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Increased bone formation may protect against cartilage loss
 By

Didrik J. Sopler Ph.D., L.Ac.

Researchers in Australia have investigated the possibility of bone markers being useful to predict
cartilage loss.¹

The subjects were 40 healthy men (mean age 52.3 years) with no symptoms of osteoarthritis.  The
evaluation consisted of a MRI of the dominant knee at baseline and two years later.  Serum level of
osteocalcin, urinary levels of pyridinoline and deoxypyridinoline which are all markers of bone
metabolism was measured as well as total body bone mineral content.  These measurements were all
done at baseline.  Tibial plateau bone size was also measured at baseline and tibial cartilage volume
was measured both at baseline and at follow up.  Twenty eight men (70%) completed the study.

The investigators found that higher baseline serum osteocalcin was associated with a decreased rate
of cartilage loss.  This suggests that increased bone formation may protect against tibial cartilage loss
over two years.

To support bone formation and the synthesis of cartilage important minerals are calcium, magnesium,
zinc, copper and manganese.  Important vitamins are vitamin C, vitamin B6 and vitamin D3.



Free radical damage plays a role
in the pathophysiology of osteoarthritis

By
Didrik J. Sopler Ph.D., L.Ac.
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researchers concluded that extracellular SOD, the major
scavenger of reactive oxygen species in extracellular
spaces is decreased in osteoarthritis.  This suggest that
inadequate control of reactive oxygen species plays a role
in the pathophysiology of osteoarthritis.

The clinical importance of this is that the minerals zinc,
copper and manganese are necessary for the production
of SOD.

By recommending patients to supplement their diet with
these minerals they can help prevent damage to cartilage
caused by free radicals.
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Superoxide dismutase (SOD) the body’s own antioxidant
enzymes, is a constituent of cartilage.

The objectives of the following study was to determine
if there is a relationship between extracellular superoxide
dismutase deficiency and osteoarthritis, samples of
human cartilage as well as mouse cartilage were used.¹
The samples were obtained from femoral heads of
patients at the time of joint replacement surgery for
osteoarthritis or from patients with femoral neck fracture.

Extracellular SOD was measured several ways from the
patient’s samples and also from the mouse cartilage.  The
cartilage samples were also measured for several other
factors.

The results showed that human articular cartilage
contained large amounts of extracellular SOD.  When
comparing the patients with osteoarthritis and the patients
with hip fractures, the patients with osteoarthritis had
approximately a 4-fold lower level of extracellular SOD.

The mice started to show a decreased level of extracellular
SOD before the histological evidence of disease occurred.

This is useful clinical information.  By recommending patients to supplement their diet with these important
nutrients they may reduce their risk for both osteoporosis and degenerative joint disease.
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The researchers concluded that extracellular SOD, the
major scavenger of reactive oxygen species in
extracellular spaces is decreased in osteoarthritis.  The
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Abstract
Evidenced-Based Medicine for Manipulation

and Vertebral Artery Concerns

By
Brent Harper, PT, DMT, DPT, OCS, FAAOMPT

When discussing manipulation to the upper cervical
spine, the vertebral artery is of primary concern. The
upper cervical spine is an area under the most debate
due to the potential for vertebral artery injury, and side
effects from a manipulative procedure. It is the pur-
pose of this article to provide evidenced-based medi-
cine of the present literature as it relates to the upper
cervical spine manipulation and its risk to the verte-
bral artery.

Vertebral Artery Anatomy
The vertebral artery contributes approximately 11%
of the total cerebral blood flow, the remaining 89% is
supplied by the carotid system. Approximately 60%
of axial rotation of the cervical spine and occiput oc-
curs in the upper region (C0-C1-C2), while 40% is
found in the lower region (below C0-C1-C2). It most
commonly enters the C6 foramen transversarium, how-
ever, variations may occur. Historically, it was believed
30 degrees of rotation caused the contralateral verte-
bral artery to become kinked and stretched, and at 45
degrees of rotation, the ipsilateral vertebral artery be-
gins to kink. However, as the recent literature on rota-
tion and the vertebral artery demonstrates, this may
not be the case1,2.

The vertebral arteries can be disrupted in many ways
and in many areas, both by intrinsic and extrinsic fac-
tors.  Intrinsic disorders are related to pathology of the
artery itself and often involve narrowing of the arterial
lumen.  These include conditions like atherosclerosis,
aneurysms, thrombosis, and emboli.  Extrinsic disor-
ders are caused by encroachment of the artery by ex-
ternal structures.  These include conditions like
osteophytes, bony anomalies, muscular entrapment,
fibrous bands, nerve entrapment, and excessive me-
chanical forces1,2.

The vertebral artery has four primary zones or regions

where it can be compromised and is more suscep-
tible to injury due extrinsic causes. Zone One ex-
tends between the subclavian artery and the C6 fora-
men transversarium.  It runs in the angle between
scalenus anterior and longus colli muscles and is in-
vested by the deep cervical fascia. The extrinsic fac-
tors most likely implicated in Zone One include
anomalous origins of the longus colli or the scaleni,
and fascial bands1,2.

Zone Two runs vertically through the foramina
transversaria of the upper six cervical vertebrae.  It
primarily relates to two bony structures, the unci-
nate process of the vertebral bodies and the superior
articular processes of the zygopophyseal joints. Po-
tential extrinsic factors in this region are the
uncovertebral osteophytes (primarily at these seg-
ments C5-6, C4-5, C6-7), subluxation of superior
articular process, tumors, and cancers1,2.

Zone Three passes though the foramen
transversarium of C1 and turns horizontally across
it.  The 2nd and 3rd zones of the VA are fixed within
the foramina transversaria, therefore, the VA must
move whenever the transverse processes move.  This
motion is greatest at the atlanto-axial level during
rotation. Therefore, zone three tends to be of primary
concern when discussing upper cervical
manipulation; specifically rotational techniques.
Extrinsic factors include subluxation of C1, the bony
arch on the superior surface of C1 (arcus ponticulus
or retroarticular foramen), and mechanical forces
to this region, including techniques that involve
rotation, extension, or traction1,2.

Zone Four enters the foramen magnum to join the
opposite vertebral artery and form the basilar artery.
Extrinsic disorders include mechanial forces to the
artery may get distorted with extension and
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rotation movements, as well as compression between the occiput and posterior arch of C11,2.

Manipulation and the Vertebral Artery
Vertebral artery syndrome is defined as a transient, partial, or complete occlusion of a branch of the vertebrobasilar
arterial system resulting in ischemia or infarct of the spinal cord, brainstem, or cerebellum.  It is typically
associated with occlusion of the vertebral artery through cervical hyperextension or rotation. Primary signs and
symptoms  from vertebral artery compromise may be numerous.  However, they primarily involve remembering
the 5 D’s, which are dizzines (most common), diplopia (double vision), drop attacks (syncope, black out),
dysarthria (difficulty speaking), and dysphagia (difficulty swallowing) 2.

Cerebral ischemia, specifically vertebral-basilar artery insufficiency (VBI), can cause non-overt signs. Symp-
toms indicating potential involvement of the vertebral arteries in the clinic are more difficult to identify. The
variability in the symptomatic presentation makes it difficult to specifically identify with physical examination
testing, especially since evidence-based guidelines regarding vascular causes are limited. Potential symptoms
due to blood flow disturbance include difficulties with speech, swallowing, balance, and vision; including
syncope, nausea, and vertigo. A recent article by Asavasopon, Jankoski, and Godges3 found that that, “Epi-
sodic vertigo, especially when lasting more than 1 minute, occurring in isolation or with other associated VBI
symptoms, should be considered a potential medical-screening red flag, and should increase the index of sus-
picion of vascular insufficiency” (p649). From the present literature, the authors identified possible risk fac-
tors, or co-morbidities, associated with VBI, including hypertension, hyperlipidemia, diabetes, carotid disease,
heart disease, alcoholism, and smoking.

Evidence-based medicine is based on statistical findings to clinical situations. The usefulness from these stud-
ies is described by various statistical terms. Sensitivity is the proportion of people who actually have the
disease and are correctly identified as “positive” by the screening test. Specificity is the proportion of people
who do not have the disease and are correctly identified as “negative” by the screening test. Likelihood Ratios
(LR) combines sensitivity and specificity and indicate the change in odds favoring the disease given the screen-
ing test results. The greater the LR+, the more likely the condition is present given a positive test result. The
smaller the LR-, the more likely the condition is absent given a negative test. An LR of 1.0 does not change the
odds for or against the disease4.
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Study of the vertebral artery was undertaken by
Richter & Reinking4, who performed a literature
search to obtain evidence to guide clinical decision-
making.  Their interpretation of the cervical spine
test of extension-rotation presented by Sakaguchi et
al5, demonstrated a sensitivity of 9.3% (95% CI=4 to
19.9%), a specificity of 97.8% (95% CI=96.7 to
98.5%), a LR+ of 4.243 (95% CI=1.678 to 10.729)
and a LR- of 0.928 (95% CI=0.851 to 1.011). The
authors had two primary conclusions: 1) A negative
VA extension-rotation test does not rule out VBI.  A
negative test does not add anything to the clinical-
decision process.  A positive test may suggest the
presence of VBI and require further diagnostic testing,
2) The VA test does not expose the patient to a high-
velocity, low-amplitude thrust, therefore, a negative
test cannot be used to determine the safety of cervical
manipulation.

the force and assess for signs and symptoms of VBI.

Many studies looked at cervical manipulation and
vertebral arteries to help clarify the risks and benefits
of upper cervical manipulation. Zaina, et al7 performed
ultrasound duplex Doppler, at C1-2 and C5-6, at 45
degrees rotation and at end range rotation. They found
that repetition of the rotational position did not have a
cumulative effect on the patency of the vertebral
arteries. They found that premanipulative hold tests
do not have a morbid effect on the vertebral arteries
and a 10 second rest period is a sufficient identifier for
latent effects form the test positioning.

Arnold, et al8 performed a pilot study using duplex
colour doppler sonography with testing performed in
6 different clinical test positions. They found
premanipulative hold for minimum of 10 seconds at
C1-2 (positioned in cranio-vertebral side bending with
contralateral rotation down to and including atlano-
axial joint with digital pressure on, just short of
manipulative thrust) and rotation are useful screening
positions for the identification of high-risk patients for
VBI (decrease in contralateral vertebral artery).

Symons, Leonard, Herzog9 performed a cadaveric
study to determine strains and lengthening movements
that occur to the vertebral arteries during manipula-
tion.  They found that the strains produces from ma-
nipulation on the vertebral arteries are within the range
of strains produced during normal physiological cer-
vical spine movement. Under normal circumstances, a
single high-velocity and low-amplitude manipulative
thrust is highly unlikely to tear or otherwise mechani-
cally disrupt the vertebral arteries.

Childs, et al6 completed a commentary on the ability
to identify patients at risk for VBI and found a paucity
of peer-reviewed evidenced.  They found presently
there is no clinical predication rule that can accurately
identify patients at risk for VBI and there is little
evidence substantiating the accuracy of historical
information, physical examination screening
procedures, or diagnostic imaging to accurately
identify patients at risk for VBI prior to manual
therapy. However, the authors believe that information
can be gained from the history and physical exam to
help guide clinical decision-making. From the history,
it would be unwise to ignore the signs & symptoms
thought to be associated with VBI or a positive
screening test.   The mechanism of injury is helpful,
trauma, particularly from high-velocity flexion-
distraction and rotational forces that may occur during
a whiplash incident.  This information can help
differentiate a diagnosis of VBI from fracture,
sensorimotor function or vestibular involvement.
Patients with VA injury may present with just neck
pain, which may be pre-existing and misdiagnosed as
mechanical neck pain.   Testing positions that
implement the application of incrementally greater
movements and loads were supported by the authors
as appropriate.  Prior to manual therapy procedure,
maintain patients head position in the position (i.e.
premanipulative hold technique) where the procedure
is to be done for 10 to 15 seconds prior to imparting

Rosner10 wrote a commentary on vertebral artery and
related causes of cerebrovascual accidents. He identi-
fied that the spontaneous vertebral artery dissections
in hospital settings occur annually in 1 to 1.5 per
100,000 patients, and twice as high in community set-
ting. While cerebrovascular accidents (CVAs) attrib-
uted to spinal manipulation was equal to that of the
spontaneous rates for cervical arterial dissections.   The
author suggested if these rates of occurrence are cor-
rect, we need to look at what can cause spontaneous
events, rather than just focusing solely on manipula-
tion. He identified a genetic defect that leads to
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 increased levels of the amino acid homocysteine. This amino
acid may play a role in disrupting collagen and elastin in
the arterial wall. He believed elevated levels of the amino
acid homocysteine are the most reliable method of identify
those at risk for CVAs.

Symons and Westaway11 wrote a review paper on blood flow
and spinal manipulation using Virchow’s Triad as a
conceptual model to evaluate research on thrombosis with
an emphasis placed on high-velocity low-amplitude
manipulation thrust of the cervical spine. The authors
proposed this revision of Virchow’s Triad: 1) Abnormal
Blood Flow, including atherosclerosis, HTN, and
homocysteine levels. Clinically, this can be tested, to a
limited extent, by taking blood pressure and by auscultation
for bruits. 2) Predisposing Factors can be identified as
genetic or lifestyle (female, advancing age, obesity,
sedentary, smoker, or oral contraceptives), by various
pathological or medical conditions (diabetes mellitus, lupus,
sickle cell disease, previous strokes, history of TIA’s, HTN,
or atherosclerosis). 3) Physical damage, which is from the
manipulative procedure itself.  The authors reported if
performed daily for two weeks, manipulation may have a
greater potential to cause vertebral artery injury than if
performed over a longer period of time, for example two
times a week for seven weeks.  Therefore, the authors believe
that a disruption of vertebral artery blood flow is not likely
due to manipulative procedures based on two arguments.
First, most people have four major arteries that supply the
Circle of Willis, the remaining collateral arteries would
reflexively compensate for any decrease in brain perfusion.
As support, the Symons and Westaway cited two studies in
which compensatory blood flow occurred even when 100%
VA was occlusion and did not result in VBI. Second, the
manipulative procedure took 5-10 seconds to set up and
then perform the manipulation, which only took 200 ms,
whereas most TIAs last from 2 to 15 minutes and did not
produce any substantial side effects. Therefore, the authors
concluded that if manipulation induces VBI, it does so only
in the presence of other factors.

Haynes12 performed a literature review to evaluate doppler
velocimetry as a vertebral artery-screening tool for use prior
to manipulation. He found that there may be an increased
risk for VBI in the vertebral arteries due to marked reduction
in patency while in neutral position and/or in a positional
stenosis of cervical rotation causing contralateral blood flow
obstruction. There was high inter-examiner reliability using
the doppler velocimetry technique. The author concluded
there is no ultimate screening test at this time to prevent
all strokes from occurring.  Clinicians should implement
the most recent evidence-based approaches available.  There
was strong evidence supporting the use of doppler
velocimetry as a valid VA screening too, thus the conclusion

supported its use as the standard for premanipulative
cervical procedures.

Harper13 performed a modified extensive literature re-
view concluding that there is no penultimate screening
test or protocol to prevent all stokes from occurring.
However, clinicians should perform manipulative
therapy according to the best evidence-based approaches
available. This includes a thorough history (identifying
co-morbidities), general medical screening examinations
(by minimally taking blood pressure, heart rate, and
auscultation for bruits), by the performance of physical
testing procedures (i.e. deKleyn’s, premanipulative hold,
and full rotation), and, where available, using blood
panel results (amino acid homocysteine) and doppler
velocimetray (hand held unit).

Manipulation and Side Effects
Many concerns have expressed regarding the use of
cervical manipulation due to the potential side effects
that may occur from the implementation of this
procedure. The primary concern usually involves the
vertebral artery, previously discussed. However, the
question still remains, what are the risks of cervical
manipulation?  Atchison14 performed a literature review,
prospective study, of randomized clinical trials. He
found following cervical manipulation there were mild
complications in 0.00025%  (1 in every 40,000), serious
complications (including fracture, SPI, or
vertebrobasilar accident) in 0.00001% (5-10 per every
10,000,000), major functional impairment (including
paralysis and other neurological deficits) was 3-6 per
every 10,000,000), and a risk of death in less than 3
per every 10,000,000. As a comparison, the author
identified the potential risks of non-steroidal anti-
inflammatory drugs (NSAID) which were estimated for
risk of hospitalization due to gastric ulcers 0.4% as
well as the risk of death at 0.04%. These percentages
are much higher than what has been found as the result
of manipulation.

 Di Fabio15 performed a literature review of case reports
(116) and randomized clinical trials (12) on efficacy of
manipulation to the cervical spine and potential risk
factors. He found risk for severe neurovascular
compromise ranged from 1 in 50,000 to 1 in 5,000,000.
He reported the population at risk for VBI is not always
easily identifiable, that rotational thrusts represented
the most cerebrovascular cases, and that manipulation
has not been shown to be better than mobilization.
However, Harper13 performed a modified extensive
literature review and found that the efficacy of
manipulation, as compared to mobilization, resulted
in positive results supporting manipulation, although
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the numbers of qualified studies
were limited. In conclusion,
Harper found that the research has
implicated that cervical
manipulation, which includes
mobilization and manipulation, in
combination with exercise would
provide the most significant
outcomes.

Senstad, Leboeuf-Yde, and
Borchgrevink16 performed a pro-
spective survey questionnaire
(4712) pilot study, among chiro-
practors in Norway looking at un-
pleasant side effect following spi-
nal manipulation.  The authors
found no serious complaints of
injury.  They did find following
manipulation there was various
resultant symptoms that occurred.
These types of reactions included
local discomfort (53%), headache
(12%), tiredness (11%), radiating
discomfort (10%), dizziness (5%),
nausea (4%), hot skin (2%), and
other (2%). These symptoms
tended to occur at various inter-
vals. The onset of symptoms oc-
curred within 10 minutes (17%),
between 10 minute to 4 hours
(47%), after 4 hours (32%), or
were not stated (4%).  The authors
concluded at least half of new pa-
tients who receive manipulation
would report at least one unpleas-
ant reaction during the course of
treatment. This may mean the oc-
currence of side effects to cervi-
cal manipulation may be higher
than has been estimated in the
past, however, no serious compli-
cations were found.

stiffness (19.46%), aggravation of original
complaints (15.18%), fatigue (12.06%), and
radiating discomfort (12.06%).  Most side
effects started within 4 hours of
manipulation (60.54%) and ended within 24
hours of treatment (63.96%).  Despite the
presence of side effects, 66.9% of patients
reported improvement in original diagnosis
within 48 hours of manipulation.
Upper cervical spine manipulation is 3.17
time more likely to cause side effect of
headache than lower cervical spine. There
is a 2.4% decreased risk of headache for each
1-year increase in age. Women had 1.66
times greater risk of headache than males.
Women (P<0.001), smokers (P=0.045),
individuals with history of migraines
(P<0.001), and those using medication
regularly (P=0.011) complained more of
headache. Women complained more than
men about stiffness (P=0.38), local
discomfort (P=0.030), and fatigue
(P=0.036). The authors recommend asking
about headache, dizziness, and nausea on
the visit following the treatment. They
considered these three side effects as red
flags, indicating a contra-indication for
further cervical manipulations.

Conclusions

Cagnie, et al17 performed a
prospective observational survey
(465) to determine side effects and
risk factors associated with
manipulative therapy among
manual physiotherapists,
chiropractors, and osteopaths in
Belgium. They found multiple side
effects from manipulation,
including headache (19.84%),

The potential for serious side effects
continues to be associated with cervical
manipulation, especially when applied to the
upper cervical spine. Despite this
assumption, there appear to be more
significant causes of vertebral artery
disruption other than mechanical disruption
alone. It is evident that serious side effects
still occur, although at extremely limited
numbers. It is more common for those who
receive cervical manipulation to experience
non-serious side effects at varying time
intervals after the procedure. Therefore, it
is important for physical therapists to inform
the patient of the expected potential common
physical side effects from the manipulative
procedure and when these effects might
occur. This will also help the practitioner
remember what can be expected and what
should be avoided regarding the
implementation of the manipulative
procedure. It will also help guide physical
therapy practice concerning further
implementation of manipulative procedures.
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To sign up for classes, please download our Registration Form (requires Adobe
Acrobat Reader). To apply for our degree or certificate programs, please
download our Application Form. Please fax your completed registration form
to (619) 298-4225 or mail it to The Ola Grimsby Institute, 4420 Hotel Circle Court,
Ste. 210, San Diego, CA 92108.

Please visit our Continuing Education section for course descriptions; visit our
Degrees section for more information about our degree programs. Thank you
for your interest in Ola Grimsby Institute. We look forward to helping you further
your career in manual physical therapy!



10

The Academy of Doctoral Sciences, Inc is a Utah-based corporation
offering a doctor of manual therapy degree for physical therapists who
have completed their manual therapy residency and fellowship
programs and who have received their DPT from the Ola Grimsby
Institute.

The third year of postsecondary education following the OGI programs
is a year of advanced clinical specialization for which the academy is
granted the right to issue a doctor of manual therapy degree.

For further information contact:
The Ola Grimsby Institute

4420 Hotel Circle Court, Suite 210
 San Diego, CA 92108

Phone: 1-800-646-6128.
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Improve your treatment outcome
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?
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