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I. INTRODUCTION.

The National Center for Complementary and Alternative Medicine (NCCAM) convened a Think Tank Working Group meeting on March 29-31, 2006, in Bethesda, Maryland, to evaluate biofield energy medicine.

Energy medicine is one of the four domains in complementary and alternative medicine classified by NCCAM.  Basically, this branch of complementary and alternative medicine deals with the hypothesis that some kinds of energy, veritable (tangible) or putative (intangible), underpin the various therapeutic practices.  Veritable energies are those with specific, measurable wavelengths and frequencies, such as mechanical vibrations (e.g., sound), electricity, magnetism, and other types of radiations from the electromagnetic spectrum.  Putative energies, on the other hand, are more difficult to discern.  “Vital energy”, “life force”, “subtle energy”, etc., are relatively modern terms used to describe ancient concepts that human beings are not just flesh and blood but are infused with a certain form of energy.  This type of energy is known under different names in different cultures, such as “qi” in Traditional Chinese Medicine, and “ki” in Japanese Kempo system, but the underlying concepts are similar: the energy is believed to flow throughout the body and illness arises as a result of blockage or irregularity of its flow.  Energy therapists claim that they can sense and use this energy to affect health and healing in themselves as well as in others.  The term “biofield” – used by NCCAM – refers to this latter aspect of energy medicine and potentially encompasses both tangible and putative/intangible forms of energy.

Biofield energy medicine modalities such as External Qi Therapy, Reiki, Johrei, Polarity Therapy, Therapeutic Touch, Pranic Healing, and Healing Touch all involve the transmission of some form of putative energy from the therapist to the patient.  It is possible that the transmission of veritable energies also occurs, and that they may account for some of the purported clinical effects.  In most energy therapies, the two parties are proximal, i.e., within touching distance.  In the less common form of therapy referred to as distance healing, the two people are in different locations, ranging from a few feet to many miles away.  In both cases, the putative energy involved is not understood and has not been determined in Western scientific terms.  In addition, its healing efficacy has not been definitively established in clinical trials.  However, there is enough anecdotal evidence to encourage patients to seek biofield therapy, and the demand for biofield energy healing is growing rapidly in the United States.

Scientific advances in biofield research have been slow.  A fundamental problem is that the very concept of the biofield is elusive and there is no definite scientific documentation of its existence.  While different instruments have been used to demonstrate that the human body does emit low levels of electromagnetic energy, it is not certain that the measured energy is directly related to the healing effects of energy therapies.  Designing clinical trials to test the efficacy of such therapies has proven to be difficult, particularly with regards to incorporating double blind methods and placebo controls.  

In order to further understand the biofield and its clinical applications, it is important to evaluate the status of the science of the biofield and whether the putative energy really exists.  The NCCAM 2005-2009 Strategic Plan stresses that energy medicine should be studied with the same rigorous standards as other disciplines and that NCCAM should accelerate the understanding of putative energy fields.  It is within these premises that the Think Tank Working Group was assembled.

II.
CHARGE OF THE MEETING.

The Think Tank Working Group was charged with the responsibility to evaluate the status of the science of the proximate biofield and to assess the possibility of existence of such biofields, even as a theoretical consideration.  The group was instructed that it should not, however, be concerned with the efficacy of biofield therapy, the design of experiments to study the biofield, the study of currently available instruments, or experimental approaches to measure the biofield.

III.
PARTICIPANTS AND ORGANIZATION OF THE MEETING.

The roster of the meeting participants is attached in Appendix I.  The expertise of the participants includes biofield energy medicine practitioners/scientists, researchers of biofield medicine, and other prominent scientists in physics, engineering, bioengineering, biophysics, biochemistry, psychology, and biology. 

The agenda of the meeting is attached in Appendix II.  Briefly, the meeting was organized into the following sections:

A. Overviews of different biofield energy medicine modalities practiced in the U.S.

B. Reports by NCCAM grantees on recent biofield research in their own laboratories.  This section represents the current state of biofield research.

C. Overviews of research pertinent to biofield energy research.  The intent of these presentations is to provide resources that might provide additional information for the evaluation of biofield research. 

D. Group discussion as directed by the NCCAM charge to the group.

IV.
BACKGROUND ON BIOFIELD ENERGY MEDICINE MODALITIES.

While there are substantial differences among the different practices and modalities of biofield energy medicine, each is assumed to involve modifications of the biofield subsequent to the interaction between practitioner and patient.  The practitioner typically uses the hands to sense a deficiency and/or imbalance in the biofield of the patient, and proceeds to alter or influence this field with the intention of improving the individual’s physical and/or mental health.  Many of these practices are secular, but there are others that have spiritual content, such as spiritual healing, faith healing, or divine healing.  The following is an introduction to some representative biofield therapies.  It is not intended to be a comprehensive, critical review, but rather to provide background information.

A.  External Qi Therapy.

The term “Qigong” (Chinese for “qi training”) is used to describe a very diverse family of mind-body exercises that originated in China over 2,000 years ago.  By combining regulation of mind, body, and breath, qi inside the body (referred to as “internal qi”) is supposed to be strengthened and its circulation in channels in the body (referred to as “meridians” in Traditional Chinese Medicine) enhanced.  “External Qi Therapy” is a relatively new term and concept (popularized in the last Century) for describing the transfer of qi purportedly emitted from one person to another to treat a wide variety of disorders.  This type of therapy is frequently performed with physical contact as part of massage therapy.  Sometimes the healer’s hands remain inches away from the patient’s body.  In only very rare cases is the therapy delivered as distance healing, with the participants in separate locations.  There are countless styles of External Qi Therapy, and there are no organizational structures in the U.S. or internationally that unify or regulate the teaching and practice of such therapies.

There are many studies showing that qigong, when practiced as a type of mind-body exercise, has many healthful benefits to the practitioner.  In contrast, clinical studies on External Qi Therapy have yielded largely equivocal results.  While there are many reports on how External Qi Therapy can be an effective treatment for a variety of disorders, the studies tend to be anecdotal or deficient in critical controls or statistical power.  Negative results are rarely reported in the literature.

There is also a large volume of work on the effects of external qi on biological systems in vitro.  Unfortunately, many of these studies suffer from problems similar to those encountered in the clinical literature.  Experiments that have suggested alterations in the structure and function of cell cultures or biological macromolecules by external qi often lack critical controls, involve only a single qi-emitting subject, or use outdated technologies.  Again, negative studies seldom appear in the literature.  The quality of research in this area, however, has undergone recent improvements.  An example of a technological update is a study at the Walter Reed Research Institute that used a fluorescent probe to accurately measure changes in intracellular free calcium concentration that was suggested to be associated with emission of external qi1.  Further experiments involving pharmacological agents linked the observed effect to specific ion exchangers and channels in the cell membrane.  A second example is a study conducted at the National Chiao Tung University in Taiwan, showing that exposure to external qi significantly decreased the growth rate of prostate cancer cell cultures as compared to untreated cell cultures2.  Moreover, the treated cells showed increased differentiation as indicated by the expression level of a tissue specific enzyme.  A third example is a study carried out in academic laboratories in both China and the U.S., indicating that external qi caused a small change in the circular dichroism spectrum of poly D-glutamic acid, which was interpreted as reflecting a change in the secondary structure of the polypeptide3.  These three studies advanced from a phenomenological to a mechanistic level, which could eventually lead to a better understanding of External Qi Therapy in cellular and molecular level terms.

B.  Reiki.

Reiki (Japanese for “universal life force”), a method of healing and spiritual practice, was developed in Japan by Mikao Usui at the beginning of the 20th century.  Recent surveys in the U.S. have indicated that it is among the most popular of the energy therapies, estimated to be used by  ~1% of the population.  Students of Reiki gain their healing abilities after being “attuned” by a Reiki master.  One consequence of the growing interest in Reiki in the U.S. is the development of formalized schools for teaching the practice and carrying on the “attunement” process.  

Reiki is used to assist in the management of a wide variety of health problems, especially those that involve pain, stress, or anxiety.  The treatment is said to act by removing “negative” energies, which leads to improved spiritual well-being.  This effect, in turn, leads to improvement of physical health.  It is becoming increasingly common to see Reiki used in the hospital setting, where it is practiced in conjunction with standard medical care to accelerate healing and recovery and to decrease anxiety, pain, nausea, and other side effects of medical treatments such as chemotherapy and surgery.  

A number of research studies indicate that Reiki can help relieve pain, improve well-being, and reduce anxiety and depression.  One striking example of the effect of Reiki on pain and emotions is a randomized trial of 45 individuals with symptoms of depression and stress4.  This study reported a significant decrease in depression and anxiety in groups receiving either hands-on or distant Reiki weekly for six weeks, as compared to a placebo group.  Dressen et al. reported decreased pain, depression, and state anxiety, as well as increased overall well-being and faith in God in a group receiving weekly Reiki sessions for 10 weeks, as compared to groups receiving sham Reiki, progressive muscle relaxation, or rest5.  In mechanistic studies, improved autonomic function, as assessed by decreases in blood pressure6,7 and heart rate7, have suggested that the relaxation response is induced during Reiki therapy.  
C.  Johrei.

Johrei was founded by Mokichi Okada (1882-1955) in Japan and introduced into the U.S. in 1953.  Similar to Reiki, Johrei is based on the belief that physical health and well-being are linked to spiritual well-being and that spiritual energy can be directed from one individual to another to assist in the healing of the mind and the body.  Johrei differs from Reiki in that there is no formal training, levels, or “attunement” process.  Instead, the development of the abilities of a healer is viewed as a result of a life-long spiritual practice, which allows spiritual energy to flow through them to the patient.  Practitioners of Johrei typically face the patient with their hands held out in front of them.  Without touching the patient, they move their hands from the head down the body as they conduct energy.  Johrei is used for management of both psychological problems such as depression and physical ailments such as cancer. 

The Johrei Institute was founded in 1998 to fund research on the effectiveness of Johrei.  Several small studies have reported benefits of this type of therapy8,9.

D. Polarity Therapy.

Polarity Therapy was developed around 1947 by Randolph Stone, D.C., D.O., N.D.   It is a comprehensive health system that includes a form of energy therapy as well as diet, yoga exercises, and increased self-awareness.  Health is viewed as a reflection of the energy flow in the human body.  Polarity Therapy Touch is a hands-on energy modality that includes manipulation of pressure points and joints, massage, reflexology, and more.  The hands are considered to be conductors of energy, with one hand considered negative and the other positive in the manipulation therapy.  The top and right side of the body are believed to have a positive charge, while the feet and left side of the body have a negative charge.  The stomach area is considered neutral.  By using the principle that opposites attract each other, the hands are used in a manner to overcome energy blockages and thus restore a smooth, unimpeded flow of energy in the body.  The benefits of Polarity Therapy are reputed to be an enhanced sense of well-being, relaxation, increased energy, positive changes in body, mind, and emotions, as well as a deeper understanding of oneself.  In 1984 the American Polarity Therapy Association was formed.  Today there are over a thousand certified practitioners in the U.S.   

There are only a small number of studies on Polarity Therapy.  A controlled pilot study demonstrated that the treatment improved health-related quality of life in cancer patients10.   However, controls received no sham treatment, thus the placebo effect may have influenced the results.  In a mechanistic study, there was a consistent decrease in gamma rays measured in a subject's electromagnetic field during the treatment10.

E. Therapeutic Touch.

Therapeutic Touch was developed in the 1970’s by Dora Kunz and Dolores Krieger, R.N., Ph.D., who taught it to nurses at New York University for many years.  It has spread widely throughout the nursing profession and then beyond, with more than 85,000 practitioners in more than 75 countries.  A certification process is required for advanced Therapeutic Touch practitioners.

Therapeutic Touch was originally derived from ancient practices of “laying-on-of-hands”, but it is not associated with any religious beliefs.  Its underlying philosophy is one in which living systems have vibrating fields of energy in interaction with information from the surroundings.  The practitioner is regarded as a conduit for moving energy through their hands to the patient in order to restore balance and to increase the capacity of the patient for self-healing.  The compassionate, focused intention of the practitioner is the most important factor in the treatment.  The therapy has an assessment phase, an intervention phase, and a reassessment phase.  The process does not require the patient’s conscious participation, nor is its effect dependent upon the patient’s belief in the treatment.  Despite the name Therapeutic Touch, the treatment is performed without physical contact.

Today, Therapeutic Touch is used in hospitals, private practices, hospices, and home-care settings.  The major clinical effects of Therapeutic Touch are reported to be deep relaxation with a reduction of anxiety, pain relief, and facilitation of the healing process.  

A number of clinical studies on Therapeutic Touch are in the literature.  Several systematic reviews and meta-analyses have been performed, but the available clinical trials have not been of sufficient quality to establish any significant effects.  A mechanistic study showed evidence of shifts in the energy emission by practitioners performing Therapeutic Touch as measured by a superconducting quantum interference device (SQUID) magnetometer11.  In a subsequent study, the biomagnetic field of a practitioner performing Therapeutic Touch showed a field with a variable frequency centered around 8 to 10 Hz12.

F. Pranic Healing.

Pranic Healing is described by practitioners to be an energy therapy originally established in China thousands of years ago, but was rediscovered and reformulated in recent times by Master Choa Kok Sui, the head of a large international organization based in the Philippines.  Practitioners believe that they are able to tap into “prana” (Sanskrit for life force) and to use it to promote healing.  The basis for Pranic Healing stems from observations made by people who are said to perceive energy fields or “auras” of color surrounding the human body.  The colors in the aura and the “energy centers” or “chakras” (Sanskrit for loci of energy) are said to shift constantly reflecting the state of health of the body.  By projecting energy of appropriate “colors”, the healer is said to be able to change the colors of the aura and therefore the state of health of the patient. 

G.  Healing Touch.

Healing Touch was developed in the 1970’s by Janet Mentgen, R.N., originally for the medical community, but is now open to all.  Healing Touch International, established in 1996, is an organization involved in the promotion, education, and regulation of a variety of energy healing modalities13.  Its activities include a certification program for nursing continuing education that moves from beginner to advanced practitioner level, and the organizing of an annual conference that consists of lectures, workshops, and presentations of service projects.  According to the Healing Touch International, there are currently a number of on-going studies on Healing Touch13: the measurement of its effects on cellular immune function and biomarkers, skin damage, and feeling of fatigue in breast cancer patients receiving radiation therapy; determination of its impact on the immune system of women with cervical cancer who are receiving chemotherapy and radiation therapy; evaluation of whether it can strengthen interpersonal connectedness, emotional well-being, and functional quality of life in elders; and replication of a previous study on its effect on lower back pain.

V.   SCIENTIFIC STUDIES ON BIOFIELD PRESENTED AT THE MEETING.

This Section summarizes the research data that were reported by the biofield researchers at the meeting and represents the current state of science of biofield.  The major points of the presentations are provided.  Most of the details of the talks can be found in the publications cited.  Little or no critical analysis is included in this Section.  Limitations of the work are presented in Section VII below.

A.   Changes in Measurable Energy Parameters Associated with Qigong Practice.

It has been accepted for some time that the human body emits energy detectable as sound, heat, light, and electricity.  Dr. Shin Lin reported that his laboratory at the University of California, Irvine, is using a variety of instrumentation to study physiological and energetic changes associated with the practice of qigong and Tai Chi (Taiji)14.  In a series of pilot studies on over a dozen qigong/Tai Chi practitioners, hand temperature was monitored by infrared thermography, emission of visible light (biophotons) from the palm was quantified by a single photon counting system, electrical charge associated with the fingers was studied with a gas discharge visualization (digital Kirlian photography) instrument, and electrical conductance at acupuncture points on the fingers and toes was measured during the pre-polarization phase with the single square voltage pulse method of Motoyama15.  In general, qigong/Tai Chi exercises produced an increase in all of the parameters studied.  These changes could also be produced to some extent by physical exercises and by increasing the temperature of the hand with warm water, and the changes correlated with increased cutaneous blood flow measured with laser Doppler flowmetry.  Because the level of energy emitted from the body measured in this study was very low, whether or how these types of emissions might be related to reported effects of external qi on biological systems in vitro and in energy healing is an important question that awaits further investigation.  

B. Effects of Reiki on Physiological Markers.

Dr. Joan Fox described an NCCAM-funded pilot study conducted on 50 subjects at the Cleveland Clinic.  There was a significant decrease in heart rate and cortisol level in subjects who received Reiki treatment while no significant change was detected in those exposed to sham treatment. The results of these studies have yet to be completed and published.
C. Research at the Center for Frontier Medicine in Biofield Science.
Dr. Gary Schwartz from the University of Arizona and Dr. Beverly Rubik from the Institute for Frontier Science in Emeryville, CA, reported on research conducted under the auspices of the NCCAM-funded Center for Frontier Medicine in Biofield Science.

1. Effects of Reiki on Stress in Animals.

The effects of Reiki versus sham Reiki on noise stress-induced microvascular leakage in blood vessels in the gut of rats were examined16.  Rats exposed to noise showed increased number of leaks and area of leaks per unit length of venule compared to rats not exposed to noise.  Rats with noise who received Reiki showed significantly less leaks and area compared with noise alone and noise plus sham Reiki.  The Reiki versus sham Reiki effect was replicated in three experiments.  In the third experiment, the Reiki and sham Reiki practitioners filled out the Arizona Integrated Outcomes Scale as a measure of overall well-being.  Reiki practice was associated with a significant increase in perceived well-being as compared to sham Reiki.  This preliminary observation has suggested the hypothesis that the practitioner’s sense of well-being may modulate biofield therapy effects, an idea which requires further testing.

2. Measuring Biofields in Plants, Animals, and Humans.  

A 3-Axis Digital Gaussmeter, which is a portable device that can detect milligauss levels of magnetic fields (AC and DC), was used to monitor the number of fluctuations in extra low frequency (ELF) magnetic field when Reiki practitioners (n = 17) and healers from a number of different healing traditions (n = 15) were instructed to modulate their biofield.  Highly significant increases in ELF fluctuations compared to baseline controls, replicated in both hands, over two trials, were obtained.  Significantly larger increases in ELF fluctuations were observed with master/experienced healers.  Thus, changes in ELF low amplitude magnetic fields were correlated with the practitioners’ sense of biofield manipulation even when not involved in the healing process.  

In a separate study, a low-noise, charge-coupled device camera cooled to -100o C was used to obtain images of biophoton emission17.   

3. Effects of Reiki on Bacterial Cultures.  

The aims of this study were to measure effects of Reiki treatments on the growth of bacterial cultures (E. coli K12) that had been damaged by heat shock treatment, and to determine the influence of healing context and practitioner well-being on such effects18.  In the healing context, the Reiki-treated plates exhibited an average of 2.6% more colonies than controls in 59% of the trials.  Practitioners’ social and emotional well-being correlated with bacterial growth in both the healing and non-healing contexts.   

4. Gas Discharge Visualization (GDV) Experiments.  

Preliminary experiments using the GDV Camera Pro instrument to study the energetic state of Therapeutic Touch and medical qigong therapists and their patients were described19.  GDV is a form of digital high-voltage electro-photography in which subjects’ fingertips are placed one by one on the electrified camera lens, and photographs of the induced photon emission pattern are taken.  Photographs were made immediately before and after biofield therapy.  Analysis of the photographs with proprietary GDV image software showed that, in general, more uniform patterns of light were observed immediately following biofield therapy for both practitioners and their patients.  By contrast, such improvements in the regularity of the light emission pattern were not seen over the same time period where no intervention was used.  The effect of a non-biofield intervention was not examined in this study. 

D. Research at the Exploratory Center of Frontier Medicine.

Dr. Gloria Gronowicz reported on several projects at the NCCAM-funded Center at the University of Connecticut Health Center.

1.  Healing Touch Effects in Advanced Cervical Cancer.  

Patients are still being recruited for an additional year to complete the study on the effects of relaxation, Healing Touch, or standard care on cervical cancer patients after radiation therapy.  Analysis of data acquired to date on the 3 groups, still blinded as to their treatment modality, reveals significant differences in depression scores and Natural Killer cell activity at 6 weeks. 

2. Therapeutic Touch on in vitro wound healing.  

No significant effects of Therapeutic Touch on human fibroblast migration to fill a wound or on cytokine release have been detected.  However, additional studies with these human fibroblasts demonstrated a significant effect of the treatment on fibroblast proliferation.

3. Therapeutic Touch on Healing of Ulcers.  

A pilot study with 17 subjects on Therapeutic Touch as an adjunct modality to improve the healing of venous stasis ulcers has demonstrated promising results.  The subjects treated with this therapy showed significantly decreased ulcer size compared to a placebo-treated group. 

4. Therapeutic Touch on Bone Formation in vitro.  

The goal of this study was to investigate the effects of Therapeutic Touch on bone cells in culture20.  Therapeutic Touch significantly stimulated primary human osteoblast proliferation, matrix synthesis and mineralization, compared to no treatment or sham-treatment.  In contrast Therapeutic Touch significantly inhibited matrix synthesis and bone formation in osteosarcoma-derived cell cultures.  Other studies with human osteoblasts have found that Therapeutic Touch stimulated normal human osteoblast adhesion with significant changes in integrin levels.  Additional work has shown a significant increase in fibroblast, osteoblast, and tenocyte proliferation with Therapeutic Touch treatment with different dose response curves to Therapeutic Touch, dependent on cell type.  These data were confirmed by Proliferating Cell Nuclear Antigen immunocytochemistry.

E. Effects of External Qigong Therapy and Johrei on Cell Cultures.

Dr. Garret Yount summarized his many years of studies aimed at developing a rigorous in vitro protocol for assessing the response of cultured human cells to biofield therapies. 

1. External Qigong Therapy.  

A series of studies on the effect of External Qigong Therapy on cultured cells was conducted in China21.  Proliferation of normal brain cells in culture was quantified as colony forming efficiency (CFE).  In a pilot study with 8 experiments, results show a trend towards increased cell proliferation in the samples treated by external qigong therapy (Qigong/sham CFE ratio > 1.0).  A statistically significant trend of increased proliferation following Qigong treatment was also found in a subsequent study with 28 experiments.  However, in a further study with 60 experiments to replicate the previous studies, results showed a non-significant, slight increase in proliferation following Qigong treatment.  When the results from all three studies were pooled to form summary statistics, including an overall t-test for significance, the mean for the Qigong/sham data was >1.0 but was not statistically significant21.  The sham/sham data was also not significantly different from 1.0. 

2. Johrei Studies.  

In this series of experiments, Johrei practitioners directed healing intention from a short distance toward cultured brain tumor cells (glioblastoma) inside a time-lapse microscope system so that optimal growth conditions could be maintained throughout the experiment22.  Johrei practitioners participated in teams of two, alternating every half hour such that a total of four hours of Johrei treatment was delivered.  No significant differences between Johrei and control experiments for either brain tumor cell death or proliferation were found in these experiments.

Another series of experiments tested Johrei and primary cultures of normal human glial cells that had been exposed to increasing doses of X-rays.  Radiation exposure decreased the rate of cell division in a dose-dependent manner but there were no significant differences between Johrei-treated and control cultures for cell division or cell death.  

3. Testing Dosage and Distance of Biofield Treatments.

An assessment was made on whether increasing the “dose” of Johrei and external qigong treatment would reveal a more robust cellular response in both normal brain cells and brain tumor cells (glioblastoma).  In light of claims that the effects of external qigong becoming stronger over greater distances, whether increasing the distance between practitioners and cells would enhance any effect was also tested.  However, no significant effects of qigong or Johrei treatment were observed in any of the protocols.

4. Johrei Study with Conditioned Environment 

The role of “space-conditioning” and Johrei healing intention were explored in experiments conducted inside an electromagnetically and acoustically shielded chamber over a period of three days23.  On each day randomly selected flasks of cultured cells were exposed to healing treatments; an equal number of flasks that did not receive treatment served as controls.  “Space-conditioning” meditations by Johrei practitioners were repeatedly held inside the chamber over the course of the experiment with the expectation that this activity would enhance the efficacy of the healing treatments in a cumulative manner.  Two random number generators were located inside the shielded chamber and a third was placed two meters outside the chamber.  The differences in mean colonies formed under treatment vs. control conditions were the variable studied.  For the random number generators the dependent variable was a measure of variance in the distribution of random numbers, as compared to chance expectation.  A modest increase in treated vs. control cell proliferation was observed on the third day of the experiment.  The three random number generators all deviated significantly from chance, also on the third day.  
5. Biofield treatments on H2O2-Stressed Cells. 

A series of experiments was conducted to test whether healing treatments by biofield practitioners can protect against cell death induced by oxidative stress24.  Cultured normal brain cells were exposed to increasing concentrations of H2O2 and cell death (defined by morphological behaviors characteristic of apoptosis, including retraction of lamellapodia, rounding up, membrane blebbing, and loss of membrane integrity) was quantified by computerized time-lapse microscopy.  Biofield treatments were delivered to cells from a short distance in 20 independent experiments.  Five highly experienced biofield practitioners each participated in four independent experiments.  This team of practitioners included two Qigong practitioners, two Johrei practitioners and two internationally known healers that have developed teachable methods of biofield therapy based on innate healing abilities.  An equal number of control experiments involving no healing intervention were conducted to provide a measure of intrinsic variability of the experimental system.  No difference between treatment groups was found when all experiments were considered together.  However, when the analysis was broken down by individual practitioners, results from samples treated by four practitioners differed significantly from those of control samples.

F. Studies on Pranic Healing.

Dr. Joie Jones reported on studies on Pranic Healing conducted in his laboratory at University of California, Irvine.

1. Pranic Healing on Cultured Cells.

The objective of this ongoing study is to critically evaluate Pranic Healing in a laboratory setting25,26.  For an experimental model, HeLa cells in culture were subjected to gamma radiation and the radiation survival rates for the cells with and without Pranic Healing were determined.  To date, there have been 520 experiments of 10 culture dishes each, involving 10 different Pranic Healers.  Results from 458 of the experiments indicated that treatment of the cells with Pranic Healing produced a major increase in cell survival rate, from ~50% in control cells to ~90% in treated cells.  In 62 experiments, the healer produced no effect whatsoever.  The distance between the healer and the cells did not influence results.  Additionally, shielding of cells from EMF and gamma radiation had no effect on the results.  Finally, since several of the healers found the laboratory space to be “energetically dirty”, an extensive program was undertaken prior to and during the experiments to “etherically clean” the laboratory space.  This continued on a daily basis during the course of the experiments but not thereafter.  Upon return of the lab to an “energetically dirty” state, an additional set of 50 single experiments had a failure rate of 90%.  An additional set of 50 single experiments conducted in a laboratory that was judged by the healers to be “extremely energetically dirty” had a failure rate of 100%.  Collectively, these experiments suggest that the condition of the energy environment in which studies are conducted may contribute to the variability of responses. 

2. Functional Brain Imaging Experiments on Pranic Healing.

Two healers were instructed to focus the subtle energy used during Pranic Healing on the acupoint BL-67 (known to be related to vision) of a human subject.  This process produced stimulation of the visual cortex identical to that produced by needle stimulation of the acupoint27.  Whether treatment of non-acupuncture points would produce the same effect remains to be investigated.

VI.  RELATED RESEARCH IN PHYSICS AND MEDICINE.

A.  Intention Research.

Dr. William Tiller summarized his 15 years of work on intention research.  His intention target experiments were: (1) to increase the pH of highly purified water in equilibrium with air by +1 pH units with no chemical additions, (2) to decrease the pH of the same type of purified water in equilibrium with air by -1 pH units with no chemical additions, (3) to increase the in vitro thermodynamic activity of the liver enzyme, alkaline phosphatase, and (4) to significantly increase the in vivo [ATP]/[ADP] ratio in the cells of fruit fly larvae so that they would be more physically fit and thus have a reduced larval development time, t½, to the adult fly stage.  All four target experiments were robustly successful with (3) and (4) attaining ~20% at p < 0.001.

The specific intentions were applied to the individual target experiments via an intention imprinted electrical device (IIED).  The imprinting process for an individual device was via four well-qualified meditation practitioners from a deep meditative state.  All of the starting devices were identical and, after imprinting, they still looked physically identical.  IIED have been used to “condition” the experimental space such that the experiments were modulated by human intention.  An IIED-conditioned space is a sensitive instrument for registering human biofield effects28-31.  Such an IIED-conditioned space exhibits characteristic signatures.  A DC magnetic field-polarity effect is observed; i.e., in the measurement of pH, if a disc-shaped ceramic magnet is placed under the water vessel with the S-pole pointing upwards for ~ 3 days, the pH increases.  Oscillations in the 10-2 - 10-3 Hz range appear in physicochemical measurements, air and water temperature, water pH, water electrical conductivity, etc.  Their decay constant was ~1 - 2 months. 

Dr. Tiller also described how human muscle group strength, via kinesiological testing, exhibits a DC magnetic field-polarity effect; i.e., the south pole strengthens while the north pole weakens the muscle.  This leads to the working hypothesis that the human acupuncture meridian/chakra system is at a higher electromagnetic (EM) gauge symmetry state (SU(2)) so human intention can drive a unique, magnetic-type, of information/energy through this system which, in turn energizes all the processes of the lower EM gauge symmetry state (U(1)), the normal electric atom/molecule level of physical reality where Maxwell’s equations of EM apply.  Dr. Tiller calls this new type of energy “magnetoelectric energy”, which he thought might correspond to what others refer to as “qi”32.

B.  Princeton Engineering Anomalies Research.

Dr. Robert Jahn briefly summarized a portion of the Princeton program on anomalies arising in human/machine interactions33. In these experiments, human operators attempt to influence the behavior of a variety of mechanical, electronic, optical, acoustical, and fluid devices to conform to pre-stated intentions without recourse to any known physical interactions.  In unattended calibrations, these sophisticated machines all produce strictly random outputs.  In the experimental groups, there are increases in information content that can only be attributed to the influence of the consciousness of the human operator.  Over the laboratory’s 27-year history, thousands of such experiments, involving many millions of trials, have been performed by several hundred operators.  The observed anomalous effects are usually quite small, of the order of a few parts in ten thousand on average, but they are statistically repeatable and compounded to highly significant deviations from chance expectations. 

A second major component of the research agenda comprises an extensive sequence of experiments addressing an anomalous information-acquisition strategy termed “remote perception.”  Essentially, the basic protocol of these studies involves a “percipient” who, without resort to any conventional sensory means, attempts to sense and describe the physical and emotional aspects of a randomly selected geographical site at which an “agent” is stationed at a specified time.  Both participants are requested to render their descriptions of the scene into free response transcripts, and subsequently into various descriptor specifications that are then compared via an assortment of computerized scoring algorithms developed to quantify the degree of information acquisition.  For a database of 653 formal experimental trials performed over several phases and modalities of the program, the cumulative extra-chance information acquired reaches a statistical score above 6 sigma.  The experimental success is not notably dependent on any of the secondary protocol parameters tested, e.g. volitional vs. random target selection; percipient/agent familiarity; target categories and characteristics; diurnal or seasonal aspects, etc.  Additionally, the information yield shows no statistical dependence on the physical separation of the percipient from the target/agent up to global distances, nor on the time interval between target visitation by the agent and the perception effort, up to several days.  Thus, in many respects the remote perception anomalies bear much similarity to the human/machines effects, with the sole exception that in the former, information appears to be extracted from the random targets; in the latter, it is added to the machine output34.

Relating to the theme of biofield energy medicine, Dr. Jahn described the participation of three Johrei practitioners as operators on three of the PEAR laboratory’s repertoire of human/machine anomalies experiments.  Using Johrei on a so-called “Yantra” experiment, two of the three participants achieved anomalous effect sizes that were substantially larger than those typically produced by a broader range of common operators, but curiously inverted from the pre-stated directions of intention.  The yields also were sharply correlated with particular optical and acoustical environmental options.  When these same operators suspended their Johrei techniques, all results were at chance.  Deployment of “FieldREG” (REG: Random Event Generator) equipment and protocols in various Johrei assemblies yielded several anomalous REG output segments comparable with those obtained in the best of many other applications of this technology35.

C.  Psychosomatic Effects of Expectation.

Dr. Stephen Porges reported that one of the most important beneficial aspects of clinical treatments, regardless of methodology, is the quality of the "person-to-person" interactions between patient and practitioner.  Often this involves, on the part of the clinician, contingent and "appropriate" gestures, facial expression, prosody, proximity, and touch.  In addition to specific clinical treatments, social support and social engagement behaviors by friends and relatives are also involved in reversing illness and maintaining health.  The "person-to-person" interactions trigger neural circuits promoting either calm physiological states contributing to health, healing, and growth processes or defensive strategies associated with physiological states supporting mobilization (e.g., flight-fight behaviors) or immobilization (e.g., behavioral shutdown, syncope, death feigning).  Dr. Porges identified specific features of person-to-person interactions that are innate triggers of adaptive biobehavioral systems in the human nervous system that support health and healing.  Energy medicine and other alternative health strategies often involve a strong interpersonal component.  Thus, research on the efficacy of energy medicine, as well as other traditional and alternative forms of treatment, needs to evaluate whether the effects being monitored are due to the assumed treatment or the product of triggering the neural circuits associated with a "neuroception" of safety36. 

D.  Sensitivity of Biological Systems to Physical Perturbations.

Dr. Frank Barnes gave a review on the sensitivity of some biological systems to various physical perturbations.  For example sharks can sense electric fields at the level of approximately 5 x 10-7 V/m.  Salmon, bees, and homing pigeons can all sense small fluctuations in the earth’s magnetic field estimated to be in the range of about 10-6 T and use them to aid in navigation.  Flies are reported to be able to optically sense a single photon.  Snakes can sense changes in temperature to detect mice that are only a few degrees different than the background in the desert.  The human ear picks up small changes in air pressure.  Over long distance, a bloodhound can sense a very small number of odiferous molecules that enable it to find a person.  The net point of this data is that specialized biological sensors can detect very small changes in the physical environment. 

Additionally, the immune system can be activated by relatively small changes in the physical environment.  Elena Korneva and her associates showed that the immune system in mice could be activated by exposure to 21μT at 50 Hz for an hour a day for five days so that they recovered more rapidly from a heavy dose of X-rays than unexposed mice37.  In other experiments, human neutrophils have been shown to respond to 900 MHz electric fields at 0.4 V/m by changing locomotive direction and speed in the presence of a concentration gradient of cAMP38.  

E.  Electrical Field Effects on Cells and Biological Structures.

Dr. Michael Cho reviewed how living cells and tissues are inherently electrical in nature, and, therefore, are good candidates for manipulation by exogenous electric and magnetic fields.  Since electric fields can exert forces on biological molecules that bear a net electrical charge, it is conceivable that exogenous electric fields may be used to influence and elicit molecular, cellular, and physiological responses. 

Application of electrical stimulation has evolved to be a useful tool in medicine, scientific research, and in the therapeutical treatment (referred to as electrotherapy) of a wide variety of disorders and diseases.  To name a few examples, electrical stimulation has been used in the treatment of depression and addiction, in central nervous system disorders (neuromuscular electrical stimulation systems)39, in blood purification40, in iontophoresis (e.g. Gluco Watch)41, in wound healing42, in bone fracture and regeneration43-45, and recently in cartilage repair (e.g., osteoarthritis)46.    However, in spite of extensive studies, many types of electrotherapy have yet to be approved by the Federal Drug Administration.  One formidable difficulty has been the lack of elucidation of potential electrocoupling mechanisms that may mediate the beneficial effects of electrotherapy.  Without clear identification of such coupling mechanisms, the use of electric fields could remain limited and is likely to be viewed as “anecdotal” rather than an accepted biophysical technique to manipulate biological responses.

VII. EVALUATION OF STATUS OF BIOFIELD RESEARCH.

A substantial part of the meeting was devoted to the evaluation of the biofield research data.  The Working Group discussed the strengths and weaknesses of the current state of experimentation.  While the overall assessment indicated that a biofield may exist, developing conclusions from current biofield research proved to be a difficult challenge because of a number of factors.  These issues are summarized below.

A. Lack of Strict Definition of Biofield.

Biofield is only one of several relatively new terms used to describe a variety of ancient concepts from different cultures.  It includes veritable energy such as infrasonic waves and electromagnetic fields, as well as energy that cannot easily be defined by classical physics and chemistry.  Indeed, the use of such terms as “biofield”, “subtle energy”, “life force”, etc., to describe the latter type of energy is problematic because field, energy, and force have distinctively different meanings and dimensions in physics47.  Moreover, there is also significant divergence among different cultures in regard to the meaning and the source of the biofield(s).  For instance, in Chinese qigong, the healing energy is believed to be a product of mind-body exercises.  In the major modalities that came from Japan, the healing energy is deemed to have a more spiritual origin.  Although not within the scope of this meeting, the medical interventions of intercessory prayer and distance healing also have relevance to the subject of energy healing.  

Not having a clear definition of biofield makes it difficult to compare research on different modalities of energy medicine in order to reach overarching conclusions.  It is also possible that some therapies involve more than one form of energy.  When the properties of the energetic components are not understood, it is difficult for investigators to analyze their contributions and interactions.  In this meeting, however, the term biofield was used to indicate the purported energy that is transmitted from the energy therapist to the patient/recipient, and this could include both veritable/tangible energies as well as putative/intangible energies.

B.  Differences in Scientific Culture.

The bulk of the research on biofield was started in countries in the Far East, reaching a high level of activity in China in the 1980’s.  To this day, a substantial portion of studies from those countries is published in their own languages.  This phenomenon obviously poses issues in terms of language, particularly the translation of words that are more subtle or have abstract cultural ramifications.  

Besides the language barrier, significant differences in publication tradition between the East and the West also complicate the evaluation of Eastern literature.  While Western scientists strive to publish significant results in peer-reviewed journals with an international readership, Eastern scientists routinely describe their studies in the form of un-reviewed articles and abstracts in books, conference proceedings, and local journals.  On the other hand, evaluation of biofield publications in Western journals encounters a different problem.  Front line biomedical journals have been slow to accept many of the basic concepts of complementary and alternative medicine (e.g., meridians, qi).  Consequently, potentially valuable data from biofield research often have trouble getting into general topic journals with wide circulation and high impact, even when those studies have used well-accepted double-blind designs and biophysical or physiological measures.  Thus, the usual criteria of citation frequency, journal impact factor, etc., are less useful as indicators of the importance of a piece of published work in the biofield area. 

In addition to the problems described above, more serious differences in scientific culture and standards exist between researchers in conventional biomedical science and in biofield studies.  In order for research on biofield to have broader acceptance, issues such as appropriate controls, replicates, power, alternative interpretations, and statistical analysis must be addressed.  Indeed, many published biofield reports are anecdotal in nature, involving a single energy healer/emitter and a limited number of experiments.  Another serious problem stems from the lack of a theoretical basis for designing experiments and analyzing data.  Having no knowledge of the characteristics of the biofield, researchers rarely conduct studies with meaningful negative controls, sham treatments, blinded analysis, etc.  Therefore, the goal described in the NCCAM 2005-2009 Strategic Plan, that biofield energy research should have the same high standards as conventional biomedical research, has generally not been met and there are substantial hurdles in the way. 

C.  Variability and Replication

With a few exceptions, biofield effects on various experimental models reported in the literature are generally difficult to evaluate because they are usually small in magnitude and high in variability.  The exact source of this type of variability is not well understood.  Although many have hypothesized that the high variability might be caused by changes in mental and/or physiological state of the energy healer/emitter and some supporting data are available, systematic studies specifically designed to demonstrate this relationship, such as those by Dr. Rubik, Dr. Schwartz and colleagues18, have only just begun.  

The common problem of high variability in biofield results is intrinsic to studies that deal with the complexity of the human body, mind, and spirit.  Moreover, many of the factors that influence human physiological structure and function are not well understood or easily controllable.  The variability problem is compounded in many cases by small sample size or the lack of replication of preliminary results from a single experiment prior to publication.  Reasons contributing to this phenomenon include the heavy social, political, and financial pressure faced by some investigators to produce and to announce positive results as soon as possible.  

For those investigators who value the importance of replication in their studies, difficulty often arises in finding enough high level energy healers/emitters to serve as test subjects.  Well known energy healers normally have heavy professional schedules and are seldom available for scientific experiments for more than one or two occasions.  Others are reluctant to participate for fear that negative results would harm their medical reputation.  There are also top healers who have many senior students, but they themselves are the only ones who can produce a seemingly positive result in the laboratory.

The qualities of healers also contribute significantly to the variability of results.  While there are certificate programs in certain biofield modalities, such as Reiki, many of the energy practices do not have any standardization. What constitutes a “master healer” and what is an “experienced healer” are some of the confounders in biofield research.  Without any level of standardization, it is impossible to compare the results from one study with another.  In addition, most of the reported studies were carried out with relatively low number of healers, sometime even just one, leading to a high degree of intrinsic variability.

Another problem in biofield research is the limited number of laboratories with a long-term commitment to conduct such studies.  While there are many individuals who are interested in studying the biofield on a full-time and long-term basis, they may not have the optimal expertise or facilities to carry out this type of research.  On the other hand, there are also many qualified investigators with the appropriate scientific knowledge and equipment, but their research is devoted to other fields and therefore do not have sufficient time and financial resources to conduct biofield experiments in a rigorous manner.  In recent years, NCCAM has started to provide some funding to a few laboratories and centers to study biofield related topics.  While some encouraging results have emerged, they are still preliminary and need to be confirmed by larger scale studies and replicated in independent laboratories.

D. Problems in Biofield Dosage and Assays.

The small magnitude of effects of biofield reported in the literature might be explained by sub-optimal dosages used in the studies.  Systematic studies on dosage effects are difficult to find in the literature.  If an experimenter uses sub-optimal or sub-threshold dosages, little or no effect will be seen.  This difficulty is compounded by the problem that investigators have neither objective standards for calibrating the healing power of an energy practitioner nor a logical way to predict how much energy the person can emit in a laboratory setting.  Researchers have often observed that the clinical reputation of a healer does not necessarily correlate with the ability to produce positive results in the laboratory.  With drastic differences in beliefs on the origin of biofield energy, qigong practitioners, spiritually oriented therapists, and natural born healers might emit very different levels as well as different types of energy.  Moreover, there is some evidence supporting the notion that their energy level might depend on complicating factors such as mental and physiological states, etc.18   Uncontrollable fluctuations in such variables would greatly impact the results and reproducibility of experiments.

Another thought held by some scientists and healers who have participated in biofield studies is that energy emission towards cell cultures or physical instruments rather than a human subject is a specialized skill that requires a considerable amount of experience in a laboratory setting.  This notion might explain the high degree of variability in biofield effects measured in vitro, particularly when different energy healers are involved.  Another consideration is that biofield therapies, in all variants, tend to center on the premise that the human body functions as a whole system.  Therefore, in vitro molecular and cell culture studies, while invaluable because they completely avoid the complications of psychological effects on a human subject, may miss some of the interactions among different physiological systems that may be part of the basis of biofield healing.  Therefore, such approaches may not be ideal for studying the biofield.

E.  Conflict of Interest Issues.

Prompted by the emergence of faculty entrepreneurship in the area of biotechnology, research institutions in the U.S. have well developed policies and infrastructure for managing conflict of interest issues related to interactions between investigators and industry.  In biofield research, there are serious problems of potential conflicts of interest that are not properly addressed in a similar manner.  First of all, energy healers and their organizations tend to generate income directly or indirectly from energy therapies provided to patients.  Therefore, results indicating that energy emitted by the healers affects a test system in a laboratory would ultimately have a financial benefit to their medical practice or their organization.  Besides creating an influence on the integrity and objectivity of a study, this financial relationship can lead to premature release of preliminary experimental results that have not been sufficiently replicated.  

Because of the lack of government regulation on energy medicine, there are many charlatans among practitioners in this area.  These individuals are known to use deceptive techniques, devices, and chemicals to create heat, electricity, etc., to substitute for or to add to their energy output during their therapies.  Unfortunately, some of these charlatans have successfully deceived reputable scientists into thinking that the energy emitted through artificial means comes from the healers’ bodies.  To maintain objectivity and integrity of a study, an energy healer in a study ought to be an anonymous and blinded experimental subject with no financial stake on the outcome of the study.  Instead, it is not uncommon to see an energy healer serve not only as a named experimental subject, but also as a major investigator and co-author of publications on such studies.  In some instances, the healer and/or the organization promoting this type of energy therapy provides support for the studies while others demand authorship as a condition for participation.  It might be argued that input from the healer regarding experimental design is appropriate at some stages of biofield research; however, in many studies the involvement of the healer goes far beyond this level.   Fortunately, these practices are generally not the case for NIH-funded studies, in which subject anonymity is supposed to be maintained.  

F. Biofield Measurement Instrumentation.

In the context of biofield energy medicine, there are a number of considerations for evaluating the possibility that the human body might emit sufficient energy to affect biological systems.  It appears that most, but not all, of the biological responses that have been shown by the researchers in the biofield are electromagnetic in nature.  While it is not the charge of the current Think Tank Working Group to evaluate the currently available instruments and devices to measure the biofield, it is evident from the reports and current literature that there are no documented instruments available to quantify the biofield and correlate it to its therapeutic efficacy.  The lack of sufficient measurement tools and validated energy markers has been a serious impediment to the progress in studying biofield energy.  Many devices presently in use are associated with algorithms for data interpretation that are either unclear or unproven.  Thus, the significance of what is being measured is uncertain.  Some investigators have a financial interest in companies producing specialized equipment that is supposed to be useful for measuring biofield-related parameters or emitting biofield-like electromagnetic/infrasonic energy for health enhancement or treatment of diseases.  The validity of their unsubstantiated claims in sales literature and company websites is open to question.

G. Sensors and Receptors.
There is currently little understanding regarding biological sensors and receptors that would be sensitive to modulations of various energy forms.  However, the literature from the comparative neurobiology of vertebrates to the electrical properties of molecules and cells supports a set of plausible hypotheses that there are “change or pattern detectors” for several of the features assumed to underlie the biofield.  

VIII.  INTERPRETATIONS AND CONCLUSIONS
Taking into consideration the complicating factors associated with the evaluation of biofield research, a number of conclusions could still be made on the basis of data in the literature and in presentations given at this meeting.  Most importantly, biofield research, collectively, has produced some preliminary results supporting the continued examination of the existence of a biofield(s).  However, there is also considerable inconsistency amongst the studies.  The recent research funded by NCCAM reflects the ambiguous status of the field.  The studies presented at this meeting produced a gray mix of some strongly positive findings as well as completely negative ones, raising issues of reliability.  The former group of studies is strongly suggestive of the existence of some type of biofield, but there is a great need for replication, exploration of alternative explanations such as expectation and face-to-face interactions, and additional investigation into the reasons for lack of reproducibility within some laboratories or among different experimental systems used by other investigators.  It is also evident that some, but not all biofield effects can be explained by modern biology, psychology, and traditional physics.  There does not seem to be a single scientific model that can be used to interpret all biofield effects reported to date.  Instead, the Working Group proposed a metaphor of the steps of a ladder as being a useful way of describing possible biofield effects based on our current knowledge from different scientific fields and disciplines. 
Step 1: Effects Commonly Accepted as Facts.

The most fundamental step of the metaphoric ladder represents biofield-related phenomena that are based on the simple fact that the human body emits a range of veritable energies.  At the most basic level is the emission of thermo energy, detectable by the human skin and easily quantifiable with instruments ranging from the household thermometer to devices based on thermistors, infrared detectors, heat-sensitive liquid crystals, etc.  It is also common knowledge that the human body emits electrical energy.  Biomedical technologies such as electrocardiography and electroencephalography are routinely used to analyze this type of electrical signals.  The body also emits a low level of magnetic energy, which can be detected with a superconducting quantum interference device (SQUID)11.  The technology of magnetoencephalography for brain imaging studies is based on this type of phenomenon.  Less well known is the emission of electromagnetic energy by the body in the form of light.  There is a substantial amount of research on “biophotons”, a term used to describe light emitted by the body in the visible wavelengths48,49.  This type of energy is very low in magnitude, but can be accurately measured with photomultiplier tubes with sensitivity at the single photon level50.  There is also a report of elevated levels of infrasonic radiation from energy healers in frequencies of less than 16 Hz51.  Some have hypothesized that the coherent electromagnetic field within and around the human body can carry information that is involved in organizing bio-molecular processes52.

In summary, the emission of veritable energy by the human body is a well-established phenomenon that is the basis for many technologies commonly used for clinical diagnosis and biomedical research.  There is also a substantial volume of literature on how energy healers can increase the emission of this type of energy in a laboratory setting.  What remains to be determined is whether or how this type of low-level veritable energy is relevant to that which is purported to be transferred between a healer and a patient during biofield energy therapies.

Step 2: Effects Explainable by Concepts of Mind-Body Physiology, Psychology, and Medicine.

The next step up the ladder represents those biofield effects that do not have a simple biophysical basis, but can be explained by concepts developed from research in mind-body physiology, psychology, and medicine.  In recent years, there is increasing evidence that there are close linkages between the mental-psychological state and the physiological state of the body.  One example is the demonstration that psychological stimuli have profound effects on the immune system.   Another example is the recognition that the placebo effect is a significant component of virtually all medical interventions, from the analgesic effects of Aspirin to the effects of acupuncture on various organ systems.  Therefore, it would not be surprising if the mind-body connection also plays a significant role in biofield energy therapies.  An illustration of this type of relationship is that the human nervous system has evolved to evaluate risk in the environment.  Detecting features related to safety and trust is required to dampen defense reactions and to promote the neural system to mediate health, growth, and restoration.  During biofield energy therapies, a variety of levels of communication may occur.  Besides the purported transfer of biofield energy, the most obvious communication is the dynamic and continuous evaluation by the patient of the intentionality of biological movements of the healer.  Such movements including the intonations of voice, eye contact, facial expressions, and gestures of the head and hands.  The human nervous system detects these features, triggering a neural circuit that turns off defensive reactions and promotes increased eye gaze, improves extraction and understanding of the human voice, and calms the visceral state.  Since physiological state is an important mediator of the healing process, changes that are due, in part, to face-to-face interactions and social support are an important component of the healing process.

Some of the preliminary results reported at this meeting suggest that the mindset of energy healers might be related to their ability to affect cell cultures in vitro.  This type of mind-body relationship has long been proposed by many investigators to explain a high degree of variability in their results.  Electrical signals from the body are known to be influenced by thoughts, external stimuli, expectancy, intention, and social cues.  Several of these signals are well-documented products of organs (e.g., EKG), thoughts (e.g., EEG), or emotions (e.g., electrodermal activity of the hands).   Therefore, it is a reasonable projection from these observations that emission of energy relevant to biofield therapy might also be similarly affected by the conscious mindset of the healer.   This line of reasoning could also be extended to the unconscious mind and other psycho-social parameters, which might be difficult to replicate and therefore contribute to the problems in reproducibility and deviation from the principle of physical causality in some biofield experiments.

Step 3: Effects Explainable by Concepts of Cellular-Molecular Biology and Biophysics.

The next higher step of the ladder represents those biofield effects that can conceivably be explained by our present understanding of how the human body responds to external electromagnetic stimuli at the systems, cellular, and molecular levels.  Of particular note are the reported effects of biofield on cells in culture and on macromolecular structure and function in vitro, experimental test systems that are not complicated by mind-body and placebo effects. 

The human body has many physiological structures that have the potential to respond to external electromagnetic energy.  At the most sensitive end of the scale are the rods in the eye, which are sensitive to a single photon.  Many other cells and tissues also respond to externally applied electrical energy and this property is utilized in electrotherapies for promoting such processes as bone fracture healing, spinal fusion, nerve fiber repair, and cartilage regeneration.  At the experimental level, there are many studies showing that electrical fields can produce profound effects on cellular structures and functions in vitro.  Examples include activation of ion pumps in the cell membrane, redistribution of membrane proteins, changes in cell morphology, and induction of cellular migration.  However, despite the above observations and the fact that the body itself emits electromagnetic energy, the crucial question of whether this type of energy can produce healing effects on another person is a complicated one because of a number of considerations.

First, biological effects have been shown to be proportional to the square of field strength53, indicating that the energy density is a key parameter (k E2/2, where k is the dielectric constant and E is the electric field strength).  Moreover, if the electric field is a tensor, then other nonlinear effects may become dominant.  Therefore, it is not a simple task to estimate the magnitude of biological effects at a given level of energy.

Second, the importance of pattern recognition in addition to signal amplitude should be considered.  For instance, the human nervous system has several receptor and effector systems that have been phylogenetically tuned to detect specific forms and patterns of energy.  Information is conveyed through several sensory domains, not solely as level but as periodic processes.  It is possible that there are sensors and receptors in other parts of the body that are also sensitive to modulations of various forms of energy that underlie the biofield.
Third, the factors of signal-to-noise ratio and signal amplification should be considered.  For instance, the cell membrane, which is an interface for external energy to be detected and transduced into the cell to produce further biological responses, is electrically active and dynamic.  Noise in the membrane including electrical thermal fluctuations is estimated to be about 0.3 V (10 micron radius cell and T = 310 K).  It follows that ~ 0.2 mV/cm is the minimum strength of an external electric field needed to overcome this noise in order to influence the transmembrane potential.  However, far smaller electric fields have been shown to induce biological responses54.  As for the possible mechanisms of potential biofield effects during energy therapies, the ones postulated for weak electromagnetic field effects could be considered.  These include ion flux, cell communication, and gene activation.  To be more specific, ion channel opening will require changes in the transmembrane potential (~ 100 mV).  The T-type calcium channels, for example, could be modulated by a change in voltage as small as 10 mV.  Using the thermal electric field (0.2 mV/cm) and 10 micron cell size, the transmembrane potential could be altered by 0.001 mV due to noise.  Again, this magnitude of the electric potential may be negligible but even in the resting state, cells have been known to demonstrate calcium fluctuations, leading to the same conclusion that signal averaging and amplification must be accounted for.

Fourth, the existence of specialized organs and physiological pathways for detection or production of energy signals should be considered.  Well known examples include the organs of remarkable sensitivity that allow sharks to sense extremely low electrical fields, homing pigeons to detect small fluctuations in the earth’s magnetic field, and bloodhounds to smell a very small number of odorous molecules.  Therefore, it is conceivable that the human body also possesses specialized detectors for low-level forms of energy involved in the healing process.   Moreover, the opposite and complement of this model should also be considered.  By synchronizing the firing of a large bank of neuron-like cells, the electric eel can produce electrical pulses from tens to hundreds of volts.  There are reports that some high-level energy healers can emit various forms of measurable energy many times that of an ordinary person.  It is conceivable that such healers have acquired, either as a natural trait or through long periods of training, highly developed pathways that allow them to produce an abnormally high level of energy that can be used for healing purposes.

In summary, biofield effects on humans and on cells and tissues in vitro can conceivably be explained by our current knowledge of how veritable energy affects human physiology at the systems, cellular, and molecular levels.  However, it should be stressed that these explanations invoke many assumptions, and a great deal of studies are required to test their validity.  For a better understanding of the basis of biofield effects of this nature, future research should include such directions as: the estimation of the field strength emitted by energy healers measured under different physiological and psychological conditions; examining the possible relationship between energy consumption and production of healing energy (e.g., oxygen and ATP as energy sources); establishing the threshold of energy levels required for producing healing effects on the body and on cellular and tissue models; and developing and investigating the molecular, cellular, and physiological mechanisms in which signal averaging, pattern recognition, and amplification might be plausible.   

Step 4: Effects Conceivably Explainable by Theories of Modern Physics.

The highest step of the ladder represents biofield effects that are most difficult to understand because they are inconsistent with basic principles of classical physics and current concepts of biology.  However, such effects might be explainable by advanced theories of modern physics.   Prominent in this group of reported phenomena are distance healing effects, effects of intention on physical reality, and certain effects on cultured cells.

If a biofield effect is mediated by electromagnetic energy, one should expect it to have a number of characteristic features.  First, the effect should be eliminated if the transmission of the energy is blocked by an appropriate shield.  Second, the effect should decrease with increasing distance between the energy emitter and the target.  Third, taking into account the time lag due to signal transmission, processing, and development of a biological response, the effect should occur contemporaneously with the energy emission.  Fourth, there should be some sort of dose-response relationship between the level of emitted energy and the magnitude of the effect produced.

Some reported biofield effects are difficult to interpret because they do not follow some or all of the predictions described above.  For instance, in the study showing that biofield increased intracellular calcium ion concentration in cultured cells1, the effect was reported to be greater with increasing distance between the energy emitter and the target cells.  Moreover, placing cells in a space where energy emission had previously occurred had the same effect.  Another example is the report presented at this meeting that a biofield inhibited the proliferation of HeLa cells in culture in a distance independent way; the same results were obtained when the energy emitter was several feet or thousands of miles away25,26.  The possibility that the biofield energy is electromagnetic in nature is further diminished by the report that the biofield effect could not be blocked by a Faraday cage, and that the effect is enhanced by a ritualistic space “cleansing” procedure, which can be performed many days prior to the time of the experiment.

The two studies mentioned above share common features with other reports presented at this meeting: that human intention can affect physical targets such as random number generators and electronic imprinting devices in a manner which does not show a simple relationship with space and time.  As specifically demonstrated in the Johrei Yantra and FieldREG experiments carried out at Princeton, for example, they can be effective with non-biological targets.  The implications of this extension of anomalous mind/matter coupling beyond the healing domain forces the issue into an even broader theoretical physics regime.  Two lines of explanation have been proposed to interpret this category of effects.  First, the biofield consists of a new type of energy, called “subtle energy” by some investigtors55, that is intrinsically different from any type of energy that has ever been defined by physicists.  Second, the biofield consists of veritable energy which could be electromagnetic in nature, but its characteristics within the context of biofield research can only be explained by theories of modern physics (e.g., string theory, quantum entanglement, spacetime model, etc.).  These two explanations have yet to be widely accepted by the general scientific community at the present time because the first is pure conjecture and the second is based on advanced theories whose relevance to biofield has not yet been determined.  However, some conceptual attention of this sort is being examined by certain members of the physics community under the nomenclature of “Endophysics”56-58. 

IX.  RECOMMENDATIONS
A.  Biofield research collectively has produced preliminary data that may suggest the existence of some sort of a biofield(s).  Further theoretical and experimental research to explore this concept is warranted.  This research could begin to resolve issues such as defining the features of a biofield.

B.  Future research approaches should include not only efficacy studies but physical characterization of the biofield, examination of mechanisms down to the cellular and molecular level for sensing and emitting the biofield, and the influence of psychological and physical states on these processes.  

C.  Increased rigor is required, involving strategies such as replication at multiple sites, use of multiple energy healers, evaluation of effect size, examination of alternative explanations, and strong statistical analyses.

D.  Investigators should be brought together more frequently in order to help define valid research questions, discuss diverse explanations of biofield, and facilitate more rapid advances.

E.  Given its exploratory nature and lack of guaranteed experiment success, special panels are needed for reviewing biofield grant proposals. These panels would not allow bias against energy research; however, scientific rigor would be maintained.
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