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In this issue: 

Low back pain in microgravity is one of the most 
common problems experienced by astronauts (Styf, 
Hutchinson et al 2001, Thornton, Hoffler et al 1977). 
The mission-oriented mental focus of astronauts and 
their ability to perform challenging tasks could po-
tentially be affected by disruption of restful sleep 
and reduced mental concentration if back pain is 
perceived.  It is not uncommon that low back pain 
is an occurrence in the astronaut corps but to date, 
there is a paucity of research addressing back pain 
before, during and after spaceflight. There is also a 
strong indication that NASA’s astronaut population 
has experienced a higher rate of Herniated Nucleus 
Pulposus (HNP) per 1000 person years when com-
pared to the general population and to an Army avia-
tion population (Johnston 1998).  Of all the pos-
sible spinal structures that could potentially be the 
source of low back pain and debilitation, it appears 
that the lumbar intervertebral disk is most likely 
involved in its pathophysiology (Sayson & Hargens 
2008).  Therefore, the mechanism of low back pain 
during exposure to microgravity in relation to the 
disk will be discussed as well as its possible coun-
termeasures. 

Data analysis of a retrospective study using medi-
cal records of 58 astronauts from the Flight Medi-
cal Clinic at NASA Johnson Space Center indicated 
that sixty-eight percent of astronauts report low back 
pain during short duration spaceflight (Wing & 

Tsang et al 1991).  Symptom duration varied from 
14% to 100% of the flight, and 28% described the 
back pain quality as moderate to severe in intensity. 
Also, the reported characteristics of their pain are 
as follows: a) maximal from Day 1 to Day 6 of 
microgravity exposure, b) localized to the lumbar 
spine, and c) pain persistence not a function of age 
or flight experience. 

The cells of the musculoskeletal system normally 
respond by adapting to load-bearing and muscular 
contraction to orient the body in an upright position 
against 1G.  Biomechanical energy, in the form of 
the compressive effect of Earth’s gravity as well as 
the muscular contraction to the dynamic human 
spine, is an important biological stimulus aside from 
nutritional, hormonal, and genetic factors.  The spine 
exposed to continued microgravity will result in 
vertebral column lengthening 2-3 times the diurnal 
values of 1.5-3 cm (Kimura, Steinbach et al 2001, 
Krag, Cohen et al 1990) on Earth to 4-6.0 cm 
(Brown 1977, Styf, Kalebo et al 1994). This length 
change has been attributed to an increase of disc 
height due to an increase in fluid volume, as well as 
to a reduction of the thoracic and lumbar curva-
tures (Kershner & Binhammer 2004, Lee, Hargens 
et al 2003, Styf, Kalebo et al 1994).  In the 
microgravity of space, there is an obvious reduc-
tion in the necessary biomechanical energy concur-
rent with the significant reduction of load-bearing 
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and the typical muscular responses supporting the 
spine. The end-result is most likely hypotrophy to the 
cells comprising the musculoskeletal system including 
the disk as well as alteration in its fluid hydrodynam-
ics (Sayson & Hargens 2008).  There is likely a spinal 
adaptation to prolonged microgravity but which be-
comes maladapted upon return to a 1 G environment. 

Inter-vertebral Disk components and hydrodynamics: 

A concise review of the lumbar inter-vertebral disk 
cellular components is needed to understanding its 
potential as a pain generator.  Fluid, proteoglycan (PG), 
and glycosaminoglycan (GAG) are the biochemical 
contents of the lumbar disc while cartilage cells, 
fibroblasts, and collagen fibers comprise the 
histological contents. These components are in varied 
proportions between the inner nucleus pulposus and 
the outer annulus fibrosus, including the vertebral 
endplates above and below the disk.  PG has a high 
electronegative charge and as a result, has a high 
swelling pressure which resists compressive loading 
to the spine.  The hydrodynamics of normal disk fluid 
and nutrient inflow and outflow occurs by two 
processes: convection and diffusion (Hargens & Akeson 
1986). Convection, especially for macromolecules, is 
a more rapid transport and involves bulk flow through 
a porous medium such as the interstitium and 
intervertebral endplates due to hydrostatic pressure 
gradients and sufficiently large channels.  Diffusion, 
which is dependent on temperature, is the tendency of 
a solute to reach uniform distribution in the presence 
of a concentration gradient.   When the spine is unloaded 
in 1G supine sleeping, transport of fluids into the discs 
occurs via repulsive forces within a matrix of high 
anionic charge density which exerts large negative fluid 
pressures resulting in disc imbibition (Hargens 1986). 
Thus, fluid imbibition occurs when negatively charged 
proteoglycan macromelocules in the nucleus pulposus 
repel each other causing fluid inflow. 

Weight-bearing and activity deform the intervertebral 
disks and facilitate fluid and nutrient transport that 

 are essential for tissue viability (Hargens & Akeson 
1986). Loading of the spine in 1G results in a 25% of 
the disk’s fluid expressed in an outward flow (con-
vection) and re-imbibed (diffusion) when unloaded 
in each diurnal cycle on Earth (Sivan, Neidlinger- 
Wilke et al 2006). Therefore, an intermittent mechani-
cal force to increase and decrease intradiscal pres-
sure cyclically facilitates transport of nutrients, wa-
ter, and waste products into and out of the nucleus 
pulposus.  The magnitude of disk fluid volume 
changes in microgravity is presently unknown since 
the usual loading to the disk is reduced with subse-
quent reduction of fluid outflow and a relatively in-
creased fluid inflow resulting in disk expansion 
(Sayson & Hargens 2008). 

Possible Pain Mechanisms: 

On Earth, the etiology of back pain may be broadly 
classified as visceral, non-mechanical, and mechanical 
(attributed to lumbar discs) (Lawrence, Tugwell et al 
1992) but the exact cause of low back pain in 
microgravity is currently unknown.  The likely 
etiology of low back pain in space is therefore, a 
mechanical classification. 

Unloading in microgravity causes the spine to lengthen 
beyond that of measurements in 1G due to the nucleus 
pulposus increasing its volume by greater fluid in-
flow than outflow.  There is a reduction in counter 
forces to return positive pressure (hydrostatic pres-
sure) for fluid transport through the endplates and to 
the vertebral bodies.  As the annulus fibrosus expands, 
it is possible that a) collagen deformation surpasses 
the normal physiological collagen deformity of 3-4%, 
and b) Type IV mechanoreceptors or free nerve end-
ings are stimulated, and the sinuvertebral nerves (re-
current nerve or nerve of von Luschka) continually 
transmit impulses, thus resulting in perception of low 
back pain (Sayson & Hargens 2008) (Fig. 1). 
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� Do any of your patients complain of stiffness in the morning? 

� Do you have patients with degenerative joint disease? 

� Would your patients like to prevent joint degeneration? 

� Do you have patients who complain of muscle cramps? 

� Do you have patients with decreased bone density? 

� Do you treat patients who are recovering from a fracture? 

� Would your patients like to prevent osteoporosis? 

� Would you like to support collagen formation in your patients? 

If you answered yes to any of these questions, introduce your patients to the 
BMJ formula.  Both you and your patients will be glad you did. 

The BMJ is a unique formula based on scientific studies providing important 
support for the tissue you treat: 

Improve your treatment outcome 

bone, cartilage, disk, ligaments and 
tendons, as well as, neuromuscular 
function. 

The BMJ contains calcium, magnesium, 
zinc, copper and manganese, vitamin D, 
vitamin B6 and glucoseamine sulfate. 

The minerals are supplied as patented 
amino acid chelates for greater 
absorption. 

We will provide you brochures with a list 
of scientific references.  BMJ, the ultimate 
tissue support for orthopedic patients. 
Small effort, big benefits, supporting your 
treatments. 

You can order for your patients [or for yourself] or have your patients order 
directly by calling 800-883-1252. 

Visit our web site at www.TissueRecovery.com. 
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Figure 1:  Innervation to the lumbar intervertebral disc.  The recurrent nerve (sinuvertebral or nerve of von Luschka) innervates  the ipsilateral 

and contralateral periphery of the lumbar intervertebral discs.  It also innervates up to a third into the substance of the annulus fibrosus and the 

anterior but not the posterior dura mater. (illustration reproduced with permission from the Ola Grimsby Institute). 

The sinuvertebral nerves are unmyelinated with a slower 
conduction of nerve impulses (0.5-2 m/s) than that for 
myelinated nerves A delta (5-15 m/s), and B fiber (3-14 
m/s) (Wyke 1979).  Stimulation of the sinuvertebral 
nerves by deformation will therefore result in a pro-
gressively slow, dull, achy, gnawing, scalding or burn-
ing sensation and which could also be termed as neuro-
pathic pain (Bowsher 1991).  During spaceflight, as-
tronauts complain of pain localized to the lower back 
and the nature of the pain is described as “dull” pain 
(characteristics of sinuvertebral nerves) without any 
intense or incapacitating nature (Wing, Tsang et al 
1991). 

On Earth, loading of the spine produces biomechanical 
factors which act in synergy with physicochemical fac-
tors to regulate intervertebral disc cellular activity and 
tissue morphology (Hargens & Akeson 1986).  In 
Microgravity, these factors are altered without the com-
pressive loads provided by activity in 1g where muscle 
contraction and cyclic changes alter disc hydrostatic 
pressures.  Alteration of mechanical loading with dis-
ruption of fluid equilibrium may then result in disk hy-
potrophy or degeneration.  Subsequently, the structural 
morphology of the disk may weaken, potentially increas-
ing the incidence of HNPs reported in astronauts upon 
return to 1G loading conditions post-flight. 

Pain relief and proposed countermeasures: 

Astronauts claim that a “fetal tuck position” described 
as curling the spine or the knees to chest position 
relieves low back pain (Thornton, Hoffler et al 1977, 
Wing, Tsang et al 1991) (Fig. 2).  Also, other 
techniques reported by astronauts to ease low back 
pain include stretching, taking acetaminophen, 
treadmill exercise, and deliberate compression of the 
spine (Wing, Tsang et al 1991).  The underlying 
rationale for pain relief appears to be two-fold, a 
biomechanical and a neurophysiological mechanism. 

In biomechanics, spinal flexion moves the instanta-
neous axis of rotation from the center toward the an-
terior lumbar discs producing a compressive load via 
muscle contraction of the spine flexors (in the absence 
of gravitational load).  At the same time, there will be 
stretching and tensioning of the posterior ligamentous 
soft tissue and nervous structures which may result in 
additional spinal compressive load (White & Panjabi 
1990). 
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Figure 2:  Astronaut assuming a fetal-tuck position in Skylab 
(undated photo NASA archives) 

The biomechanical mechanism of low back pain relief 
using the fetal tuck position may be due to lumbar disk 
compression which in turn, re-establishes hydrostatic pres-
sure, facilitates disk fluid outflow through convection, 
decreases disk fluid volume, and finally, reduces annular 
deformation and stimulation of the sinuvertebral nerves. 
On the other hand, the neurophysiological mechanism of 
low back pain relief aside from reduced stimulation of the 
sinuvertebral nerves, may be due to the mechanical stretch-
ing of the posterior soft tissues to include the apohyseal 
joint capsules and ligaments, which stimulates Type I and 
Type II mechanoreceptors (Sayson & Hargens 2008).  The 
spinal reflex response to this episode is an inhibitory ef-
fect whereby the pre-synaptic neurotransmitters substance 
P and neurokinin A are neutralized by naturally occurring 
enkephalins in the dorsal horn of the spinal cord.  En-
kephalins together with endorphins are a class of natu-
rally-occurring opioids (also known as endocoids) that 
have analgesic actions (Korr 1986). 

The longer the exposure to microgravity without the nor-
mal 1g stresses, the more likely that the annuli hypotro-
phy or degenerate as the nucleus pulposus swells, the disk 
expands, and adapts to abnormally low-load conditions. 
Disc stiffness may be lost (termed segmental instability) 
which may cause pain, disk deformity, or risk neurologi-
cal structures when normal external loads in 1g are re- 
applied.  To address low back pain in space, acetami-
nophen, aspirin, and ibuprofen are taken orally by astro-
nauts (Putcha & Berens 1999, Wing & Tsang et al 1991). 

To date, the U.S. space program has no other non- 
pharmacologic countermeasures in use during 
microgravity exposure specific to low back pain uti-
lizing biomechanical principles.  Countermeasures 
will have to rely on reproduction or simulation of 
Earth-like biomechanical loading to the spine in 
microgravity to prevent or delay potential disc hy-
potrophy that may cause HNPs post-flight. 

Spinal loading during microgravity with exercise 
combined with axial spine compression may reduce 
disc expansion and subsequent pain by re-establish-
ing the normal hydrodynamics of the disk.   Spine 
loading using elastic bungee cords that tether astro-
nauts onto a treadmill produce insufficient mechani-
cal loads equivalent only to 60-70% that of terres-
trial values as well as with a disadvantage of pro-
ducing extreme discomfort where it compresses the 
shoulders and pelvic region (Whalen 1993).   A 
promising alternative to the bungee cord may be with 
the use of a treadmill exercise within a lower body 
negative pressure (LBNP) device (Cao, Kimura et 
al 2005).  A treadmill enclosed in a LBNP chamber 
avoids localized high pressures of bungee cord har-
ness systems that cause discomfort by distributing 
the differential air pressure uniformly over the sur-
face of the body sealed at the waist by a kayak-type 
skirt.  However, the LBNP treadmill is still in need 
of a redesign for spaceflight and crew habitability. 
A form of compression garment called the penguin 
suit has been used by the Russian space program 
but no peer-reviewed study is available to document 
spine biomechanics or back pain relief with its use. 
The closest possible maneuver used to date may be 
spine rotation with compression using a hammer 
throw exercise used against elastic cords in con-
junction with a penguin (61, 67).  This may have 
decreased back pain in cosmonauts due to physi-
ological loading of the spine. 
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Fig 3.  The Lower Body Negative Pressure (LBNP) Treadmill Exercise.  (Cao P, Kimura S, Macias B., Ueno T, et 

al. Exercise within lower body negative pressure partially counteracts lumbar spine deconditioning associated with 

28-day bed rest. J Appl Physiol 2005; 99: 39-34) 

Recommendations for future research would have to depend on a logical perspective with regard to the 
application and approximation of defined loading conditions to the spine to include cyclic variances in 
lumbar disk hydrostatic pressure.  Further research should include: a) muscle specific conditioning 
exercises and equipment for the spine pre-flight, in-flight, and post-flight to provide normal physi-
ological disk loading and compression, b) spine compression by a penguin suit or another device for 
comfortable but high spinal loads and c) repetitive spine rotation which accurately reproduces activi-
ties on Earth. 
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New Facts 
The Science of Nutrition in Tissue Recovery 

By: 
Didrik Sopler, Ph.D., L.Ac. 

NOW ON CD 

YOU LEARN 

TO 

• DECREASE SYSTEMIC INFLAMMATION 

• REDUCE OR ELIMINATE PAIN 

• FACILITATE TISSUE REPAIR AND HEALING 

• MAXIMIZE EXERCISE RESULTS 

EVIDENCE BASED 

IMPACT OF METABOLIC INTERVENTION 

IN PHYSICAL THERAPY 

You will also receive the book “Effective Nutrition for Effective Healing” 
Written for your patients. 

TOTAL PRICE FOR CD AND BOOK $ 64.95 

SUGGESTED RETAIL PRICE OF BOOK IS $14.95 
YOUR PRICE 30% DISCOUNT IS $10.47 

BioPro Inc. 
4420 Hotel Circle Court. Suite 210 

San Diego, CA 92108 
800.883.1252 

www.TissueRecovery.com 
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Research has shown alpha lipoic acid to be effective in reducing symptoms 

and improving neuropathy verified by electromyography in patients with 

sciatic pain caused by disc herniation. In cases of diabetic neuropathy lipoic 

acid has been documented to improve symptoms such as burning, numbness 

and pain. It has also shown to improve objective measurements of 

neurological deficit and disability within 3-5 weeks. 

For  references and the specific dosage shown to be clinically effective, 
log on to www.TissueRecovery.com  and click on “Lipoic EF”.  To receive 

patient handouts or to place an order, give us a call at 1-800-883-1252  or 

email us at clientservice@tissuerecovery.com. 

Improve your treatment outcome 
for low back pain and neuropathy 
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These protocols come with suggestions for easy 
implementation to improve patient compliance. 

Nutritional Protocols 

to decrease inflammation and to support the tissue you treat. 

Try a New  tool 
 to  improve  patient outcome 

Call 1-800-883-1252 or e-mail us at 
clientservice@tissuerecovery.com and we will e-mail you the 

protocols in a ready to print format, or send them by mail. 

Request A 
Free Patient Handout 

Today 
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