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ORIGINATING WORK 1995-1997
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L5/S1 SEQUESTRATION
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L5/S1 SEQUESTRATION



PRIOR DISCECTOMY - RECURRENT PROTRUSION



L4/5 PROTRUSION – 2 WEEK INTERVAL

file:///C:/Users/HyperMED/HyperMED%20WEB/HyperMED%20_%20OXYMED%20_%20OXYGEN100%20Australia/Case%20Study/SM.htm
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MASSIVE SEQUESTRATION L5/S1 DISC



CANAL STENOSIS, FACET JOINT CYST



DISC PROTRUSION, COMPRESSIVE MYELOMALACIA



COMPLEX FAILED SURGICAL SYNDROME (FBSS)



INTERNATIONAL ATHLETES (2010-2019)



GAME CHANGER - PR

PR presented 6-years post injury, classified as a C6/7 complete

“Hyperbaric Oxygen Therapy creates a ‘fertile neurovascular 
platform’ for emerging stem cell, immunotherapies and 
nanotechnology techniques. 

The impact and success of these and future procedures are 
dependent on the integrity of the underlying supporting 
neurovascular bed.” (Hooper 2005).

* HBO acts as a 'catalyst' promoting immune modulation 

* HBO results in increased blood flow by fostering the formation 
of existing and new capillary dynamics (neovascularization) 
activating damaged and dormant nerve cells (penumbra state)

* HBO accelerates neuroplasticity



CASE STUDY IM 

Young Isabel has never walked. 

* At 8-months age Isabel, was operated on for a benign tumour resulting in her 
becoming a T4 complete paraplegic.



SYRINGOMYELIA, CORD ATROPHY, BENIGN FIBROUS MASS

Prior to commencing HBOT LOKOMAT (2007)

MRI 13-03-07:

“Comparison is made with the last examination dated 10-10-05. Again,
demonstrating the enhancing intraspinal lesion posteriorly in the spinal
canal at the level of T4-T6. It is again seen to measure 2.8cm cranio caudal
and 1cm AP.

* The T2 imaging again shows cord atrophy with hydromyelia from T1 to at
least the inferior border of the lesion”.

WHAT ARE THE PROSPECTS OF RECOVERY FOR YOUNG ISABEL?



CHANNEL 7 NEWS (2007)

https://youtu.be/f6ICtNzU6gM https://youtu.be/ZfzWSKIKcvM

https://youtu.be/f6ICtNzU6gM
https://youtu.be/ZfzWSKIKcvM
https://youtu.be/f6ICtNzU6gM
https://youtu.be/ZfzWSKIKcvM


CASE STUDY KP

Kyle suffers a T12 spinal cord injury being told he would “never 
walk again”. 

https://youtu.be/tml5KjZEBp0?t=5

https://youtu.be/tml5KjZEBp0?t=5
https://youtu.be/tml5KjZEBp0?t=5


CASE STUDY MB

Marco suffered a massive stroke due to an extensive arteriovenous 
malformation (AVM).

https://youtu.be/OMqty6COs8E?t=39

https://youtu.be/OMqty6COs8E?t=39
https://youtu.be/OMqty6COs8E?t=39


CASE STUDY CB

Young Chloe – near drowning victim. 

https://youtu.be/3XCL1mocf1c

https://youtu.be/3XCL1mocf1c
https://youtu.be/3XCL1mocf1c


THE EVOLUTION OF HYPERBARIC OXYGEN 

* Alexander The Great 320 BC, Bosphorus Straits in a glass barrel during 
the siege of Tyre.

* Leonardo Da Vinci 1500’s made sketches of diving vessel chambers

* 1620, the Dutch inventor Cornelius Drebbel developed the first true diving 
bell. This vessel had the ability to be compressed to 1 atmosphere but had 
no supplementary Oxygen.

* 1662, British physician Henshaw - chamber fitted with a large pair of organ 
bellows, with valves paced so that air could either be compressed into the 
chamber or extracted from it. In the ‘domicilium’ increased pressures were 
used for the treatment of acute disease, and reduced pressures for the 
treatment of chronic diseases.

* 1691, Edmund Halley, after whom the comet is named, improved diving 
bell chambers by devising a method of replenishing the air supply.

* 1830’s, France led the new fashion in Hyperbaric Medicine. Hyperbaric 
chamber exposures of between 2 and 4 atmospheres absolute were stated 
to increase the circulation to the internal organs, improve the cerebral 
blood flow, and produce a feeling of well being.



BROOKLYN BRIDGE – CAISSON WORKERS 

*1700 - 1830’s Brooklyn Bridge New York, construction workers, miners 
and tunnellers would use a sealed box filled with compressed air called a 
caisson, to work underwater or at great depths. This allowed them to work 
safely with a supply of air. The workers became known as Caisson 
workers, or just ‘caissons’.  As the amount of work increased and more and 
more workers were using these Caissons, there was an increase in reports 
of illnesses such as dizziness, cramping, sharp pains in the joints and 
abdomen and even death. The understanding for this was not understood 
and it became known as mysterious malady. One strange mystery to them 
was that the symptoms seemed to disappear when the worker returned to 
the pressurised chamber. Of course, we now see these as classic 
symptoms of decompression illness or as it’s known to divers today ‘the 
bends’. 

* 1834-1837, Junod, Tabarie and Pravaz built a large hyperbaric chamber 
using it to treat a variety of ailments. The chambers were promoted and 
used specifically for pulmonary diseases, including tuberculosis, 
laryngitis, tracheitis and pertussis, as well as apparently unrelated 
diseases such as deafness, cholera, rickets, metrorrhagia and 
conjunctivitis.

* 1877, Fontaine developed the first mobile hyperbaric operating theatre, 
and by this time hyperbaric chambers were available in all major European 
cities being advertised as comparable to health spas.



EVOLUTION OF HBOT 

* 1850s Hyperbaric chambers flourished across Europe and known as “Pneumatic 
Institutes”

* 1860, The first hyperbaric chamber was constructed in Canada.

* 1861, The first such chamber in the United States was built by Corning in New York to treat 
nervous disorders.

* 1879 a fully equipped mobile hyperbaric operating room was available in hospitals, 
sanatoriums, and even in private homes. It was claimed that patients recovered from 
anesthesia more rapidly when in the chamber. Cyanosis and asphyxia were reported to be 
less, or absent. Post-anaesthetic excitement and vomiting were markedly decreased. The 
mobile chamber was recommended to facilitate the reduction of hernia, and for patients 
with asthma, emphysema, chronic bronchitis and anemia.

* Twenty-seven operations were performed within a 3-month period in this chamber. Success 
was so great that a large hyperbaric surgical amphitheatre which would hold 300 people was 
planned, but never actually came into being. Fontein had an accident whilst at the Pneumatic 
Institute which resulted in his death, the first physician martyr to Hyperbaric Medicine.

* 1885, British Medical Journal (BMJ): “The use of atmospheric air under different degrees 
of atmospheric pressure, in the treatment of disease, is one of the most important 
advances in modern medicine and when we consider the simplicity of the agent, the 
exact methods by which it may be applied, and the precision with which it can be 
regulated to the requirements of each individual, we are astonished that in England this 
method of treatment has been so little used”.



EVOLUTION OF HBOT 

* 1920’s Cunningham first used his chamber to treat the victims of the 
Spanish influenza epidemic that swept across the USA during the closing 
days of the First World War.

* Cunningham had observed that mortality from this disease was higher in 
areas of higher elevation, and he reasoned that a barometric factor was 
therefore involved. He claimed to have achieved remarkable improvement 
in patients who were cyanotic and comatose. One night however, a 
mechanical failure resulted in a complete loss of compression and all his 
patients died. This tragedy was a sobering lesson but ultimately did not 
deter Dr Cunningham.

* His enthusiasm for hyperbaric air continued, and he started to treat 
diseases such as syphilis, hypertension, diabetes mellitus, and 
cancer. His reasoning was based on the assumption that anaerobic 
infections play a role in the etiology of all such diseases.

* 1928, Dr Cunningham, in Cleveland constructed the worlds largest 
chamber – five stories high and 64 feet in diameter. Each floor had 12 
bedrooms with all the amenities of a good hotel. At that time it was the only 
functioning hyperbaric chamber in the world. As the publicity surrounding his 
treatments grew, Dr Cunningham was repeatedly requested by the Bureau 
of Investigations of the American Medical Association (AMA) to 
document his claims regarding the effectiveness of Hyperbaric Therapy.



AMA 1928 POSITION ON THE ‘TANK TREATMENT’

* Apart from a short article in 1927, Cunningham made no efforts to describe his 
technique in ‘accepted’ medical literature. He was eventually censured by the AMA in 
1928 in a report that stated:

“Under the circumstances, it is not to be wondered that the Medical Profession 
looks askance at the ‘tank treatment’ and intimates that it seems tinctured much 
more strongly with economics than with scientific medicine. It is the mark of the 
scientist that he is ready to make available the evidence on which his claims are 
based.”  

* The Cunningham chamber was ‘dismantled in 1937 and scrapped for war efforts’.

* 1937 – the year that Cunningham’s “air chamber” hotel was demolished – Bhnke and 
Shaw used hyperbaric Oxygen for the treatment of decompression sickness.

* 1960 Boerema - The Life Without Blood.

* 1966 The first stroke victims treated using HBOT.

* 1967 Undersea and Hyperbaric Medical Society (UHMS) was founded

* 1970 The first Multiple Sclerosis patient treated using HBOT.

* 1988 International Society of Hyperbaric Medicine.

* 1997/8 The International Hyperbaric Medical Foundation (IHMF) and International 
Hyperbaric Medical Association (IHMA).

* 2000 Hyperbaric Medicine approved as a subspecialty of emergency and preventative 
medicine.



WATERSHED MOMENT – ‘LIFE WITHOUT BLOOD’

* In 1960 Prof. Boerema surgeon and physiologist in 

Amsterdam, was the first to experience the mechanism of 

action of hyperbaric oxygen by publishing the results in the 

famous scientific article: "life without blood". 

* Henry’s Law of Partial Pressure: formulated by William 

Henry in 1803 regulating the solubility of gases in solvents -

"At a constant temperature, the amount of a gas that 

dissolves in a given type and volume of liquid is directly 

proportional to the partial pressure of that gas in equilibrium 

with that liquid." 

* At 3ATA, the pigs breathed pure oxygen and the plasma 

was physically saturated of oxygen not related to 

hemoglobin. The molar fraction of dissolved oxygen in the 

plasma was so high that the ‘presence of red blood cells 

was completely obsolete’, making it possible to maintain all 

vital functions despite the pigs. 

* ‘This experiment had great world relevance and poses 

medical-scientific bases for the studies of current 

hyperbaric and underwater medicine’.

https://www.facebook.com/antonello.sanna.O2/videos/10214854859436492/?t=1


HYPERBARIC 101 – DIFFUSION GRADIENT UNDER PRESSURE



FDA VS INTERNATIONAL RECOGNISED CONDITIONS (OFF-LABEL)

USA FDA funding is restricted to 14 approved conditions.
• Air or gas embolism, 
• Carbon monoxide poisoning
• Enhancement of healing in diabetically derived illness such as diabetic foot, diabetic retinopathy, diabetic nephropathy
• Exceptional blood loss (anemia)
• Intracranial abscess
• Clostridal myositis and myonecrosis (gas gangrene)
• Crush injury, compartment syndrome, and other acute traumatic ischemias
• Decompression sickness
• Necrotizing soft tissue infections (necrotizing fasciitis)
• Osteomyelitis (refractory)
• Delayed radiation injury (soft tissue and bony necrosis)
• Skin grafts and flaps (compromised)
• Thermal burns
• Actinomycosis
• Cyanide poisoning
• Delayed radiation injury (soft tissue and bony necrosis)
• Sudden Sensorineural Hearing Loss 

* AUST – Medicare funding is limited to 6 conditions.  * UK – NHS funding is limited to 3 conditions.

* 2013, China reports over 5000 chambers labelling Primary Emergency Conditions and Secondary Adjunctive Conditions. 
The Qingdao, 22nd academic meeting approved “new indications to include diseases that were directly or indirectly caused by hypoxia 
and/or ischemia or a series of conditions that are related to hypoxia and/ or ischemia in the evolution of the disease process”.

* 2019, Hyperbaric Medicine International formed with the amalgamation of the IHMA and the National Hyperbaric Association (NHA)  to 
reflect the international recognized conditions (currently in excess of 70-conditions).



HYPERBARIC OXYGEN THERAPY TODAY



SPECT IMAGING PRE AND POST HBOT

https://youtu.be/7Pc2RH5ErmE


2015, HYPERBARIC OXYGEN IMPACTS THE CELLULAR LANDSCAPE 

Hyperbaric Oxygen is breathing 100 per cent oxygen at 
pressures greater than ambient sea level (760 mmHg).

* Approximately 20 to 30 percent of the body's consumption of 
Oxygen occurs within three to five per cent of the body mass -
the brain and spinal cord. 

These structures are extremely sensitive to Oxygen deficiency 
and the use of HBO.  

Penumbra State - in chronic injuries, the microenvironment is 
in a constant smoldering “cytokine storm” state. Pro-
inflammatory cytokines are important in mobilizing the 
reparative and regenerative responses when ‘attacked’, but 
chronic over-expression leads to immune confusion and 
autoimmune degradation. 

‘Over-expressions of pro-inflammatory cytokines can affect 
synaptic strength and synaptic plasticity, and excess 
contributes to maladaptive plasticity and chronic pain 
syndromes’.  



2015, INJURY CASCADE – CHRONIC CYTOKINE STORM - MALADAPTIVE PLASTICITY



WATERSHED - STEM CELL MOBILIZATION - 8 FOLD INCREASE & MOBILISATION



2019, HYPERBARIC ELEVATES BDNF/NT-3 GROWTH FACTORS

Tropomyosin receptor kinase B (TrkB),[5] also known as tyrosine receptor kinase B,[5] or BDNF/NT-

3 growth factors receptor. TrkB is a receptor for brain-derived neurotrophic factor (BDNF).

https://en.wikipedia.org/wiki/Tropomyosin_receptor_kinase_B#cite_note-NHM-TrkB-5
https://en.wikipedia.org/wiki/Tropomyosin_receptor_kinase_B#cite_note-NHM-TrkB-5
https://en.wikipedia.org/wiki/Brain-derived_neurotrophic_factor


2015, HYPERBARIC ELEVATES HIPPOCAMPUS NESTIN, BRDU HI NEONATES



2019, NORMOBARIC HYPEROXIA (42%), STEM CELLS AND CYTOKINE EXPRESSIONS 



2019, STEM CELL MIGRATION RELEASING ANTI INFLAMMTORY GENE EXPRESSIONS



2019, HYPERBARIC SPINAL CORD INJURY



2019, HBOT INHIBITS GLIAL SCAR FORMATION 



2017, HBOT PROTECTS INDUCED SCIATIC NEURONAL DEATH



SHAI EFRATI – HBOT & ERECTILE DYSFUNCTION



2018, HBOT AMELIORATED ACUTE SCI



2013, HYPERBARIC OXYGEN ELEVATES INTERLEUKIN 10



GLOBAL INFLUENCER: PROF SHAI EFTRAI TEL AVIV 

* The Sagol Hyperbaric is the world's largest clinical research facility with over 150 –

200 patients attending daily. In excess of 70% of the patients receive HBOT for a 

range of neurologic conditions including stroke, fibromyalgia, dementia, cognitive 

decline, alzheimer’s and other neurodegenerative disorders.



PROF SHAI EFRATI – IN EXCESS 34 PUBLICATIONS

Hyperbaric Oxygen Therapy effects on Pulmonary functions: a prospective cohort study.

Hadanny A, Zubari T, Tamir-Adler L, Bechor Y, Fishlev G, Lang E, Polak N, Bergan J, Friedman M, Efrati S.

BMC Pulm Med. 2019 Aug 13;19(1):148. doi: 10.1186/s12890-019-0893-8.

Effects of Hyperbaric Oxygen Therapy on Brain Perfusion, Cognition and Behavior in Fetal Alcohol Spectrum Disorder-A Case Study.

Koren G, Golan C, Suzin G, Berkovich M, Efrati S.

Alcohol Alcohol. 2019 Mar 1;54(2):177-179. doi: 10.1093/alcalc/agz009.

Hyperbaric Oxygen Therapy Can Induce Neuroplasticity and Significant Clinical Improvement in Patients Suffering From Fibromyalgia 

With a History of Childhood Sexual Abuse-Randomized Controlled Trial.

Hadanny A, Bechor Y, Catalogna M, Daphna-Tekoah S, Sigal T, Cohenpour M, Lev-Wiesel R, Efrati S.

Front Psychol. 2018 Dec 17;9:2495. doi: 10.3389/fpsyg.2018.02495. eCollection 2018.

Effect of Hyperbaric Oxygen Therapy on chronic neurocognitive deficits of post-traumatic brain injury patients: retrospective analysis.

Hadanny A, Abbott S, Suzin G, Bechor Y, Efrati S.

BMJ Open. 2018 Sep 28;8(9):e023387. doi: 10.1136/bmjopen-2018-023387.

Recovery of Repressed Memories in Fibromyalgia Patients Treated With Hyperbaric Oxygen - Case Series Presentation and 

Suggested Bio-Psycho-Social Mechanism.

Efrati S, Hadanny A, Daphna-Tekoah S, Bechor Y, Tiberg K, Pik N, Suzin G, Lev-Wiesel R.

Front Psychol. 2018 May 29;9:848. doi: 10.3389/fpsyg.2018.00848. eCollection 2018.

Hyperbaric oxygen therapy as a new treatment approach for Alzheimer's disease.

Shapira R, Efrati S, Ashery U.

Neural Regen Res. 2018 May;13(5):817-818. doi: 10.4103/1673-5374.232475. No abstract available.

https://www.ncbi.nlm.nih.gov/pubmed/31409407
https://www.ncbi.nlm.nih.gov/pubmed/30801636
https://www.ncbi.nlm.nih.gov/pubmed/30618929
https://www.ncbi.nlm.nih.gov/pubmed/30269074
https://www.ncbi.nlm.nih.gov/pubmed/29896150
https://www.ncbi.nlm.nih.gov/pubmed/29863011


NEUROINFLAMMATION

[HYPERBARIC OXYGEN THERAPY- BASICS AND NEW APPLICATIONS].

Hadanny A, Suzin G, Lang E, Efrati S.

Harefuah. 2018 May;157(5):322-326. Review. Hebrew.

Hyperbaric oxygen can induce angiogenesis and recover erectile function.

Hadanny A, Lang E, Copel L, Meir O, Bechor Y, Fishlev G, Bergan J, Friedman M, Zisman A, Efrati S.

Int J Impot Res. 2018 Nov;30(6):292-299. doi: 10.1038/s41443-018-0023-9. Epub 2018 May 18. Erratum in: Int J Impot Res. 2018 Jul

Carbon monoxide poisoning in a young, healthy patient: A case study of heart failure recovery after Hyperbaric 

Oxygenation Treatment.

Kuniavsky M, Bechor Y, Leitman M, Efrati S.

Intensive Crit Care Nurs. 2018 Aug;47:85-88. doi: 10.1016/j.iccn.2018.04.008. Epub 2018 May 9.

Hyperbaric oxygen therapy ameliorates pathophysiology of 3xTg-AD mouse model by attenuating neuroinflammation.

Shapira R, Solomon B, Efrati S, Frenkel D, Ashery U.

Hyperbaric Oxygen Therapy Can Induce Angiogenesis and Regeneration of Nerve Fibers in Traumatic Brain Injury Patients.

Tal S, Hadanny A, Sasson E, Suzin G, Efrati S.

Front Hum Neurosci. 2017 Oct 19;11:508. doi: 10.3389/fnhum.2017.00508. eCollection 2017.

Hyperbaric oxygen therapy effects on pulmonary functions: a prospective cohort study.

Hadanny A, Zubari T, Tamir-Adler L, Bechor Y, Fishlev G, Lang E, Polak N, Bergan J, Friedman M, Efrati S.

BMC Pulm Med. 2019 Aug 13;19(1):148. doi: 10.1186/s12890-019-0893-8.

https://www.ncbi.nlm.nih.gov/pubmed/29804339
https://www.ncbi.nlm.nih.gov/pubmed/29773856
https://www.ncbi.nlm.nih.gov/pubmed/29753599
https://www.ncbi.nlm.nih.gov/pubmed/29141186
https://www.ncbi.nlm.nih.gov/pubmed/29097988
https://www.ncbi.nlm.nih.gov/pubmed/31409407


SHAI EFTRAI

Hyperbaric Oxygen Environment Can Enhance Brain Activity and Multitasking Performance.

Vadas D, Kalichman L, Hadanny A, Efrati S.

Front Integr Neurosci. 2017 Sep 27;11:25. doi: 10.3389/fnint.2017.00025. eCollection 2017.

Reversibility of retinal ischemia due to central retinal artery occlusion by hyperbaric oxygen.

Hadanny A, Maliar A, Fishlev G, Bechor Y, Bergan J, Friedman M, Avni I, Efrati S.

Clin Ophthalmol. 2016 Dec 29;11:115-125. doi: 10.2147/OPTH.S121307. eCollection 2017.

Nonhealing Wounds Caused by Brown Spider Bites: Application of Hyperbaric Oxygen Therapy.

Hadanny A, Fishlev G, Bechor Y, Meir O, Efrati S.

Adv Skin Wound Care. 2016 Dec;29(12):560-566.

Treatment of persistent post-concussion syndrome due to mild traumatic brain injury: current status and future directions.

Hadanny A, Efrati S.

Expert Rev Neurother. 2016 Aug;16(8):875-87. doi: 10.1080/14737175.2016.1205487. Epub 2016 Jul 4. Review.

The safety of hyperbaric oxygen treatment--retrospective analysis in 2,334 patients.

hadanny A, Meir O, Bechor Y, Fishlev G, Bergan J, Efrati S.

Undersea Hyperb Med. 2016 Mar-Apr;43(2):113-22.

Seizures during hyperbaric oxygen therapy: retrospective analysis of 62,614 treatment sessions.

Hadanny A, Meir O, Bechor Y, Fishlev G, Bergan J, Efrati S.

Undersea Hyperb Med. 2016 Jan-Feb;43(1):21-8. 

https://www.ncbi.nlm.nih.gov/pubmed/29021747
https://www.ncbi.nlm.nih.gov/pubmed/28096655
https://www.ncbi.nlm.nih.gov/pubmed/27846029
https://www.ncbi.nlm.nih.gov/pubmed/27337294
https://www.ncbi.nlm.nih.gov/pubmed/27265988
https://www.ncbi.nlm.nih.gov/pubmed/27000010


SHAI EFTRAI

Deep Frostbite: the Question of Adjuvant Treatment.

Haik J, Brown S, Liran A, Weissman O, Yaffe B, Rivkind A, Efrati S, Winkler E, Epstein Y.

Isr Med Assoc J. 2016 Jan;18(1):56-7. No abstract available.

The efficacy and safety of hyperbaric oxygen therapy in traumatic brain injury.

Hadanny A, Efrati S.

Expert Rev Neurother. 2016;16(4):359-60. doi: 10.1586/14737175.2016.1157018. Epub 2016 Mar 7. No abstract available.

Hyperbaric oxygen may induce angiogenesis in patients suffering from prolonged post-concussion syndrome due to traumatic 

brain injury.

Tal S, Hadanny A, Berkovitz N, Sasson E, Ben-Jacob E, Efrati S.

Restor Neurol Neurosci. 2015;33(6):943-51. doi: 10.3233/RNN-150585.

Hyperbaric oxygen can induce neuroplasticity and improve cognitive functions of patients suffering from anoxic brain damage.

Hadanny A, Golan H, Fishlev G, Bechor Y, Volkov O, Suzin G, Ben-Jacob E, Efrati S.

Restor Neurol Neurosci. 2015;33(4):471-86. doi: 10.3233/RNN-150517.

Oxygen--a limiting factor for brain recovery.

Hadanny A, Efrati S.

Crit Care. 2015 Sep 1;19:307. doi: 10.1186/s13054-015-1034-2.

Delayed blood-brain barrier disruption after shallow-water diving demonstrated by magnetic resonance imaging.

Hadanny A, Tal S, Fishlev G, Bechor Y, Efrati S.

Diving Hyperb Med. 2015 Jun;45(2):116-20.

https://www.ncbi.nlm.nih.gov/pubmed/26964283
https://www.ncbi.nlm.nih.gov/pubmed/26900796
https://www.ncbi.nlm.nih.gov/pubmed/26484702
https://www.ncbi.nlm.nih.gov/pubmed/26409406
https://www.ncbi.nlm.nih.gov/pubmed/26329929
https://www.ncbi.nlm.nih.gov/pubmed/26165534


SHAI EFTRAI

Hyperbaric oxygen therapy can diminish fibromyalgia syndrome--prospective clinical trial.

Efrati S, Golan H, Bechor Y, Faran Y, Daphna-Tekoah S, Sekler G, Fishlev G, Ablin JN, Bergan J, Volkov O, Friedman M, Ben-

Jacob E, Buskila D.

PLoS One. 2015 May 26;10(5):e0127012. doi: 10.1371/journal.pone.0127012. eCollection 2015.

Delayed recompression for decompression sickness: retrospective analysis.

Hadanny A, Fishlev G, Bechor Y, Bergan J, Friedman M, Maliar A, Efrati S.

PLoS One. 2015 Apr 23;10(4):e0124919. doi: 10.1371/journal.pone.0124919. eCollection 2015.

Improvement of memory impairments in poststroke patients by hyperbaric oxygen therapy.

Boussi-Gross R, Golan H, Volkov O, Bechor Y, Hoofien D, Beeri MS, Ben-Jacob E, Efrati S.

Neuropsychology. 2015 Jul;29(4):610-21. doi: 10.1037/neu0000149. Epub 2014 Nov 10.

How and why hyperbaric oxygen therapy can bring new hope for children suffering from cerebral palsy--an editorial perspective.

Efrati S, Ben-Jacob E.  Undersea Hyperb Med. 2014 Mar-Apr;41(2):71-6. No abstract available.

Effects of hyperbaric oxygen on blood glucose levels in patients with diabetes mellitus, stroke or traumatic brain injury and 

healthy volunteers: a prospective, crossover, controlled trial.

Peleg RK, Fishlev G, Bechor Y, Bergan J, Friedman M, Koren S, Tirosh A, Efrati S.

Diving Hyperb Med. 2013 Dec;43(4):218-21.

Reflections on the neurotherapeutic effects of hyperbaric oxygen.

Efrati S, Ben-Jacob E.

Expert Rev Neurother. 2014 Mar;14(3):233-6. doi: 10.1586/14737175.2014.884928. Epub 2014 Jan 29.

https://www.ncbi.nlm.nih.gov/pubmed/26010952
https://www.ncbi.nlm.nih.gov/pubmed/25906396
https://www.ncbi.nlm.nih.gov/pubmed/25384125
https://www.ncbi.nlm.nih.gov/pubmed/24851543
https://www.ncbi.nlm.nih.gov/pubmed/24510327
https://www.ncbi.nlm.nih.gov/pubmed/24471697


SHAI EFTRAI

Hyperbaric oxygen therapy can improve post concussion syndrome years after mild traumatic brain injury - randomized 

prospective trial.

Boussi-Gross R, Golan H, Fishlev G, Bechor Y, Volkov O, Bergan J, Friedman M, Hoofien D, Shlamkovitch N, Ben-Jacob 

E, Efrati S.

PLoS One. 2013 Nov 15;8(11):e79995. doi: 10.1371/journal.pone.0079995. eCollection 2013.

Hyperbaric oxygen therapy for hemorrhagic radiation cystitis.

Shilo Y, Efrati S, Simon Z, Sella A, Gez E, Fenig E, Wygoda M, Lindner A, Fishlev G, Stav K, Zisman A, Siegel YI, Leibovici D.

Isr Med Assoc J. 2013 Feb;15(2):75-8.

Hyperbaric oxygen induces late neuroplasticity in post stroke patients--randomized, prospective trial.

Efrati S, Fishlev G, Bechor Y, Volkov O, Bergan J, Kliakhandler K, Kamiager I, Gal N, Friedman M, Ben-Jacob E, Golan H.

PLoS One. 2013;8(1):e53716. doi: 10.1371/journal.pone.0053716. Epub 2013 Jan 15.

Hyperbaric oxygen, oxidative stress, NO bioavailability and ulcer oxygenation in diabetic patients.

Efrati S, Gall N, Bergan J, Fishlev G, Bass A, Berman S, Hamad-Abu R, Feigenzon M, Weissgarten J.
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2013, NEUROVASCULAR PENUMBRA



NEUROPROTECTION MECHANISMS OF HBOT



MECHANISMS OF HBOT IN BRAIN INJURY



1966 - TRAUMATIC BRAIN INJURY



PTSD, CONCUSSION, TBI



HOUSE OF REPRESENTATIVES - SEPTEMBER 2019

A study of veterans of the US armed forces with mild traumatic brain injury (TBI) or persistent post-concussion syndrome 

(PPCS), with or without post-traumatic stress disorder (PTSD), has found significant improvements in persistent post-

concussion syndrome and PTSD symptoms, neurological exam, memory, intelligence quotient, attention, cognition, 

depression, anxiety, quality of life, and brain blood flow following hyperbaric oxygen therapy (HBOT). 

* Compared to controls, the patients’ brain SPECT scans were significantly abnormal before treatment and became statistically

indistinguishable from controls in 75% of abnormal areas after treatment.



HYPERBARIC GENE SIGNALING



HYPERBARIC OXYGEN ‘EPIGENETIC CELLULAR THERAPY’ 

HBOT effects Traumatic Brain Injury: Oxygen, Pressure & Gene Therapy (Harch 2015)

During hyperbaric therapy - physicians are playing a symphony with patients’ gene expression, the music of which is 

determined by the various pressures and different amounts of hyperoxia to which the patient is exposed.

* Tissue growth requires replication of DNA. The oxygen component of HBOT is a DNA signaling agent. 

* A single HBOT, at the pressure used for diabetic foot wounds and radiation wounds up or downregulated the expression of 

8,101 (nearly 50%) of the known 19-20,000 protein-coding genes in the human genome.  

* Further work showed clusters of neuronal genes are affected by ‘different pressures’ and ‘different amounts of hyperoxia’. 

* Upregulated genes are primarily growth and repair hormones and anti-inflammatory genes.

* Downregulated genes are the pro-inflammatory and apoptotic genes.   

* HBO expands the therapeutic window reducing continuing neurovascular deterioration. HBO upregulates the patient's own 

target specific Stem Cells with an 8-fold or 800 percent increase in circulating CD34+.  

* HBO enhances Mitochondrial respiration.  

* HBO proliferates Granulocyte Macrophage Colony Stimulating Factor (GM-CSF), Interleukin-3 (IL3), Interleukin-4 (IL4), 

Interleukin-10 (IL10), Interleukin-13 (IL13), Interleukin-21 (IL21), Brain Derived Neural Growth Factors (BDNF, GDNF), 

Vascular Growth Factors (VEGF), TGFβ1 Signalling, IGF1.  

* HBO reduces Telomere degeneration.

* HBO down regulates toxic intra and extra cellular inflammatory Cytokines (IL1, 2, 6, 7, 8, 17), Tumour Necrosis Factor Alpha 

(TNFα), GlycA, S100B.  

* HBO inhibits opportunistic infections (MRSA, viral, bacterial, parasitic), cell sepsis and more.  



PARADIGM SHIFT

Tony Robbins ‘Unleash the POWER within’

Ephesians 3 vs 20





CURRENT MODEL – ‘DAYS OF OUR LIVES’ REHABILITATION



BOTOX – NUMBER 1 FOR ASSISTING SPASTICITY



2019, FDA APPROVAL BROADENS THE USE OF BOTOX AND FUNDING



CONSUMER PRODUCT INFORMATION



MECHANISM OF ACTION – CLEAVING TO SNAP-25, SYNAPTIC REGRESSION



BOTOX PROPERTIES



USA ALLEGRAN - WARNING



‘POST MARKETING’ - SAFETY WARNING



‘CLINICALLY SIGNIFICANT SYSTEMIC EFFECTS’



2019, COCHRANE – CEREBRAL PALSY



2019, COCHARNE – MIGRAINE



2018, ADVERSE EVENTS - 22% OF INJECTIONS IN CEREBRAL PALSY CHILDREN



BoNT/A vs BoNT/A COMPLEX NAP

* BOTOX (ALLEGRAN) contains NAPs



BOTOX (ALLERGAN) CONTAINS NAPS (NEUROTOXIN ASSOCIATED PROTEINS)

Over five million patients are being treated with botulinum neurotoxins globally (Singh et al., 2010), and because of the safety

concerns of this being the most toxic sub-stance known to mankind, the United States Food and Drug Administration (US FDA) 

has designated all botulinum neurotoxin based drugs for black box label (Kuehn, 2009).  

* There have been reports of side effects such as cognition issues and flu-like symptoms from BoNT-based therapeutics (Alam

et al., 2002; Costa et al., 2005; Cote et al., 2005),with little knowledge of their causes. 

* Botox (Allergan) contains NAPs (neurotoxin-associated proteins)

Flu-like symptoms after BoNT/A application may also be the result of inflammation resulting from the cytokine inflammatory 

mediators (cytokine release syndrome) released in response to some components in the BoNT/A NAP complexing protein.

Examination of inflammatory cytokine released from SH-SY5Y cells revealed that BoNT/A did not increase the release of 

inflammatory cytokines, where as exposure to NAPs significantly increased release of IL-6, and MCP-1, and exposure to 

BoNT/A complex significantly increased release of IL-6, MCP-1, IL-8, TNF-a, and RANTES vs. control. 

* BoNT/A NAP complex induce significantly differential host response in human neuronal cells and may play important role in 

local and systemic symptoms in patients



US $7.5B BY 2026 - BOTOX (ALLERGAN)



CONTEMPORAY REHABILITATION – ALLERGAN (MAJOR SPONSORS)



2008, DO WHEEL CHAIRS INHIBIT RECOVERY

MALADAPTIVE PLASTICITY

National Neurotrauma Society Symposium in Orlando, Florida

* NewScientist Aug 2008 - INJURED rats strapped to tiny "wheelchairs" that restrict their movements recovered less limb
function and coordination than those left to fend for themselves. This might mean that people with a spinal cord injury would
recover better if they were encouraged to use their limbs sooner after injury and relied less on wheelchairs.



HOOPER 2005

“Hyperbaric Oxygen Therapy creates a ‘fertile 
neurovascular platform’ for emerging stem cell, 
immunotherapies and nanotechnology 
techniques. 

* The impact and success of these and future 
procedures are dependent on the integrity of the 
underlying supporting neurovascular bed.”
(Hooper 2005).

* HBO acts as a 'catalyst' promoting immune 
modulation 

* HBO results in increased blood flow by 
fostering the formation of existing and new 
capillary dynamics (neovascularization) 
activating damaged and dormant nerve cells 
(penumbra state)

* HBO accelerates neuroplasticity



NANOPARTICLE BIOSCAFFOLDING 



FUNCTIONAL REHABILITATION

BODY WEIGHT SUPPORT TREADMILL TRAINING 

* Two or more physical therapists manually move the patient’s legs in a walking 
pattern. However, the labour-intensive, strenuous nature and variability of the 
manual method can limit the frequency, quality and duration of the therapy.

ROBOTIC EXOSKELETON ASSISTIVE TECHNOLOGIES

* The patient is suspended in a harness over a treadmill and the exoskeleton 
frame of the robot, attached to the outside of the legs, moves the legs in a natural 
walking pattern. 

* Neuroplasticity mechanisms work on the basis that by controlling the repetitive 
walking pattern we can help the brain and spinal cord work together to re-route 
signals that were interrupted by injury or illness. 

* Robotics assisted walking helps to strengthen muscles and improve circulation.

* The robotic device does the heavy work - pattern and pace are consistent and 
the exercise can be sustained over longer training time. 

* Typically patients undertake 3-5 sessions per week for 30-60 minutes durations 
over 8-12 weeks initially.



ROBOTICS PROMOTES ACTIVITY BASED REORGANISATION



EXOSKELETON NEURAL PRIMING



CLONUS VS PERONEAL NERVE SWING PHASE STIMULATION 



N OF 1 - FUNCTIONAL ACTIVITY BASED NEUROPLASTICITY



EMERGING NEURORECOVERY GYMNASIUMS



SPASTICITY VS WHOLE BODY VIBRATION



WBV CEREBRAL PALSY VS JOINT POSITION, BALANCE, JOINT SENSE



WBV VS BONE DENSITY, MUSCLE MASS



WBV STROKE VS SITTING, BALANCE, TRUNK CONTROL



CONTRACTURES, SPASTICITY – MUSCLE SATELLITE STEM CELLS

Children with cerebral palsy suffer impaired muscular growth and contractures.

Satellite cells are muscle stem cells critical for post-natal growth, regeneration and repair of skeletal muscles.

Conclusion:

Loss of satellite stem cells results in increase in collagen deposition causing muscle stiffness - a result of non-use.

* Children with spastic CP have a reduced number of satellite stem cells. 

Reduced satellite stem cells results in impaired muscle growth and a decreased responsiveness of CP muscle to exercise.



HBOT INCREASES MUSCLE SATELLITE CELL DIFFERENTIATION

Abstract:

The use of hyperbaric oxygen (HBO) treatments by elite athletes to accelerate recovery from muscle injuries has become 
increasingly popular. 

Study: Rats were placed in an animal chamber with 100% oxygen under 2.5 atmospheres absolute for 2 h/day, 5 days/wk. for 2 
wk. 

Results:

* The cross-sectional areas and maximum force-producing capacity of the regenerating muscle fibers were increased by 
HBO treatment after injury. 

* The mRNA expression of MyoD, myogenin, and IGF-1 increased significantly in the HBO group at 3 and 5 days after injury. The 
number of Pax7(+)/MyoD(+), Pax7(-)/MyoD(+), and Pax7(+)/BrdU(+) positive nuclei was increased by HBO treatment. 

Conclusion:

* HBO treatment accelerated satellite cell proliferation and myofiber maturation in rat muscle. 

* HBO treatment accelerates healing and functional recovery after muscle injury.



SPECT HYPOPERFUSION CEREBRAL PALSY

11 CP patients were enrolled in this study, of which 4 patients underwent oxygen therapy.

Before oxygen therapy and at the end of 40 sessions of oxygen treatment, SPECT was performed, and the 
results were compared.

STUDY:

11 CP patients; 7 females and 4 males age range of 5-27 years. 

SPECT studies - all the patients showed perfusion impairments. 

* The region most significantly involved was frontal lobe (54.54%), followed by temporal lobe (27.27%), 
occipital lobe (18.18%), visual cortex (18.18%), basal ganglia (9.09%), parietal lobe (9.09%), and the 
cerebellum (9.09%). 

* Frontal-lobe hypoperfusion was seen in all types of cerebral palsy. 

CONCLUSION:

Study demonstrated decreased cerebral perfusion in CP patients. 

Two out of 4 patients (2 males and 2 females) who underwent oxygen therapy revealed brain perfusion 
improvement. HBOT improved cerebral perfusion. 

Larger study is required to strengthen a link this approach may have some value.



PERIVENTRICULAR LEUKOMALACIA (PVL)



HYPOXIC ISCHEMIC ENCEPHALOPATHY (HIE)



MALADAPTIVE PLASTICITY – HYPOXIC ACQUIRED NON USE 



LOKOMAT – AUSTRALIAN EXPERIENCE



ACQUIRED GAIT DYSFUNCTION



ROBOTIC SETUP - PURPOSEFUL INTENTION



MATCHING THE PATIENT – MAN AND MACHINE



LOKOMAT SEGMENTAL SETTINGS



UNIQUE PATIENT CHALLENGE PROGRAMS



CUSTOMISED TRACKING



PRACTISE MAKES PERFECT



CONNECTIVITY – EFFORT PLUS INSPIRATION



NEUROPLASTICITY RECRUITMENT WITH PURPOSE



ACTIVITY BASED REHABILITATION

THREE KEY PRINCIPLES OF MOTOR LEARNING

* Practice - more functional learning will occur with more accurate practice. 

* Specificity - the best way to improve performance of a motor task is to execute that specific motor task 
repeated many times.

* Effort - individuals need to maintain a high degree of focus, participation and involvement to facilitate motor 
learning – not watching “days of our lives” and taking another ‘generic’ tablet.

These principles are critical to promoting activity-dependent plasticity – altering the excitation patterns of neural 
pathways by activating those pathways. Plasticity occurs in neural pathways that are both active and inactive



2009, ACTIVITY STIMULATES PLASTICITY & NEUROGENESIS

The field of neurorehabilitation is changing. After years of evidence the old, deep rooted rehabilitative 
principles of compensation and adaptation are slowly starting to change. 

* The adult injured central nervous system is capable of reorganization allowing for significant improvement 
following injury. 

* Reorganization and plasticity occurs: cortical, subcortical, spinal cord, and in the peripheral nervous system. 

The repair process is referred to as synaptic plasticity and occurs in pre-existing connections peripheral and 
central) resulting in sprouting and formation of new connections.

* “Neuroplasticity” refers to the remyelination and new cell birth correcting, restoring, and replacing the 
damaged nerve cells. 

* Neurogenesis reported in adult brain: hippocampus and olfactory system.

* Physical activity stimulates neurogenesis - proliferation of neuronal stem cells. 

* Activity reverses decline in neurogenesis associated with aging. 

* Exercise activates neighbouring axons and proliferates precursor cells.



2016, NEURAL PLASTICITY LIFE LONG PROCESS

NEURONAL PLASTICITY OCCURS THROUGHOUT LIFE

* The hippocampus dentate gyrus is a ‘highly plastic region’ able to generate new neurons, and can double or triple in 
size after physical exercise.

* Physical exercise induces hippocampal plasticity – neurogenesis, cell proliferation and dendritic branching.

* Brain Derived Neurotrophic Factor (BDNF) is one of the major modulators of the CNS and brain plasticity. In 1995, 
Neeper et al. demonstrated that physical exercise enhanced BDNF gene expression in the hippocampus.

NEUROTROPHIC FACTORS UP-REGULATED BY PHYSICAL EXERCISE

* Nerve Growth Factor (NGF), Vascular Endothelial Growth Factor (VEGF), Fibroblast Growth Factor 2 (FGF-2), 
BDNF and Insulin Growth Factors (IGFs).

* Insulin Growth Factor (IgF1) - promotes growth, differentiation and cellular survival. 

* IgF1 is upregulated in the hippocampus. IgF1 has neurotrophic effects in the CNS and involved in differentiation, 
proliferation, synaptic plasticity and neurogenesis. IgF1 is increased in neurogenesis & cognitive function.

* Physical exercise and task specific activity requiring hippocampus-dependent memory expressed higher 
circulating levels of IgF1 and BDNF in the hippocampus, cerebellum and spinal cord. 



2016, ANGIOGENESIS, LEARNING, MEMORY

* Physical exercise, similarly to injury, is a compelling stimulant of new vessels (angiogenesis) and endothelial cell 

proliferation - VEGF.

* Neurogenesis and plasticity appear to be mediated by IGF-1, BDNF and VEGF. 

* Resistance training and aerobic exercise upregulates IGF-1, BDNF and VEGF in the hippocampus and peripheral 

circulation. 

* Using arterial spin labeling MRI in humans, an increase in the was verified in elderly individuals exposed to 4 months 

of aerobic exercise increased cortical hippocampal flow.

* Cerebral blood volume (CBV) in the DG was also increased in young subjects after 3 months of aerobic training. 

* Cognitive improvements were also associated with aerobic training and increased cerebral blood volume. 

* Physical conditioning increased the number of small blood vessels in elderly individuals indicating angiogenesis. 

* In contrast sedentary individuals displayed increased numbers of vessel tortuosity in both brain hemispheres.



2015, ROBOTIC-R (RESISTANCE) VS OVER GROUND WALKING

Journal Rehabilitation Research & Development 2015: 
Almost half of all people with incomplete spinal cord injury (SCI) have some voluntary motor function below the level of injury. People 
with motor-incomplete SCI can recover basic walking with intensive, task-specific gait training. 

* ‘Scientific evidence suggests’ that ‘BWSTT is not better than overground gait training’ in SCI or other neurologic disorders. 

There was debate as to whether the overground training used in this clinical trial was reflective of a realistic ‘conventiona l therapy’ ie 
BWSTT vs living with disability.

* The results were consistent – intensive practice and task-oriented gait retraining (whether it is provided by BWSTT or overground 
practice) can result in improved walking outcomes. 

* A major shift and focus is now on the potential efficacy of Robotic-applied resistance (Robotic-R) training on functional 
ambulation, overground walking with chronic m-iSCI and other neurologic disorders.



2015, ROBOTIC-R (RESISTANCE), VARIABILITY & NOISE

* Task-specific locomotor training adopting alterations in the movement can mediate ‘feedback-
error learning’. 

* Feedback-error learning during walking can be used to elicit locomotor adaptations.

* Short-term adaptation to robot-applied resistance against hip flexion demonstrates a longer 
stride length that persists overground immediately after walking against resistance.

* Diminished hip, knee and ankle flexion observed during swing phase, compromising foot 
clearance height – toe stabbing.

* Improvements in overground walking speed and distance but also in skilled walking tasks, 
obstacle crossing and stair climbing, as well as the kinematic quality of the gait pattern.

* Variability during practice is seen as a key feature for facilitating learning - repeated (and varied) 
opportunities to experience errors and solve motor problems.

* Variability and ‘Noise’ during training helps to reinforce convergent synaptic connections 
from central and sensory inputs to the locomotor circuitry. (Learning not to fall).

* Robotic applied ‘resistance’ would also have required greater engagement during training to avoid 
toe drag and stumbling. 

* Greater cognitive engagement during training elicited greater involvement of cortical regions 
associated with gait adjustments of motor output during swing. 

* Indeed, it has been shown that corticospinal excitability is tuned according to the level of 
cognitive engagement during gait training and resistance.



2016, ROBOTIC ACCURACY AND REPETITION

GAIT REHABILITATION ROBOTS, WHICH ARE PRECISE

* Swing-phase deviations are related to quadriceps spasticity, hip flexion weakness, ankle dorsiflexion weakness or 
spasticity, hamstring contracture, spasticity and quadriceps weakness, which will lead to inadequate knee joint flexion 
and extension as well as excessive knee joint flexion and extension. 

* Clinical evidence shows that “task-oriented” repetitive intensive movement swing-phase training improved 
walking speeds, endurance and performance on functional tasks for individuals with neurologic gait disability.

* Gait rehabilitation robots, which are precise, rehabilitation effectiveness with high accuracy, could yield better 
training outcomes than traditional physiotherapists. 

* Optimal control strategy should comprise task-specificity, repeatability, intensity and optimal physical and 
mental engagement.  

* Robotic swing-assistance task-specific, intensive and non-fatigue training, can improve the locomotion 
ability of the incomplete SCI patient and other neurologic gait dysfunction.



OXYGEN & CARDIORESPIRATORY LOAD LOWER WITH ROBOTICS



ROBOTIC NEUROLOGIC ASSISTANCE 



OPTIMAL REHABILITATION 

Optimal rehabilitation should involve :

* Robotic assisted devices combined with overground walking

* Active (patient) participation and engagement

* Training involving many repetitions, but continues to challenge the 
skill

* Resistance training

* Feedback error learning – changing and challenging environment

* Motivation and reward

* Intensive training and practice over a long time

* Combination training - overground training activities

“Learn to walk by learning not to fall”



ROBOTIC VIRTUAL REALITY 



NEW ERA - ROBOTIC EXOSUITS



WEARABLE EXOSUITS



PASSIVE ASSISTIVE EXOSKELETONS - AMBULATORY



PASSIVE ASSISTIVE EXOSKELETONS - REWALK TEL-AVIV (2006)



VARIABLE ASSIST EXOSKELETONS

* Today and emerging - new powered gait orthosis featuring programmable “variable assist” movements in 
the hip and knee joints enabling independent training and neurorehabilitation in a clinical environment and at 
home. 



OVER GROUND WALKING EXOSKELTONS VS LOKOMAT 





ADAPTIVE LIVING EXOSKELETONS 



INDUSTRIAL EXOSUITS



WEARABLE EXOSUITS



INDUSTRIAL EXOSKELETONS



DISABILITY EXOSUITS



MILITARY EXOSKELETONS



SPORT SUITS



LIFESYTLE & LEISURE



TESLA EXOSUITS



TESLA INTERFACE 



TESTLA REHABILITATION 



TESLASUIT



EXO-PANDA, SHENYANG CHINA



GLIOBLASTOMA MULTIFORME – AGE 7



CYTOKINE TESTING PRE HBOT



4-WEEKS HBOT (84 HOURS)



CYTOKINES 106 HOURS HBOT 



CYTOKINES COMPARISON



PIONEERS



THANK YOU

"The purpose of my life is to be 'complete', to live in God's Grace and Blessing, to lift the 

'Spirit of Humanity' for myself and others.

I am passionate with the vision that people of all nations will gain the opportunity to 

access the abundant benefits of Oxygenation. The cornerstone of HealthCare in the 

modern era".

Malcolm R. Hooper


