, 1-40.

Elia V, Niccoli M: Thermodynamics of extremely diluted aqueous solutions.
Annals of the New York Academy of Sciences 1999; 879:241-248.

Elia V, Niccoli M: New physico-chemical properties of extremely diluted
aqueous solutions. Journal of Thermal Analysis and Calorimetry 2004; 75:815-
836.

Elia V, Napoli E, Germano R: The 'Memory of Water': an almost deciphered
enigma. Dissipative structures in extremely dilute agueous solutions. Homeopathy
2007; 96(3):163-1609.

Rey L: Can low-temperature thermoluminescence cast light on the nature of ultra-
high dilutions? Homeopathy 2007; 96(3):170-174.

Rey L: Thermoluminescence of ultra-high dilutions of lithium chloride and
sodium chloride. Physica A: Statistical mechanics and its applications 2003;
323:67-74.

Rao M, Roy R, Bell, IR.: Characterization of the structure of ultra dilute sols with
remarkable biological properties. Materials Letters 2008; 62:1487-1490.

Rao ML, Roy R, Bell IR: The defining role of structure (including epitaxy) in the
plausibility of homeopathy. . Homeopathy 2007; 96(3):175-182.

Roy R, Tiller W, Bell IR, Hoover MR: The Structure of Liquid Water: Novel
Insights from Materials Research and Potential Relevance to Homeopathy.
Materials Research Innovation 2005; 9(4):557-608.



