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Charlatans in Dentistry: Ethics of the NICO Wars
Jerry E. Bouquot, DDS, MSD, FICD, FADI
Robert E. McMahon, DDS

Ignaz Philipp Semmelweis would have understood. He was a Vienna-based Hungarian physician who
in the 1840s, before the germ theory of infection existed, established through a case-control investigation
that the simple act of washing hands between patients, and especially between the performance of an
1
autopsy and a patient examination, dram atically reduced the mortality rate in his maternity ward. At the
time, postpartum deaths from septicemia were occurring at an alarmingly high rate throughout Europe. In a
hospital ward supervised by Semmelweis one in five young mothers died after giving birth. With hand
washing this rate fell to a negligible number. When hand washing was discontinued the rate rose again.
Results were published in the Vienna Medical Society Journal, one of the most widely read journals of its
time, and confirmed by U.S. and British reports.
This convincing experimental evidence should have persuaded all physicians, and especially
obstetricians, to take up the habit in earnest. However, while his advice was followed by many progressive
physicians within his own country, in many other quarters his work was treated with ridicule and abuse.
Semmelweis was thought to lack proper respect for the knowledge and authority of his elders. Physicians
felt that more concern should be given to a doctor’s dignity than to the needs of females. Hide-bound
tradition prevented many from altering practices which had remained unchanged since the Dark Ages.

NICO, the Disease
The authors of the present essay have had the privilege and the headaches of becoming personally
involved in a similar Semmelweis scenario. This scenario requires a clinician to become knowledgeable
about relatively common but obscure disease processes not previously well-understood: ischemic bone
disease and low-grade infection of the maxillofacial bones. These processes for several reasons are
challenging for the clinician and disheartening for the patient.
Firstly, the associated pain is often very severe, neuralgic and intractable. Secondly, since these are
marrow diseases there is little alteration of the surface mucosa (edema, erythema, etc.) or the radiograph,
even in severe cases. Thirdly, clinicians are tempted and trained to use a facial neuralgia diagnosis for

idiopathic pain once tooth- and sinus-related causes are ruled out. Therefore, the clinician has difficulty
including the disease in a differential diagnosis, appropriate marrow evaluation is not done, and the
patient must suffer excruciating, unbearable pain as well as doctors who repeatedly suggest that the pain is
psychological or psychosomatic.
This disease process is now called NICO (neuralgia-inducing cavitational osteonecrosis), a name
emphasizing its two most unique features: the neuralgia-like character of associated pain and the very
unique ability to desiccate and hollow out large marrow spaces. Pain-free cases also occur, usually referred
to as silent NICO or maxillofacial osteonecrosis.
Our profession’s involvement with this disease process began early, coinciding with the birth of
modern, organized dentistry. Initially called “bone caries” because it was considered to be an infection
without pus (like tooth caries today), it was not an uncommon problem in the nineteenth century world of
heavy metal pollutants and malnutrition (Ferguson, 1868; Noel, 1868). The disease essentially disappeared
from the twentieth century dental literature until a flurry of research activity toward the end of the century
dramatically increased our understanding of its pathophysiology and our ability to appropriately diagnose it.
It is now understood that NICO is the jawbone version of a skeletal disorder, termed ischemic
osteonecrosis, avascular necrosis, aseptic osteomyelitis or bone marrow edema, with a long and active
research history in the orthopedic surgery literature (Bouquot & McMahon, 2000; Neville, Damm, Allen, &
Bouquot, 2002; Urbaniak & Jones, 1997). This disease is not so much a disease in its own right as it is an
end-stage result of poor marrow blood flow and stagnation, usually associated with one or more inherited
hypercoagulation states and often with a superimposed low-grade bacterial infection (Bouquot & McMahon,
2000; Gruppo, Glueck, McMahon, et al, 1996).
Potent neurotoxins are produced in the diseased marrow and are capable of damaging the myelin
sheath of trigeminal nerves, sometimes with the adverse development of blood-born autoantibodies against
myelin throughout the body (Bouquot & McMahon, 2000; McMahon, Bouquot, Mahan, & Saxen, 1998). The
prevalence rate for biopsy-proven NICO in adult females, 1 per 2,000, is considerably greater than the adult
male rate of 1 per 20,000 (Bouquot & McMahon, 2000). Technetium radioisotope scans, quantitative
ultrasound and diagnostic anesthesia testing are more appropriate diagnostic tools than radiology for this
disease (Bouquot & McMahon, 2000; McMahon, Griep, Marfurt et al, 1995; Neville, Damm, Allen, &
Bouquot, 2002; Urbaniak & Jones, 1997). And a series of follow-up investigations has determined that at
least 72% of affected patients experience dramatic pain relief after surgical curettage of affected bone
(Bouquot & Christian, 1995; Bouquot & McMahon, 2000). ]

The histopathology, etiologies, clinical features, and therapies for NICO are similar to those of other
affected anatomic sites. Regardless of the site involved, however, the disabling pain, the well-known
diagnostic subtleties and the demanding nature of the therapies make ischemic bone disease one of the
more problematic disorders in humans.

The Controversy
So what does all this have to do with Semmelweis? In one sense, many clinicians would like to “wash
their hands” of this disease. It is too difficult, too time consuming, and treatment is too often unsuccessful.
This has led many clinicians to simply avoid the diagnosis. However, an additional and potentially greater
problem emerged in the 1980s, when the disease became intimately associated with idiopathic facial
neuralgias.
At that time NICO, under several diagnostic names, became one of the great controversies of
dentistry, termed by some the “NICO wars”. While a reasoned progression of peer-reviewed publications
has been adding to the literature, outside the literature the dialogue has more typically been characterized
by personal opinions and belief systems, and the tools of “debate” have too often been ridicule and abuse.
The healthy and necessary scientific debate of new concepts and disease characterization is almost
completely lacking in this arena. The debate seems, rather, to be some sort of religious argument where
scientific facts need not be applied.
Enter the charlatan: “a pretender of knowledge and skills that one does not possess, also called a
quack” (Anderson, 2000). Usually those referred to as quacks or charlatans are individuals using practices
without a corroborating literature base. In the NICO wars these disparaging names are certainly bantered
about with remarkable frequency, but the most intriguing feature to us is the fact that the charge of quackery
has been turned on its head. The clinicians being labeled as quacks are those actually using as source
material a published literature of more than one hundred and sixty peer-reviewed papers, abstracts and
book discussions pertaining to head and neck lesions (www.maxillofacialcenter.com/osteonecrosis,
accessed 9-28-03). Moreover, this literature uses as its base more than two thousand publications in the
orthopedic surgery, rheumatology and laboratory medicine literature.
The NICO literature is filled with microscopic and clinical photos and descriptions, published by a
variety of dental specialists, and a very extensive review was published in 2000. To date not a single
research paper has been published in a peer-reviewed setting which refutes in any way the data provided
by the NICO literature. Yet, it is not unusual for a dentist to dismiss ischemic bone disease out of hand by

simply stating that NICO does not exist, and then proceed to belittle or threaten legal action against those
clinicians willing to help NICO patients (Doddie & ??, 1996; ?? & Epstein, 2002; Baratz, 2001).
The reason for this completely escapes us, even though the irony has not. Moreover, the vehemence
of the “anti-NICO” attacks has been so severe and so anti-intellectual that it lends wonderful credence to the
old adage that those who know the least about a subject have the strongest opinions. We think that
Semmelweis would have understood.
Attacks in the litigious climate of modern America often take the form of nuisance lawsuits and threats
from state licensing boards. Within our own states, where we are well known, we have had no legal
problems relative to this disease, but attacks have occurred with some regularity from individuals who do
not know us and apparently do not read our published work. One of us (JEB), for example, has been
accused in legal suits of actually inventing the disease in order to enhance his income (Baratz, 1995). He
has been legally charged with fraud, conspiracy, malpractice, even assault and loss of conjugal relations.
Thus far legal attacks have had little or no consequence for us, other than making us more visible and
thereby helping to grow our practices. It is clear, however, that much of this activity has been encouraged by
the quintessential and now largely discredited, self-appointed vigilante group, the National Council Against
Health Fraud. This group, which seems to believe that the worst sin in dentistry or medicine is to be
unconventional, has for years suggested that any patient receiving a diagnosis of NICO should report it
immediately to their state dental board and consider filing fraud and RICO (Racketeer Influenced and
Corrupt Organizations Act) conspiracy charges against any “quack” who would be foolish enough to
diagnose ischemic bone disease in the jaws (www.quackwatch.com). They have long reported that dentists
in multiple states have lost their license because of “Dr. Bouquot’s diagnosis...or tax fraud.” Technically, the
latter charge is true; many states must have dentists who lose their license because of tax fraud. But the
former statement is completely untrue and, in fact, represents the opposite of truth. We have, in fact, been
instrumental in helping to keep the licenses of NICO surgeons being attacked by their boards.
After a few initial successes more than a decade ago, prior to the development of a substantial body of
peer-reviewed literature, this Council has not faired well in their attacks against NICO doctors and
alternative health care providers in the courts. Their lead expert witnesses have made so many
unsubstantiated claims in hearings and court proceedings that they no longer have credibility and some
have even had contempt of court charges filed against them for falsifying their qualifications (State of
Florida v. Phillips, 2002). A recent California suit was summarily dismissed because the “quackwatchers”
expected the court, according to the judge, to merely accept their opinions without a shred of substantiating

evidence (http://www.humanticsfoundation.com/quackwatchwatch.htm). Their “experts” have admitted to
earning considerably more from testifying than from clinical practice...perhaps a reason for them to continue
to fuel the controversy? The “organization” seems actually to be in disorganization and will thankfully soon
fade into the past as just another bad idea in American dental politics.
Attacks from state licensing boards have also occurred, sometimes with a rather personal touch. At
least one contributor to the biopsy service of one of us (JEB) was told by her board that her license was in
jeopardy unless she quit treating a disease which did not exist (State of Washington v. Hopkins, 2002). She
was also told that she could not take continuing education courses from Dr. Bouquot and all biopsies sent
out of state must receive a second opinion from the state university lab. This board so overstepped its role,
and had so little to base its actions on, that the attorney general’s office of that state has promised a written
apology to Dr. Bouquot.
Other board activity has been worrisome, to say the least. One board took the surgical privileges (not
the license) away from a general dentist treating NICO patients without a hearing or an unbiased
investigation, largely based on the word of a single dentist (State of Iowa v. Allender, 1995). Several boards
have refused to accept our histopathologic diagnoses, and sought a diagnosis more to their liking (i.e.
anti-NICO), even after two, three or four nationally recognized oral pathologists confirmed marrow disease
from review of the original microscopic slides (State of Arizona v. Lee, 1997; State of Washington v.
Hopkins, 2002). Other boards simply refused to accept as credible any expert witness who used the dental
literature as the basis of his or her opinion, while accepting, seemingly without question, comments made
by quackwatch-associated individuals who could not review the literature and admit to no experience with
the disease (State of Florida v. Phillips, 2001).
Certain boards have shown such a bias against NICO that they would only behave honorably when
exposed to regional and national TV coverage (State of Arizona v. Lee, 1997). Other boards arranged for
publication in statewide newspapers of fraud charges against NICO surgeons before a hearing was even
scheduled, or were so confident of success that they let the local state dental journal publish an
announcement of license revocation before the defending dentist, who was exonerated, had his hearing
(State of Iowa v. Allender, 1995; State of Arizona v. Lee, 1997).

Sorting It Out
By now the controversy has greatly diminished, although there are a few who “remain proudly standing
in the middle of their own preconceptions with the stolid air of one who is quite prepared to wait until

continental drift budges him from his position” (Pratchett, 1998). It seems worthwhile, then, toward the end
of the battle, to offer a few comments and reflections stemming from our own experience in the “wars”.On a
personal level, work in such an arena of controversy has been filled with dichotomies. One the one hand,
we have been well received during the delivery of more than 100 research presentations and invited
lectures at universities and national or international scientific meetings. On the other hand we have at other
national meetings, and not in our presence, been literally called quacks. While we have been visiting with
most of the world’s authorities on the histopathology and treatment of osteonecrosis of the jaws, hip and
knees, learning much from the exchange of cases and concepts, we have been publically accused of not
knowing the basic differences between normal bone and ischemic bone disease by persons with no
obvious experience with stromal marrow disorders. While receiving an award for outstanding research,
having a paper featured as the cover story of a highly respected medical journal, and being recipients of a
major research grant (Residual Infection in Bone project of Indiana University Medical Center), we have
been publically accused of publishing worthless research. While knowing first-hand the tremendous
improvement experienced by a large proportion of our treated patients, and receiving microscopic
confirmation of hundreds of cases, we have been vilified for treating a disease which some claim to be
nonexistent.
It has been quite a journey for us, to be sure, and one which we would gladly undertake again. While
we have emphasized the negative in the present essay, we could not conclude without also mentioning the
tremendous dedication, compassion, innovation and intelligence which has characterized, in our opinion,
the growing group of professionals interested in this fascinating disease process and the patients afflicted
by it. Their willingness to continue in the face of inexplicable resistance and harassment is truly remarkable,
and we wish to thank them for accepting their role on the front line of a new human endeavor. We think
Semmelweis would have understood.
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Understanding Jawbone Cavitations and
Their Relationship to Disease
by
Susan Stockton, MA

In 1993 two critically important books in the
field of remedial dentistry were released, these are:
“It’s All in Your Head,” by Hal Huggins, DDS and,
“Root Canal Cover-Up,” by George Meinig, DDS.
For many, an awareness of the problems posed
by the use of mercury-containing dental amalgam,
the so-called “silver” filling, as well as root canal procedures began with the information presented within these books. We learned that these dental practices could be the root cause of many seemingly
unrelated systemic or whole body problems.
Less than a decade later we’re beginning to discover that iatrogenic or physician-induced illness in
the dental arena is not limited to mercury and root
canal treatments. The public is beginning to become
aware that systemic illnesses resulting from the
toxic output of “focal infections” in the upper and

early in life either because either they were causing
problems or considered likely to do so. Ironically, the
conventional extraction of a wisdom tooth, or any
other tooth for that matter, to alleviate or prevent
problems can finish up causing deep, long-standing
problems if inadequately done.
When extracting a tooth, most dentists and oral
surgeons do not take the time to ensure that the
remaining periodontal ligament that once bonded
the now extracted tooth into its bony socket is completely removed. Nor do they remove a thin layer of
the harder, cortical or surface bone, lining the vacant
socket and to which the extant periodontal ligament
remains bound. Such removal or debridement of the
ligament is needed to allow the softer, marrow-supporting cancellous bone within the outer, cortical
bone to bleed into the surgical site.
Left in-situ, the remaining portions of the no
longer functional periodontal ligament form a barrier to healing by interfering with critically needed
blood flow into the area.
Although the extraction site might well appear to
have healed properly, it is usual for holes or pockets
to form beneath the thin “roof” of cortical bone that
will eventually grow across the top of the socket.
When “oxygen breathing” or aerobic bacteria
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lower alveolar or tooth-socket containing bones of
the mouth can exist even in the absence of amalgam
and root canal fillings.
A “focus” is a enclosed volume of necrotic or
dead and/or infected tissue that produces concentrated toxins. Such an alveolar focal infection site is
often silent in the sense that it produces no local
symptoms, but its toxic output can affect any organ
in the body once those toxins gain systemic access.
Although over 70 factors contributing to focal
development have been identified, the chief initiating
factor in such infection appears to be trauma to the
jawbone, with such trauma being physical, bacterial
and/or toxic in nature. The most common initiating
physical trauma appears to be tooth extraction as it
is commonly performed.
Most of us lost our wisdom teeth, our 3rd molars,

are trapped in such an oxygen-free or anaerobic
environment they change form to become continuous producers of extremely potent toxins reckoned
in some cases to be ten times as neurotoxic as the
mustard gas used in WW I.
The pocket or cavitation in the jawbone has thus
become an invisible incubation chamber for microbes
whose tremendously toxic and continuous output of
waste products weaken the entire body.
When our bodies are young and vital the immune
system is usually strong enough to seal off the output
from toxin producing cavitation sites from the general circulation. As we age however, and in the form of
injury and illness accumulate more stress to the body,
our immunity tends to decline and the silent infection
in the jawbone now begins to spread toxins into the
body via the blood and lymph systems.
Once circulating, these toxins tend to settle into
the most highly stressed, and therefore most weakened organs. Any disorder in the body can therefore
originate in the jawbone even though there may be
no pain or discomfort there. As well, and worse yet,
the teeth around a cavitation site are eventually
affected for they tend to die a slow death due to
insufficient blood supply.
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Knowledge of focal infection has been available
in medical circles for a long time but has been
buried, obscured by prevailing medical teachings
that do not recognize the unimpeachable realities of
focal infection.
In recent years a steadily growing number of
progressive dentists and doctors have become
aware of the damage caused by the conventional
and entirely inadequate tooth extraction procedure
as well as other routine dental procedures.
These pioneers have sought to both avoid and
correct such damage by using proper extraction
technique, avoiding root canal procedures and
treating existing jawbone cavitations surgically.
Surgical removal of necrotic bone is an essential component in eradication of the oral focus and
a necessary pre-condition for healing to occur.
Traditionally, the challenge for the dentist treating jawbone cavitation sites is to first locate them
and second, to gain accurate information about their
physical size and depth, etc. None of the diagnostic
tools traditionally used in medicine and dentistry,
including in particular the X-ray, was designed for
this purpose and none therefore is particularly useful
for such diagnostic investigation. There has been a

of eight years to make the vision of a perfected CAVITAT
the reality it has now become.
The CAVITAT’s computer-driven imaging system
and ultrasonic transmitting and receiving devices
are engineered to reveal only bony structures, not
soft tissue. This is the opposite of what other ultrasound devices used in the medical field do in that
they show only soft tissue, not bone.
Sound waves travel readily through bone that has
a good blood supply and is healthy. The result of ultrasound transmission through such bone is displayed
on the CAVITAT’s computer screen as a three dimensionally color-coded image that is green in the case of
healthy bone.
Where a cavitation is present, the sound waves are
unable to penetrate the soft-mush filled space as easily and in such cases the image displayed on the screen
is red.
When only marginal blood supply is present, and
the bone is therefore dying, the image displayed will
be yellow or orange.
The 32 3-D images displayed on the computer
screen, one for each tooth, can be rotated and viewed
from any angle giving the dentist detailed information
about the condition of the jawbone that is an invalu-
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clear and pressing need for an effective and safe
imaging system capable of giving more detailed and
precise information about jawbone cavitations.
Through the pioneering efforts of Bob Jones of
Aurora, Colorado, this longstanding need is now being
met. Bob took an avid interest in dental problems in
1992, when he discovered that his own life-threatening neurological problems were the result of mercury
toxicity, root canal treatment and jawbone cavitations.
Confined to a wheelchair and given only six months to
live, Bob’s long standing and severe symptoms greatly
subsided following mercury amalgam removal,
extraction of root canal filled teeth, extensive cavitation surgery and ongoing detoxification to rid his body
of accumulated poisons and toxic mercury.
Even before his recovery, he set out to develop
an instrument designed to detect jawbone cavitations and as a design engineer with a background in
sonar technology, Bob was convinced from the outset that such an imaging device could be developed
using through-transmission ultrasonography or
high frequency sound waves transmitted from one
side of a bony structure and through the bone to
then be “picked up” on the other side.
He and his son and numerous field researchers
both local and far flung worked diligently over a period

able guide to a successful surgery.
I have seen firsthand the results of this technological breakthrough as my own long-standing
health problems improved immensely after successful jaw surgery made possible by the CAVITAT.
I started writing about jawbone cavitations in
1998, and my book, “Beyond Amalgam: The Hidden
Health Hazard Posed by Jawbone Cavitations,” was
released in 1999, but until the CAVITAT came onto
the market in early 2001 I had very poor bone healing from previous surgeries because my surgeons
were unable to determine the locations and extents
of all the necrotic volumes of jawbone, upper and
lower, and were therefore working on a “cut and try”
basis; unable to find and remove them all.
The advent of ultrasonic bone sonography offers
real hope both for dental patients and those chronically ill individuals whose conditions might have their
roots in a silent jawbone condition.
Based on my experience, and given the prevalence
of jawbone cavitations, I believe a CAVITAT scan
should be a standard part of every routine dental
exam or every annual physical exam due to the systemic problems that can stem from these cavitations.
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Fig. 1. Shown above is a section from a cadaver mandible that
clearly shows the nature and extent of a cavitation infection. Noting
how far reaching is the discoloration in the bone, one can easily surmise the difficulties involved in completely removing such an infection
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Jawbone Cavitations: Infarction, Infection & Systemic Disease
Susan Stockton
In the mid-90s I made the eye-opening discovery that chronic health problems which had eluded
resolution for many years had their origins in, of all places, my jawbone. I would never have deduced
this had it not been for a fortuitous finding: the complete disappearance of bladder problems of a
year's duration within days of having an abscessed tooth removed. When I reported the "coincidence"
to my dentist, he was surprised and incredulous. He shouldn’t have been for he considered himself a
"holistic" practitioner. Later however, and despite his lack of understanding of focal illness, that same dentist
unknowingly helped me learn more about it by creating the conditions that triggered the full expression of
a long silent jawbone disease -- osteomyelitis (a.k.a cavitations, and a dozen or so other names). Although
infrequently diagnosed, this disease is in fact very common and is perhaps the most common source
of focal conditions in the body. A "focus" is a walled-off area of concentrated toxins and necrotic (dead)
and/or infected tissue.
A jawbone cavitation is a recess or pocket in the bone. A cavitation is not readily visible to the eye, and
although it can be the hidden cause of facial pain syndromes such Neuralgia Inducing Cavitational
names, NICO, it generally causes no local discomfort. There are many possible causes, chief amoung which
is trauma to the jaw, especially the trauma of tooth extraction.
I first encountered the word, "cavitation" about 1995 in the writings of Dr. Hulda Clark. She
described it in her books as "a bone infection resulting from an incompletely extracted tooth" -- i.e., an
extraction where bits of infected bone were left behind. That description didn’t resonate with me then
despite the fact that it was exactly what had been silently going on in my jawbone for many years. I
guess I thought if I had an infection in my jaw, I’d know it: surely there would be pain, inflammation, tenderness -- and my dentist would find the problem in the course of my routine check-ups. Well . . . wrong ! !
Osteomyelitis of the jawbone is not characterized by the usual signs of infection and is most often a silent
condition. And it’s one that dentists are not trained in school to recognize. In fact, they’re not even taught
that the condition exists. This is a somewhat perturbing state of affairs, for the jawbone cavitation is not a
new disease. It was described in 1848 by Thomas Bond in the first oral pathology book. He wrote about a
jawbone necrosis that existed independently of abscessed teeth and gums. In 1915, Dr. G.V. Black, the
father of modern dentistry described the condition as "chronic osteitis."
Jawbone cavitations are exquisitely described in an eye-opening book entitled, "Death and Dentistry" written
in 1940 by Martin H. Fischer, medical doctor and professor of physiology at the University of Cincinnati.
Citing the research of Frank Billings and E.C. Rosenow (early 1900s), Dr. Fischer speaks of "infarctions
induced of micro-organismal emboli" that have broken into the general circulation from a peripheral focal
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point in the jaw or tonsils. This "metastasis" of microorganisms is the cause of a surprising number of
conditions. According to Fischer (p.8,9): "Embolic infection that has struck the heart valves will be
endocarditis; the heart muscle, myocarditis; the pericardium, pericarditis; if all are struck, it is pancarditis.
Involving the skeletal muscles, the same pathological background will give rise to myositis; when the
tendinous junctions are struck, fibrositis; and when the synovial bursae are affected, bursitis or
tenosynovitis. The process in the joints is arthritis; and in the nerves and nerve ganglia, neuritis. In the
brain, this is cerebritis, and in its coverings, meningitis." An impressive catalogue of debility . . .
Fischer goes on to explain the role of metastatic infection in gastric and duodenal ulcers, cholecystitis,
cystitis, pneumonia, bronchitis, rheumatism, asthma, pleuritis, nephritis, thyroid disease, herpes, iritis,
poliomyelitis, multiple sclerosis, certain skin disorders, diabetes, migraines, hypertension and more. He
gives case histories and much clinical and laboratory evidence, including impressive photographs of
cross-sections of infected teeth and photomicrographic slides.
While a jawbone cavitation might well be, and most often is, infected; in its early stages it can be aseptic.
As long as it remains so, no systemic harm is done by it. Even after anerobic infection has developed in a
cavitation site the problem remains localized and most likely silent until the bacterial toxins gain systemic
access. Symptoms develop when the body burden of toxins increases to the point that nutritional
reserves are depleted and the system is no longer able to confine the toxins to their point of origin. At such
a point of depletion toxins then begin to travel via blood and lymph channels to other areas of the body.
Toxins create an extremely acidic environment. As long as the body’s alkaline reserves (primarily calcium
and sodium) remain intact, pH is kept within acceptable limits, homeostasis remains intact and the body
functions normally. Once alkaline reserves are depleted however the balance is disrupted. It is not only
acid-forming foods like the grains and meat so prevalent in the standard American diet that deplete the
alkaline reserves but also the bacterial toxins generated at the site of jawbone cavitations. These toxins
destroy critical enzyme systems in the body, including enzymes essential for energy production. Such
inactivated enzymes are no longer able to fulfill their role as mineral chaperones. The net result is that even
though present in the system, key minerals become biologically inactive because the enzymes needed to
activate them have been destroyed by the potent bacterial toxins emanating from cavitation sites.
It is important to understand that such a "mineral deficiency" is unrelated to mineral intake and can exist in
spite of ample high quality intake, though insufficient intake certainly compounds the problem. The toxins
responsible for mineral deactivation and breakdown of homeostasis are carried throughout the system via
blood and lymph vessels and tend to settle in areas of inherent or acquired weakness. This means, for
instance, that my jawbone cavitation(s) can result in a symptom picture entirely different from yours.
The over-acid conditions that result once alkaline reserves are depleted have many deleterious systemic
effects. When the pH of the blood becomes overly acidic, its viscosity increases -- that is to say it becomes
thicker. Consequently, it does not flow as smoothly through the vessels as it once did and clotting anomalies
result. A tendency to excessive clotting is very common in chronic cavitation patients. It is also known that
excessive homocysteine levels are a factor that predispose one to such clotting anomalies. High levels of
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this amino acid are positively correlated with increased risk of coronary infarction (heart attack) and stroke;
a fact that is also well known today. Nowhere nearly so well known are the relationships amoung these
facts and the jawbone "infarctions" spoken of by Dr. Fischer in the 1940s.
Although the word "infarct" has come to be associated with heart attack, the condition is by no means confined
to the heart. Webster defines an "infarct" as: "An area of necrosis in a tissue or organ resulting from
obstruction of the local circulation by a thrombus or embolus." Jawbone necrosis does indeed result from
impeded circulation, commonly stemming from trauma to the jawbone. Such trauma is largely iatrogenic,
the result of standard dental treatment. Any large fillings especially where toxic metals were used, i.e.
crowns and bridges (which of course include the once healthy teeth used as abutments for the bridge)
root canals, periodontal scaling and tooth extractions, etc. seriously reduce the blood supply to the consequently injured jaw. When blood supply is compromised nutrients can’t get in and toxins can’t get out.
Once toxins gain systemic access, alkaline reserves almost always depeleted depleted, the blood becomes
hyperviscous, homocysteine levels go unchecked and infarction can occur. Such infarction tends to
occur initially in the small vessels associated with traumatized bone tissue in the jaw. These infarctions of
the microcirculation are, it would appear, a major factor in the development and spread of jawbone
cavitations. Fischer understood this years ago when he wrote of, ". . . infarctions induced of microorganismal
emboli."
Our current understanding of the role played by elevated homocysteine levels in coronary infarction helps
us to better understand the mechanism by which cavitations occur. Engineer and cavitation patient, Bob
Jones added a critical piece to the puzzle in 1998 when he observed in the majority of cavitation patients the
the mutation of genes C-677 and L-677, genes that control production of methylene tetrahydra folate reductase,
an enzyme that regulates homocysteine levels. It would appear that while unstable homocysteine levels
can ultimately lead to heart attack or stroke, they first effect a traumatized jaw creating infarctions there in the
form of cavitations. Jones estimates that some 65 ot 85% of the population is affected by this genetic mutation
and are therefore predisposed to not only coronary infarction but to jawbone cavitations as well.
Given such a genetic backdrop, all we need to add to the equation is dental trauma and voila, we have
osteonecrosis/osteomyelitis of the jawbone.
The dental trauma most often associated with a cavitation is the standard tooth extraction, particularly if it
involves a third molar (wisdom tooth) site. It is not standard procedure for the surgeon removing these or any
other teeth to excavate the periodontal ligament that attached the tooth to the bone. With the tooth is removed this
ligament serves no purpose and if any part of it is permitted to remain in the socket it will serve as a barrier to
healing by impeding all-important blood flow. While the extraction site will almost invariably "heal shut," any such
"healing" is deceptively incomplete for below the seemingly "healed-over" surface, a pocket or hole has formed,
which pocket is almost inevitably a breeding ground for anerobic microorganisms whose toxic wastes and byproducts are amoung the most toxic in all of toxicology. It is these microorganisms and their toxins that militate
to form the infarcation-inducing emboli Fischer so lucidly described many, many years ago.
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Whether a cavitation forms following the standard extraction of a tooth depends largely upon how much of
the periodontal ligament happened to have been removed along with the tooth and the type of microorganisms
which are present at the site. More damaging than the microorganisms themselves are the extremely potent
toxins they produce. Once these bacterial toxins gain systemic access, they can do a great deal of harm
through inhibition of enzymes and mineral availability, as described above. The necrosis they produce is
actually a gangrenous condition. Detoxification is a significant challenge at this point and is an absolute
impossibility in the face of the continual toxic exudes from any focally infected teeth and/or jawbone.
The treatment of choice for jawbone cavitations is surgical removal of all necrotic and infected bone for in
the presence of such bone the conditions that created the infection remain and blood supply continues to
be impaired. When done in conjunction with a new extraction such surgical procedure is straightforward in
most cases but where old, "healed over" and infected extraction sites are concerned the task is far, far more
difficult and is complicted by the fact that up until very recently there has been no way to clearly image and
gain information about a potential site's actual location, size and other distinguishing features short of surgically
opening it to "look around," and even then the site cannot be viewed from all angles. To the trained eye
the panoramic X-ray can reveal indications of the presence of a cavitation, but not always. Even when it does,
details are not often clearly discernible and the surgeon is left operating "in the dark" to one degree or another as
the 2-dimensional X-ray image cannot adequately reveal the structure of the 3-dimensional jawbone.
In some severe instances however, cavitations can be depicted on X-ray; however, as much as 50% of the
bone must be deleteriously effected before a cavitation's presence is unequivocally apparent.
While cavitations can be imaged by CAT scans and through MRI, these methods are neither practical nor
cost-effective for use in the dental profession as they expose the patient to the adverse effects of
radiation and require the interpretive services of a radiologist. The aware dentist has long been in need of
a reliable instrument for clearly and safely imaging jawbone cavitations; ideally an instrument that could be
used "in-house." Due to the unflagging efforts of Bob Jones, the engineer/patient responsible for uncovering
the genetic mutation associated with elevated homocysteine levels, such an instrument is now available.
Jones’ story is interesting and as told in my book, Beyond Amalgam: The Health Hazard Posed by Jawbone
Cavitations," even more dramatic than my own, so it's worth telling here.
A decade ago, Bob Jones was a picture of perfect health; or so it seemed. He was employed full-time
as a commercial airline pilot and worked part-time as a ski instructor. This avid outdoorsman was slim, trim
and fit. All that changed in 1987 when he was stricken with chronic debilitating fatigue, muscle atrophy
and a neurological condition that baffled specialists. By 1992, he had become completely disabled, was
wheelchair bound, had lost use of his arms and gained an excessive amount of weight. While the
medicos couldn’t come to agreement as to the exact nature of the problem, finally settling upon a
speculative diagnosis of ALS, they were in agreement about one thing: Jones’ condition was terminal. He
was working through what he'd been told would be the last six months of his life when he stumbled upon an
understanding of the source of his problem, and a way to turn it around. His search for solutions led him to
the realization that potent toxins, by-products of standard dental treatments, were essentially poisoning his
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system. Bob’s symptoms subsided, and his condition dramatically improved once his diseased jawbone marrow
and "silver," i.e. mercury, fillings were removed. Today he is completely mobile, moderately active and much
of the excess weight has been lost. However, Bob is quick to point out that his recovery has not been 100%.
While cavitation patients can indeed expect real and often substantial improvements, the fact remains that owing
to the duration and the severity of their chronic conditions a complete cure is an uncertain outcome..
Even before his recovery, Bob set out to develop an instrument designed to detect jawbone cavitations.
Since these lesions routinely elude detection through standard diagnostic procedures, the need for an
improved imaging device was apparent. As a design engineer with a background in sonar technology,
Bob was convinced from the onset that such an imaging device could be developed using sonography.
Six months after commencing the arduous task of "cleaning out" his jawbone, Bob had developed the first
working prototype of the CAVITAT™. There would be many design revisions and obstacles in his paths
in the years to follow, but he worked diligently to make his vision of a perfected CAVITAT™ the reality
it has now become.
The proprietary CAVITAT™ analog-to-digital circuitry has been awarded a patent substantiating 19 claims,
with an additional 22 claims pending on the flexible transceiver circuits and their advanced cross-channel
noise suppression technique. The device is unique in the sonography market in that it is engineered to image
only bone, not soft tissue. All other ultrasound devices do just the opposite: they show tissue but not bone,
and the image they display is 2-dimensional while the CAVITAT™ displays a relevantly color coded 3-dimensional image. Green, yellow and red colors reflect the degree of bone loss and necrosis while the 3-D images
can be rotated in the purpose-written WinCav software for a view from any angle. One image is generated
for each of the 32 tooth sites and all can be displayed on the computer screen simultaneously. This allows the
operator to see an overall picture and how one affected site can influence an adjacent one. Each of the
32 images is generated from the very rapidly multiplexed outputs of the 64 ultrasound sensors that comprise
the ultrasound receiver array, handheld within the mouth and against a tooth in question by the operator/dentist.
This high speed multiplexing results in images that change in real-time with the operator's movements of the
receiver probe thereby making possible the fine adjustments needed to acquire the most accurate image possible.
The new Generation 4 CAVITAT™ differs from its prototype precursor in many important respects. The
resolution has been increased 800%, making for much clearer images and enabling detection of smaller
cavitations. The Generation 4 is capable of detecting jawbone defects down to .030 inches in diameter.
By the end of 1999 Jones had introduced a limited number of the Generation 3 CAVITAT™ to a select number
of biological dental practices. These were prototype models used for field evaluation and feedback from the
dentists using the instrument provided the data necessary to make developmental improvements. The software
was totally rewritten and the result is a user-friendly, state-of-the-art precision instrument. It is this version of
the CAVITAT™ that is now being made available to doctors and dentists to assist them in diagnosis of
jawbone cavitations and other bony defects of the jaw. The instrument can be used in real-time conjunction
with a cavitation surgery, thereby enabling the surgeon to monitor progress being made in the removal of
diseased and/or necrotic tissue.
The significance of this technological breakthrough cannot be overemphasized as the success of cavitation
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surgery is dependent upon many variables; a major one being the extent to which necrotic tissue is removed.
Before the advent of the CAVITAT™ dentists were operating very much in the dark, unable to see the
full extent of the necrosis and therefore unable to remove all necrotic tissues. The result for many patients
was poor bone healing, unchecked spreading of osteomyelitic lesions and consequent need for repeat
surgeries. While excision of all diseased bone will not necessarily assure full recovery, it certainly does
improve the odds. Most patients have had jawbone cavitations for a number of years before they are
discovered. Consequently by the time treatment is initiated, a great deal of damage has been done. Dr.
Fischer had stated in, "Death and Dentistry," "It is only in the earliest stages of oral disease that arrest of
progressive infection seems possible." With the development of the CAVITAT™, early detection is finally
possible. It may be our only hope of reining in on this silent, insidious condition that appears to have taken on
epidemic proportions.
While thorough excision of osteomyelitic/osteonecrotic lesions is necessary in the treatment of cavitations,
surgery alone is often insufficient for the chronic cavitation patient due to the effects of the chronic toxic
assault these people have endured. An extensive detoxification protocol tailored to the individual's eliminative
capabilities, overall condition and basic constitutional fortitude is required. Effective nutritional support is
essential to rebuild bone, improve circulation, combat infection and chelate heavy metals.
While surgical treatment of cavitations falls within the domain of the dental profession, the metastatic
infection seeded by these lesions has systemic consequences that should be of interest to all physicians.
It is therefore imperative that every patient's history include questions about dental treatment. Remember that
any trauma to the jaw can be the beginning of cavitations.
The high-speed drill routinely used by dentists cracks enamel thus allowing bacterial toxins to penetrate
the dentine. There is evidence that such drills cause actual pulp damage. Drilling done then in preparation
of a tooth for routine fillings, crowns and bridges can be damaging to the jawbone. Root canals will
unquestionably cause cavitations sooner or later, as will routine extractions (where the socket is not
properly cleaned out i.e. all necrotic/infected bone is removed. The eclectic physician will not only want
to question his patients about these procedures, s/he will also want to be in a position to diagnose
jawbone cavitations or to refer patients to a dentist who is able to make such a diagnosis. Once the
diagnosis is made it is desirable that the dentist and doctor work together in initiating a treatment plan and
following up with the patient.
In working with the chronic cavitation patient it is imperative that the entire jawbone be considered and
examined, not just the site(s) of extractions. A mistake that is frequently made is to clean out (debride) new
extraction sites while ignoring old ones. If all necrosis is not removed, it will spread and it will ultimately
re-infect a new extraction site, even one that was properly debrided. Taking things a step further, it is
important to be aware that the spreading of jawbone cavitations is not confined to edentulous areas.
When the bone beneath an apparently "vital" tooth becomes affected/infected blood supply to that tooth is
greatly reduced and it begins to die. Neither oral exam, nor X-ray evaluation is likely to reveal a problem
with such a tooth. ElectroDermal Screening and muscle-testing might also miss the problem. The patient
however frequently has a sense of something being "not quite right" with the tooth. If he or she insists
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upon its extraction (usually against the advice of the dentist ) and manages to talk his/her dentist into
removing it, that dentist is counseled to carefully examine the extracted tooth. Chances are very good that
upon drilling into the pulp chamber s/he will find evidence of the death process. This evidence will likely
take the form of dryness as the blood supply has been severely hampered. I say all of this from personal
experience as my last 3 extractions were done at my insistence and against the initial protestations of
my dentist, who fortunately was open-minded and curious enough to drill open the pulp chambers of the
extracted teeth.
Dentists are taught to save the tooth at all costs. Frequently however, the price paid is the systemic
health of the patient. Dead and dying teeth can not remain in the jaw, even if they are not causing apparent
distress to the patient. If CAVITAT™ scan of the jawbone shows pronounced necrosis under a "vital"
tooth, please entertain the possibility that the tooth only appears to be vital and is in fact dying. Healthy
teeth do not grow within necrotic bone.
For the chronic cavitation patient, extraction can be both the beginning and end of his or her health
problems. An improperly done extraction, usually that of a wisdom tooth, is frequently the beginning of
problems that might go undetected for decades and finally resolved only by the proper extraction of most
or all of the remaining teeth along with removal of necrotic bone from edentulous areas and powerful yet
gentle systemic detoxification. Prevention and early detection are the keys to avoiding this outcome.
The CAVITAT™ imaging abilities provide us an accurate metric essential to early and effecive intervention.
Even so, the first step in any resolution cannot be other than an awareness of the problem's existence.
You have taken that step and are urged to take the next one.
Correspondence:
Susan Stockton, MA
10691 E. Bethany Dr., Suite 900
Aurora, Colorado 80014 USA
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I. Cavitation Overview
As recently as 1979, a newly described pain syndrome was reported by two
separate oral surgeons, Ratner and Roberts.i,ii This disorder wasn real new, for as
early as 1915, Dr. G.V. Black, the father of modern dentistry, described these lesions in
his pathology textbook,iii calling the condition chronic osteitis.
Dr. Black felt this bony inflammatory process had the unique ability to produce
extensive bone destruction without producing redness or swelling of the overlying
tissues, without causing an increase in the patient s body temperature, and often
producing no pain. He used the word cavity to describe these lesions within the bone
marrow cavities. He recommended surgical curettage as the only effective treatment.
Later this condition became known as osteonecrosis of the bone and was often a direct
result of osteomyelitis (chronic osteitis), or bone inflammation of the bone marrow.
In 1992, a paper written by oral pathologist Dr. Jerry Bouquotiv was instrumental
in changing the name to NICO (Neuralgia-Inducing Cavitational Osteonecrosis). In
other words, pain due to dead bone which mimics trigeminal neuralgia. However, not all
cavitations produce pain. Many are quiescent, lying dormant, like smoldering embers,
often for decades.
The concept of jawbone cavitations is not without controversy. For some strange
reason, many in the dental profession refuse to believe that these bony lesions even
exist. Yet, in the specialties of orthopedic and neurosurgery, internal medicine, and
podiatry, such lesions are a major problem to doctor and patient alike. At least 20% of
all hip replacements in the United States are due to osteonecrosis, so wouldn't it be
reasonable that the same disease could also affect the jaws?
Why many in the dental profession deny the existence of areas of dead bone in
the jaws remains a mystery. Perhaps your eyes only see what your brain knows (or
wants to know). After all, and like the hip, the mandible (lower jaw) and maxilla (upper
jaw), are medullary bones, meaning they contain bone marrow and produce blood cells.
Osteomyelitis of the jaws was a very serious and life-threatening disease until the
advent of antibiotics. Since then, such bony lesions have been treated with limited
success with antibiotics. However, unless the dead and dying bone tissues are
removed surgically, regardless of how much antibiotic is given, the problem remains.
We now know that many of those who develop jawbone cavitations may actually
have a genetic disorder, especially those who require multiple surgeries.
This information is provided for educational purposes only and is not meant to be, and should not be relied upon for,
recommendations regarding diagnosis or treatment for any individual case. It is not meant to be a substitute for proper medical care
by your doctor. You must consult with your doctor for diagnosis and treatment.
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II. Causes of Cavitations
The cause of cavitations is similar to the development of dead bony areas in the
head of the femur (the hip): blockages in the tiny blood vessels either by swelling of
those vessels or by the formation of blood clots due to a malfunction of one or several of
the many steps in the normal blood clotting reaction. Both of these conditions prevent
blood flow, thus robbing oxygen from areas of bone, causing bone death. This process
is similar to a stoke, blocking tiny blood vessels in the brain, or a heart attack, robbing
the heart tissues of oxygen, causing death around the blockage (termed an infarction).
In the jaws, we think this process of infarction plus the effects of chronic bone
inflammation from a dead or abscessed tooth, poor healing after surgery, or trauma to
the jaws are some of the causes of bone death and thus, cavitation formation.
Table 1 lists some of the suggested causes of jaw bone ischemia and infarction
taken directly from the scientific, medical literature, all of which may eventually
produce cavitations and if painful, NICO lesions.
Table 1: Factors suspected of causing cavitations in jaw bones.
Local Factors

Systemic Factors

Trauma

Steroid therapy

Chronic tooth infection

Hypofibrinolysis

Inadequate root canal treatment

Birth control pills

Bony infections/inflammation

Sickle cell diseases

Tooth extractions

Estrogen therapy

Swelling after oral surgery

Heavy smoking

Implants

Thrombophilia

Cortisone Injections

Systemic cortisone

Epinephrine in local anesthetics

Saline abortion

Restriction of blood flow

Systemic lupus erythematosus

.
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To date, we've isolated at least 74 causes or risk factors which cause cavitations
to develop. These factors apply to all bones, including the jawbones. Trauma and
infection are the primary triggering events for cavitation development, and no other
bones in the body come close to the amount of trauma and infection experienced by the
jaws from dental and periodontal infections, tooth extractions, root canals, effects of
local anesthetics, and from oral surgical procedures.
Although we ve isolated many probable causes of cavitations, the most common
seen at the TMJ & Facial Pain Center are:
$

Trauma, which may be from mild or severe direct blows to the jaws.

$

Persistent tooth infections. These may be as simple as a chronically
sensitive tooth after a dental restoration or a severe tooth infection, which
requires root canal therapy and oftentimes, subsequent extraction of the
tooth.

$

Surgical trauma. Next to a history of chronic tooth pain, we find bone
trauma from the simple removal of a tooth, periodontal or endodontic
surgery, or even major orthognathic surgery are very common with
cavitation patients.

$

Thromophilia and hypofibrinolysis. Thrombophilia (increased tendency
to develop blood clots [termed thrombi]) and hypofibrinolysis (reduced
ability to destroy blood clots) appear to contribute greatly to cavitation
formation and osteonecrosis (bone death) throughout the body. These
genetic blood coagulation disorders probably predispose certain people to
form blood clots, thereby preventing blood flow, which starves the bone of
oxygen.
We ve found that approximately 75% of our surgical failures are due to
one or both of these genetic disorders. Such high numbers partially
explain why osteonecrosis is such a difficult problem to treat, regardless of
where it may occur.

$

Antiphospholipid syndrome.
Adding further confusion to the
development and diagnosis of cavitations is the disease termed
antiphospholipid syndrome (APS). With this immune system disease,
blood clots develop within small arteries and veins because the body
actually makes antibodies against itself. Normally, our bodies
manufacture antibodies to destroy bacteria which invade us from the
outside. However, with APS, antibodies are manufactured and act against
the body, often producing blood clots and cavitations if the clots occur
within a bone.
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III. Symptoms of Cavitations
Cavitational lesions may produce no symptoms at all, especially if there is no
redness over the area or signs of drainage. However, these lesions can also produce
intense, trigeminal neuralgia-like symptoms,v,vi which cause suffering to such an extent
it s a wonder that patients can stand the pain and suffering.
There are established, characteristic referred pain patterns (Figure 1), which we
find very consistent in most symptomatic cavitation cases. In those patients with pain,
usually they have an underlying, constant dull aching. Along with this gnawing, deep
pain, often there s a sharp, shooting pain which, understandably convinces doctors that
the diagnosis is trigeminal neuralgia.

Figure 1: Referred pain patterns of jawbone cavitations.

A very common symptom we find is a sour, persistent drainage from the
cavitation directly into the mouth. This foul taste makes many patients and doctors alike
consider a diagnosis of sinusitis. Unfortunately, all the sinus surgery in the world will
not correct the problem if the sour fluid is draining from a area of dead bone: a jawbone
cavitation.
To confuse matters more, many patients report systemic symptoms like arm or
leg pain and generalized fatigue. We've seen several patients with chronic fatigue
syndrome which, once the cavitation lesion or lesions are removed, the chronic fatigue
and systemic symptoms are improved or even stopped.
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The typical cavitation patient B and this is horrible! B has had pain for
approximately 6 years! Can you imagine the amount of money, suffering, lost work,
damaged family relationships these people have experienced?
Are both the upper (maxilla) and lower (mandible) jaw affected with cavitations?
Dr. Bouquot conducted a study where he analyzed biopsy material from 2,301 cavitation
lesions. The maxilla was slightly more involved (51.5%) than the mandible (48.5%). In
a study of 500 consecutive surgical patientsvii in our office, we found similar results:
54.2% in the maxilla and 45.8% of cavitations in the mandible.
Needless to say, there is a problem, and these studies are based upon
microscopic examination of biopsy materials. Regardless of what one may believe,
cavitations are real and devastating.
Some of the more common symptoms of cavitation which we see are:


Deep bone pain, which is constant, but varies in intensity.



A sour, bitter taste, which often causes gagging and bad breath.



Sharp, shooting pain from the jaws which eludes doctors' diagnostic
attempts.



Chronic maxillary sinusitis, congestion and pain.



A history of a large filling being placed (or replaced), followed by pain,
root canal therapy, and ultimately, removal of the tooth.



Multiple root canals.



Endodontic surgery (apicoectomy).



Tooth extraction, including wisdom teeth, several years earlier.



Failed attempts to treat trigeminal neuralgia.

The most common scenario we see usually starts with a simple dental
restoration. The family dentist replaces an old restoration (filling) and the tooth
becomes sensitive, especially to cold temperatures. The doctor may replace the filling
again or several more times, but the sensitivity never improves. Then, in most cases,
the tooth is treated with a root canal. But guess what? The pain continues.
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Another doctor is consulted, only to have the tooth re-treated with root canal
therapy, but the pain persists, but is generally worse than in the beginning. Finally, out
of sheer desperation (by both patient and doctor), the tooth is extracted, only to have
the pain continue and intensify even more.
In this scenario, the finest dentistry was performed, but something went wrong. It
wasn t negligence by the dentist, but damage to the tiny vessels in the jaw around and
beneath the injured tooth. Assaulted by constant inflammation and swelling, an
infarction occurs in one or more of the tiny vessels, producing ischemia and ultimately,
bone death and cavitation formation (Figure 2).
Remember, cavitations can be completely painless, and this is not unique to
the jawbones. In other bones, such as the femur, often there is no pain even when
the bone destruction is extreme.

Figure 2: Diagram of cavitation lesions in the mandible.

This information is provided for educational purposes only and is not meant to be, and should not be relied upon for,
recommendations regarding diagnosis or treatment for any individual case. It is not meant to be a substitute for proper medical care
by your doctor. You must consult with your doctor for diagnosis and treatment.
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IV. Diagnosis of Cavitation Lesions
The diagnosis of cavitation lesions is complicated by the fact that x-ray
examination of the jawbones often appears normal . . . to the untrained eye.
Considerable diagnostic experience is required because changes in the bone are subtle
and can mimic a number of other entities, including variations of normal anatomy.
Why is this so? Osteonecrosis is a disease of the marrow spaces of bone and
30% to 50% of such bone must be destroyed before changes can be seen on x-rays.
So, if your dentist or oral surgeon takes an x-ray and pronounces the film normal in
spite of your symptoms, do not necessarily believe it. X-rays may be interpreted as
normal unless (1) there is a significant amount of bony destruction or (2) the doctor is
experienced in reading x-rays specifically for cavitations.
Although MRI (magnetic resonance imaging) is the imaging technique of choice
for long bones, flat bones of the face are not imaged well with MRI scans. CT scans are
also ineffective in locating most cavitations in the jawbones.
Bone scans using a radioactive isotope are somewhat helpful in locating
cavitations, but very difficult to interpret. Also, radiologists, not expecting these lesions
in jawbones, often note the lesions in their radiology reports, but interpret the results as
normal.
The best, most effective method to locate cavitations is the Cavitat bone
scanning device.viii This computer-based ultrasound imaging system was designed to
aid the medical community with a detailed profile of the interior of bones. The Cavitat
computer generates digitized two and three dimensional images of the interior of the
jawbones from sound waves passed through the bones.
Because liquid is a near perfect conductor of sound waves, when these waves
enter into voids or porosities in bone (areas that have compromised bone flow; i.e.,
cavitations), the sound waves slow down considerably, which produces images of the
interior of the bony area being scanned. We have found the Cavitat results to be very
accurate, especially when compared with patients' panoramic X-rays. Our diagnostic
results have improved dramatically. Most importantly, our surgical successes have
soared since we began using this technology.
For patients experiencing pain, diagnosis is further improved through anesthetic
confirmation or anesthetic blocking. By giving a local anesthetic injection (similar to
having your dentist numb the jaw before he or she performs a dental procedure),
cavitations in the jaws can be selectively turned-off, meaning the sense of feeling of
pain can be chemically and temporarily eliminated. If the pain goes away after the
injection, then we can be reasonably certain that there s a problem in the anesthetized
area, generating pain.
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V. Treatment of Cavitations
A few different modes of therapy are used today to treat cavitations:
•

Antibiotics. Prescribing antibiotics may temporarily reduce cavitation
pain, but due to a compromised blood supply to the region, not much of
the antibiotic can actually get into the bony lesion to be effective.

•

Injection of homeopathic remedies. This has become very popular
recently and some doctors inject specific homeopathic solutions directly
into cavitations. This will never work permanently because the dead bone
in the cavitation has no blood supply, which is required for normal healing
and removal of toxins.

•

Anticoagulant therapy. When a patient has a systemic clotting problem
and other risk factors, we often use specific anti-clotting medications (e.g.,
Coumadin and low weight heparin) to prevent any further clotting within
the blood vessels in the jawbones.

•

Hyperbaric therapy.

At times, hyperbaric therapy (placing a patient

within a chamber and increasing the atmospheric pressure, driving oxygen
into the tissues) may be used for treatment of osteonecrosis.
•

Surgery. The only effective way to treat moderate to severe (in size)
cavitations today is surgical curettage of the lesion itself, removing the
dead bone and bone marrow. This creates a good healing environment,
especially when used in conjunction with other therapies such as
nutritional supplements, boosting the immune system, and anti-clotting
procedures. All materials removed during surgery must be biopsied. The
only true way to diagnose cavitational lesions is by evaluating this material
through microscopic examination. Many bone disorders produce similar xray appearances to cavitations, so a biopsy is needed to confirm or deny
the actual diagnosis.

What about surgical failures? We're sorry to report that osteonecrosis has a
strong tendency to recur and/or develop additional lesions about 30% to 40% of the
time. Also, maybe 5% to 10% have no or little reduction of pain and about 15% have
moderate reduction of pain. Sadly, nearly 3% have an increase in pain after surgery.
Patients who don t respond to surgery often have multiple problems (for example,
a concurrent TMJ problem), may have to see other types of doctors, or, may never
totally respond regardless of what treatment modalities are performed. Sometimes we
have to see patients multiple times with several weeks between each surgery.
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If you're being treated by a doctor for a jawbone cavitation, make sure any
material removed during surgery is biopsied, including teeth. This is very important in
order to (1) establish the correct diagnosis and (2) to rule-out any other abnormalities
which may be in the bone.

What Can You Do?
If you or a loved one suspects a cavitational problem, what can you do? First,
allow no one, regardless of his or her number of degrees, to operate without first
proving the pain can be stopped with a local anesthetic injection. If the pain can t be
erased for a short time with a local anesthetic injection, chances are there s another
problem causing the pain.
Second, find a dentist who is both trained and experienced in the diagnosis and
treatment of cavitational lesions. Sadly, there are few such doctors worldwide today,
but we re making efforts to train more as soon as possible.
Third, request an ultrasound (Cavitat) examination. After using the Cavitat for
several years, I can't imagine treating patients without this remarkable and accurate
device. There are many fine doctors who treat cavitations who don't use the Cavitat,
but for me, I need the information I obtain from the scans. I credit this technology more
than any other procedure for the vast improvement in our surgical successes.
When finding a doctor, ask the receptionist the following questions when making
your consultation appointment:
1.

What type of training does the doctor having in treating cavitations?

2.

How long has the doctor been treating cavitations?

3.

What s his or her success rate? If you re told more than 90%, find another
doctor, or at least get another opinion.

4.

Who would the doctor suggest as a second opinion? If a doctor won't
provide the name or names of other doctors for a patient to visit for a
second opinion, then don't make an appointment. If the diagnosis is
correct in one office, it will be correct in other offices, too.

5. How does the doctor diagnosis cavitations? Does he or she use a ultrasound
(i.e., a Cavitat)? Anesthetic blocking? Panoramic radiographs?
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VI. Possible Post-Operative Complications
As with all surgical procedures, there are possible complications and risks.
Fortunately, with proper preparation, risks can be minimized. Concerning cavitational
surgery, some of the following are possible post-operative complications:
•

Pain;

•

Bruising;

•

Infection;

•

Swelling;

•

Partial improvement;

•

No improvement;

•

Worsening of the condition;

•

Damage to nerves (usually the inferior alveolar and mental nerves) which
may produce loss of feeling sensations temporarily or even permanently
through the distribution of the nerve;

•

Entrance into the maxillary sinus;

•

Injury to the temporomandibular joint;

•

The need to consult additional doctors;

•

Loss of one or more teeth;

•

Mutilation or damage to bony areas that may need to be treated with ridge
augmentation prior to any restorative procedures; and

•

The need to have the surgical procedure repeated.

Fortunately, rarely do any of these complications occur, but one considering
cavitational surgery is entitled to know possible complications so that he or she may
make an informed decision concerning surgical intervention.
Due to the anatomical complexities of the mandible and maxilla, these possible
post-operative complications must be weighted against the benefits of surgery. If your
12

doctor doesn't mention or won't talk about such possible complications, find a new
doctor.

VII. An Appointment With Dr. Shankland
If you'd like to be evaluated in Columbus by Dr. Shankland and his trained and
expert staff, please call our office (614-794-0033) during normal working hours Monday
through Wednesday and Thursday until 1:00 P.M. Eastern Time.
If you're traveling more than three hours or coming from a distant state or foreign
country, please plan to stay in Columbus for at least three days. Our office has made
arrangements with several fine hotels (with various room rates) for our patients. A
couple of the hotels even provide shuttle service to and from the airport, to and from our
office, and to and from stores and attractions in the Columbus area.
Generally, the first day's appointment lasts approximately two hours and its sole
purpose is too determine an accurate diagnosis and plan for any definitive treatment.
Please bring the following with you at the first appointment:
•

The completed personal history form mailed to you with this booklet;

•

Good copies of any x-rays, especially panoramic x-rays

•

A list of all your allergies and other medical problems (if any);

•

A list of all current medications which you're taking; and

•

An expectant attitude that you, too, can be helped!

The second day we operate if necessary. All post-operative items (except
prescription medications) will be supplied by our office. Usually the surgical procedures
take 2 to 3 hours and are performed under local anesthesia and oral sedation (if
necessary).
The third day is used for re-evaluation of your symptoms and post-operative
inspection of the surgical site. This appointment takes but a few minutes and you may
even plan to leave for home immediately after the third appointment, whether by car or
plane.
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History and Overview
Cavitations or NICO lesions are hollow places in jaw bones. These hollow areas may never cause pain or
a problem. However, cavitations can produce trigeminal pain, headaches, and facial pain. Cavitations are
common in all bones that have bone marrow. Many cavitations linger for years without producing facial
pain.
Most people know what we mean when we
say cavity, but the word cavitation is
confusing. Both of these words come from
the same root word meaning hole. A cavity
is a hole in the tooth, whereas a cavitation is
a hole in bone. Unlike most tooth cavities,
bone cavitations can't be detected by simply
looking at the bone, and even using x-rays,
many cavitations are missed. The termed
cavitation was coined in 1930 by an
orthopedic researcher to describe a disease
process in which a lack of blood flow into
the area produced a hole in the jawbone
and other bones in the body. Dr. G.V.
Figure 1: Diagram of cavitation lesions in the mandible.
Black, the father of modern dentistry,
described this cavitation process as early as
1915 where he described a progressive disease process in the jawbone, which killed bone cells and
produced a large cavitation area or areas within the jawbones. He was intrigued by the unique ability of
this disease to produce extensive jawbone destruction without causing redness in the gingiva (gums), jaw
swelling, or an elevation in the patient's body temperature. Essentially, this disease process, which
produces osteonecrosis (dead bone) is actually a progressive impairment which produces small
blockages (infarctions) of the tiny blood vessels in the jawbones, thus resulting in osteonecrosis, or areas
of dead bone. These dead, cavitational areas, which produce pain, are now called NICO (Neuralgia
Inducing Osteonecrosis) lesions (Figure 1). In his book on oral pathology, Dr. Black suggested surgical
removal of these dead bone areas.

Symptoms of Cavitations
Cavitational lesions may produce no symptoms at all, especially if we find no redness over the area or
signs of drainage. However, these lesions may also produce intense, trigeminal neuralgia-like symptoms,
which cause suffering to such an extent that it’s a wonder patients can stand the pain and suffering.
There are established, characteristic referred pain patterns (Figure 1), which we find very consistent in
most symptomatic cavitation cases. Patients with pain usually have an underlying, constant dull aching.
Along with this gnawing, deep pain, often there’s a sharp, shooting pain, which, understandably, convinces
doctors that the diagnosis is trigeminal neuralgia.
A very common symptom we find is a sour, persistent drainage from the cavitation directly into the
mouth. This foul taste makes many patients and doctors alike consider a diagnosis of sinusitis.
Unfortunately, all the sinus surgery in the world will not correct the problem if the sour fluid is draining from
areas of dead bone, namely, a jawbone cavitation
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Some of the more common symptoms of cavitations are:
•
•
•
•
•
•
•
•
•
•

Deep bone pain and pressure, which may be constant but vary in intensity
A sour, bitter taste, which often causes gagging and bad breath
Sharp, shooting pain from the jaws, which eludes doctor’s diagnostic attempts
Chronic maxillary sinusitis, congestion and pain
A history of large dental fillings followed by pain, root canal therapy, and ultimately, removal of the
tooth
Multiple root canals
Endodontic surgery (apicoectomy)
Difficult tooth extraction, including wisdom teeth, several years earlier
Post-operative complications, especially the development of a dry socket
Failed attempts to treat trigeminal neuralgia
To confuse matters more, many patients report systemic symptoms like arm or leg pain and generalized
fatigue. We’ve seen these systemic symptoms improve, or completely resolve, once the cavitation (or
cavitations) is removed. The same has been seen in some chronic fatigue cases.
The most common scenario we see usually starts with a simple dental restoration. The family dentist
replaces an old restoration (filling) and the tooth becomes sensitive, especially to cold temperatures. The
doctor may replace the filling again or several more times, but the sensitivity never decreases. Then, in
most cases, the tooth is treated with root canal therapy. But guess what? The pain continues. Another
doctor is consulted, only to have the tooth re-treated with root canal therapy, but the pain persists . . .
generally worse than in the beginning. Finally, out of sheer desperation (of both patient and doctor), the
tooth is extracted, only to have the pain continue and intensify.
In this scenario, the finest dentistry was performed, but something went wrong. It wasn’t neglect by the
dentist but damage to the tiny vessels in the jaw around and beneath the injured tooth. Due to the
constant inflammation and swelling, an infarction occurs in one or more of the tiny vessels, producing
ischemia and, ultimately, bone death and cavitation formation (Figure 2).
Remember, cavitations may be completely painless. This is not unique to the jawbones. In other bones,
such as the femur, often there is no pain even when the bone destruction is extreme.

Location of Cavitations

Table 1: Common locations of NICO lesions.

Figure 2: Referred pain patterns of NICO lesions.

In the last several years, the term cavitation has been used to describe various bone lesions which appear
both as empty holes in the jawbones and holes filled with dead bone and bone marrow. In Table 1,
common locations of NICO lesions are listed. Note that the most common locations overall are areas of
wisdom teeth (third molars).
Often, these NICO lesions take years to develop, usually producing few if any symptoms . . . for a while.
Then, generally for unknown reasons, pain in the jaws, face, head and neck may develop. There are
characteristic referred pain patterns, which generally confuse patients and doctors alike (Figure 2).

Current Research
The results of recent research of Dr. Boyd Haley (former Chairman, Department of Chemistry, University
of Kentucky) show that ALL cavitation tissue samples he's tested contain toxins, which significantly inhibit
one or more of the five basic body enzyme systems necessary in the production of energy. These toxins,
which are most likely metabolic waste products of anaerobic bacteria (bacteria which don't live in oxygen),
may produce significant systemic effects, as well as play an important role in localized disease processes,
which negatively affect the blood supply in the jawbone. There are indications that when these toxins
combine with certain chemicals or heavy metals (for example, mercury), much more potent toxins may
form.

Systemic Problems Associated With NICO Lesions
Researchers early in the 20th century and now recently have been concerned with systemic diseases
caused by a primary problem (a focus of infection). The focal theory of infection fell out of favor with
medical and dental doctors after the advent of antibiotics, but may researchers today believe that in spite
of antibiotics, the focal theory of infection is alive and well. Ask and veterinarian doctor, and he or she will
immediately agree that the focal theory of infection is a great concern of theirs.
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Many researchers today believe that NICO lesions are the focus of various infections which may spread
throughout the body. In the last few years, some of the most surprising medical news has been the
discovery that bacteria from the mouth appear to be very influential in causing various heart, liver and
kidney problems. If you have a joint implant or mitral valve prolapse, your dentist must prescribe an
antibiotic before any dental treatment. Why? Because bacteria from the mouth can spread through the
blood to cause serious problems elsewhere in the body. Could the toxins from NICO lesions do the
same?

Initiating, Predisposing, and Risk Factors for NICO
There are many initiating, predisposing, and risk factors associated with cavitational lesions. It's likely that
a combination of these factors present in a someone may influence the occurrence, type, size, progression
and growth patterns of a cavitational bone lesion.
Initiating Factors: Probably the major initiating factors are dental trauma, which produce physical,
bacterial, and toxic components, as described below.
Table 2: Dental traumas (initiating factors) associated with cavitational bone lesion development.
Physical Trauma

Bacterial Trauma

Toxic Trauma

Tooth Extractions

Periodontal Disease

Dental Materials

Dental Injections

Cysts

Root Canal Toxins

Periodontal Surgery

Abscesses

Anesthetic by-Products

Root Canal Procedures

Root Canal Bacteria

Anesthetic Vasoconstrictors

Grinding and Clenching

Non-vital (dead) Teeth

Chemical Toxins

Electrical Trauma from
Dissimilar Metallic
Restorations

Improper Removal of
Periodontal Ligament after
Tooth Extraction?

Bacterial Toxins

Heat from High Speed
Drilling

Infected Wisdom Teeth

Other Toxins

Predisposing Factors: There are many predisposing factors and no doubt, many more will be
discovered. Most of the known predisposing factors include:
blood clotting disorders such as
thromophilia, hypofibrinolysis, or others; age -- evidence suggests that as many as 11% of older persons
may have major or complete blockage of arteries feeding the jaws or of the smaller arterioles within the
jaws themselves; radiation or chemotherapy for cancer; rheumatoid arthritis; lymphoma or bone dysplasia;
changes in atmospheric pressures in occupations; osteoporosis; systemic lupus erythematosis; sickle cell
anemia; homcystinemia; Gaucher's disease; hyperlipidemia; hemodialysis; gout; antiphospholipid antibody
syndrome; physical inactivity (bedridden); and deficiencies of thyroid or growth hormones.
Risk Factors: There are many risk factors which greatly increase the probability of the development of
cavitational lesions, especially in the occlusion or blockage of tiny blood vessels within the jawbones. The
most common risk factors are: heavy smoking; high and long-term cortisone usage; pregnancy; estrogen
use; alcoholism; and pancreatitis. Undoubtedly, there are many other risk factors.
Wisdom Teeth Sites: Research findings indicate that 45% to 94% of all cavitational lesions are found at
wisdom teeth extraction sites. These areas are anatomically predisposed to develop these bony lesions
because they contain numerous tiny blood vessels which are apparently, easily damaged from trauma
(oral surgery in these areas) and osteonecrosis can easily develop. Also, many local anesthetic injections
are given in the wisdom tooth areas and many of the local anesthetic solutions contain vasoconstrictors
(especially epinephrine) which is used to intentionally close or shut-down the blood supply to the bone,
teeth and gingiva to prolong the effects of the anesthetic and reduce bleeding. The actions of closing
down the blood supply to these wisdom tooth areas may be a major cause for NICO development.
Top

The Appearance of NICO Lesions
Figure 3: Gross appearance of NICO lesions. Note that at least 4 lesions are visible. IAN: inferior
alveolar nerve.
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Cavitational lesions are difficult to discover. On most xrays, unless the doctor is specifically trained, these bony
lesions are usually missed.
Gross examination of NICO lesions are shown in Figure
2. Note the large nerve, the inferior alveolar, as it travels
through and between NICO lesions.
Dental students and residents spend a lot of time
learning to properly read x-rays of all types. A very
useful x-ray view in dentistry is the panoramic
radiograph.
Unfortunately, all of us were trained to read certain irregularities as normal! We now know that these
irregularities on panoramic x-rays are quite often cavitational lesions.

Figure 4: A normal panoramic x-ray?

See the panoramic x-ray above (Figure 4)? Most
dentists, oral surgeons, radiologists, and other
doctors would read this x-ray as normal.

Figure 5: NICO lesions in left posterior mandible.

Now, look again at the same x-ray, but with lines
drawn to the NICO lesions (Figure 5).

This 44 year old lady had left lower jaw pain for a couple of years, after the last two molars were treated
with large fillings, then root canals, and then removed. She also had a slow drainage into her mouth which
produced a sore throat. Unfortunately, this lady saw at least 8 doctors (a dentist, 2 oral surgeons, a
periodontist, an endondontist, 2 ENT physicians, and a family physician) and all could find nothing and
even suggested she consult a psychologist!
Here's another interesting case. This is a 47 year-old business woman who has had extensive and good
dental treatment. Her wisdom teeth were taken out when she was 14 years old and the surgery was
difficult. When she was first married at age 18, she took birth control pills for only a few weeks because
she developed phlebitis in the deep veins of her legs. When she was 45 or 46, she began experiencing
deep aching pain in her lower right jaw. There was no swelling, but she complained of a terrible, sour
taste.
Look at Figure 6. This is her panoramic x
-ray. From the looks of this x-ray, there
appears to be nothing wrong, yet she had
continual deep aching pain in the right
lower jaw, a sour taste and no teeth
which seemed painful or sensitive.

Figure 6: An apparently normal panoramic x-ray.

Figure 7 is a copy of this lady's Cavitat or ultrasonic scan of her lower right jaw. Tooth #28 was removed
years earlier for othodontic reasons.
Note the red, yellow and brown colors in the areas of teeth numbers 29 through 32. These colors indicate
areas in the bone of reduced blood flow or dryness, or in other words, a cavitation or cavitations. When
this lady's lower jaw was numbed with a local anesthetic, all her pain subsided, but her sour taste
persisted. This, along with her symptoms and Cavitat scan, indicated that she had a cavitation in the
areas of teeth numbers 29 through 32.
Figure 8 is a picture during surgery of this area. Note the large, void area in the jaw bone. This cavitation
area was present within the bone and not created by Dr. Shankland. The two last molars were removed,
but the cavitation is lateral to the teeth. Her surgery was difficult and she had minor nerve damage for a
few weeks. But today, more than four years after the surgery, she's pain-free and no longer has a sour
taste in her mouth.
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Figure 7: Ultrasound (Cavitat) scan of lower right jaw.

Figure 8: Cavitation in lower right jaw at surgery.

Not to belabor the point, look at Figure 10, which shows yet another case. Is there any doubt that there's a
hole in this lady's upper jaw? At this point, only the gum tissue was lifted up; no bone was removed. This
lady had constant upper jaw pain, pressure and a sour taste in her mouth. She was diagnosed with
trigeminal neuralgia and scheduled for brain surgery. This bone lesion went clear through her jaw into her
palate and up into the floor of her nose.

Figure 10: Cavitation in upper jaw of 58 year-old woman.

In one last case, this lady had undiagnosed right facial pain for years. She complained of a sour taste at
times and when the sour taste wasn't present, she'd have intense pressure in her right jaw. Figure 11
shows her ultrasound or Cavitat scan. Note the red area in the area of #31 and as it extends into the area
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of #30. Again, this shows an area of ischemia, or reduced blood flow, which is actually a jaw bone
cavitation.

Figure 11: Cavitat scan of lower right jaw.

Figure 12 shows a panoramic x-ray of this same patient. If you look closely at the x-ray, it will look normal
and you'll not be able to see any abnormality. Yet, look at Figure 13, a picture taken after an incision was
made and nothing else done at the surgical site. Look at the large cavitation at a former extraction site.

Figure 12: Panoramic x-ray of the same patient shown in Figure 11.

Figure 13: A cavitation visible after an incision and the gingival tissue is retracted. This is a former
extraction site.
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Figure 14: The same cavitation with the bony roof removed..
Now, look at Figure 14, a picture of the same patient with the roof of the cavitation removed for access to
surgically repair the area. Isn't that amazing? Several fine doctors couldn't diagnose this lady's problem
and most thought she was crazy! Fortunately, she's doing fine with no further pain, sour taste and
pressure and no nerve damage after the surgery.

Diagnosis of Cavitations
The diagnosis of cavitation lesions is complicated by the fact that x-ray examination of the jawbones often
appears normal . . . to the untrained eye. Considerable diagnostic experience is required to detect
disorders that mimic cavitations, including variations of normal anatomy.
Why is this so? Osteonecrosis is a disease of the marrow spaces of bone and 40% to 50% of such bone
must be destroyed before changes can be seen on x-rays. So, if your dentist or oral surgeon takes an xray and pronounces the film normal in spite of your symptoms, don’t necessarily believe it. X-rays may be
interpreted as normal unless (1) there’s a significant amount of bony destruction or (2) the doctor is
experienced in reading x-rays specifically for cavitations.
Although MRI (magnetic resonance imaging) is the imaging technique of choice for long bones, flat bones
of the face are not imaged well with regular MRI scans. CT scans are also ineffective in locating most
cavitations in the jawbones.
However, we've discovered that using the technique of MRI STIR imaging (Figure 15) is very effective and
accurate in locating areas of bone marrow edema (swelling) and ischemia (areas of reduced oxygen).
Both of these conditions can and do lead to the formation of cavitations.

Figure 15: MRI STIR image. The cavitation is the larger white area on the right side of the picture.

Bone scans using a radioactive isotope are somewhat helpful in locating cavitations but very difficult to
interpret. Also, radiologists, not expecting these lesions in jawbones, often note the lesions in their
radiology reports but interpret the results as normal.
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Figure 16: Bone scan using tech 99 radioisotope. The cavitation is the darker area in the lower right
front.

The best, most effective method to locate cavitations is the Cavitat bone scanning device (Figure 17). This
computer-based sonar imaging system was designed to aid the medical community with a detailed profile
of the interior of bones. The Cavitat computer generates digitized two and three dimensional images of
the interior of the jawbones from sound waves passed through the bones.

Figure 17: Cavitat scan.
Because liquid is a near perfect conductor of sound waves, when these waves enter into voids or
porosities in bone (areas that have compromised bone flow; i.e., cavitations), the sound waves slow down
considerably, which produces images of the interior of the bony area being scanned. We’ve found the
Cavitat results to be very accurate, especially when compared with patients’ panoramic x-rays. Our
diagnostic results have improved dramatically. Most importantly, our surgical successes have soared since
we began using this revolutionary device.
Therefore, since both MRI STIR imaging and ultrasound imaging (Cavitat) are so effective and accurate
(Figure 18), since November of 2003 we're been using both imaging techniques with most patients. Using
both of these diagnostic tests have helped improve our diagnostic abilities and better yet, have improved
our overall success rate in treating cavitations of the jaws.

Figure 18: MRI STIR image and Cavitat scan of the same area,
both demonstrating a cavitation in the same area.
For patients experiencing pain, diagnosis is further improved through anesthetic confirmation or anesthetic
blocking. By giving a local anesthetic injection (similar to having your dentist numb the jaw before he or
she performs a dental procedure), pain in the jaws can be selectively turned-off, meaning the sense or
feeling of pain can be chemically and temporarily eliminated. If the pain goes away after the injection, then
we can be reasonably certain that there’s a problem in the anesthetized area, generating pain.

Recommended Treatment of Cavitational Lesions of the
Jaws
The only treatment available at this time to remove cavitational lesions is surgical removal. Some have
attempted to inject homeopathic remedies or ozone into these areas of dead bone, but unfortunately,
there's no blood circulation within cavitational lesions, so any medications, drugs, or remedies can't get
into and permeate these lesions, let alone allow toxins and metabolic products to be removed.
Homeopathic remedies certainly have their place in NICO treatment, especially in healing after surgical
removal of the lesions themselves.
The surgery basically consists of making an incision, exposing the bony defects, and scraping them clean
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(termed debridement) to remove all unhealthy bone and other pathological problems like abscesses and
cysts. It's not sufficient to simply punch a hole in the bone and rinse the area out, like some doctors
recommend. In fact, treating these expanding bony lesions in such a conservative fashion often makes
the lesion and subsequent pain much worse.
After removing the dead bone and other pathological products, the goal in healing is bone regeneration.
But first, if possible, we remove all predisposing and risk factors.

What Can A Patient Do?
If you think you might have a NICO lesion, what can you do? First, find a doctor who understands this
disease process; one who is trained in effectively diagnosing and treating these bony problems.
Unfortunately, there are precious few such doctors in the world and very few in North America at this time.
If you're experiencing pain, don't allow anyone to operate without first proving where your pain originates.
This is done most effectively by closely evaluating x-rays and using diagnostic anesthetic injections to
actually turn-off the suspected NICO areas to see if the pain is turned-off. There are characteristic
referred pain patterns of NICO lesions and there are also characteristic responses to local anesthetic
testing. Find a doctor who knows about these characteristic patterns and realize that most doctors who
treat orofacial and TMJ pain know nothing about NICO lesions.
Be certain that the doctor obtains Cavitat scans, MRI STIR imaging, or both in the process of diagnosing
your problem. Both of these imaging tests give us a view of the size and extent of cavitations and can also
indicate if surgery is truly needed or not.
Keep watching this site as we have many new and exciting things soon to come out about NICO lesions.
For more information about NICO lesions and other orofacial pain problems which are often misdiagnosed,
see Dr. Shankland's latest book, Face The Pain.
Dr. Shankland consults and treats NICO, orofacial, and TMJ patients. However, to be in compliance with
and cooperate with the Ohio State Dental Board, potential patients must understand that currently, the
diagnosis and treatment of osteocavitations is considered experimental and alternative. Further, if you
would like to consult with Dr. Shankland concerning this disorder, you first must have a referral from a
physician in order to be seen by Dr. Shankland.
If you have any questions, please call Dr. Shankland's office ( 614-794-0033 ) and ask for the NICO
Information Packet to be sent to you free of charge. You can also consult with Dr. Shankland. If you'd like
to know more about Dr. Shankland, click on Biography.
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Introduction

C

hronic undiagnosed pain of the face
and head frustrates both patient and
doctor. Each of us has a 24.3% risk of
developing chronic facial pain by age 50
and a 33.8% risk by age 70,1 yet only 46%
seek treatment.2 In 1995, the cost of chronic
orofacial pain was estimated to be more
than $32 million per year.3 Undoubtedly,
the cost is much higher today.

Dental surgeons in the United States
accepted the idea of cavitations causing
trigeminal neuralgia in the 19th century.7,8
In 1915, G.V. Black, the father of modern
dentistry, wrote an entire section in his
eloquent pathology textbook9 on this
subject and termed this condition chronic
osteitis. It was revisited later in this century
by British neurosurgeon Sir Wilfred
Harris,10,11,12 in America by Thoma,13 a
well-known and very respected oral and
maxillofacial surgeon and by Box,14 a
Canadian oral pathologist. Recently, this
theory has been gaining acceptance in the

proposed the term neuralgia-inducing
cavitational osteonecrosis (namely, NICO)
as a more descriptive name for cavitations
that produce jaw pain.

Etiology of Cavitations

C

avitations of the jaws are caused by
a variety of predisposing local and
systemic factors as listed in Table 1. To date,
there are at least seventy-four (74) known
risk factors for ischemic bone disease and
One of the most devastating and
each one may influence the development
incapacitating pain disorders of the
of hip osteonecrosis, jaw cavitations or
face is trigeminal neuralgia,
osteonecrosis in virtually any
or classically known as tic
ental surgeons in the United States accepted the bone. Should one be surprised
douloureux.
Unfortunately,
idea of cavitations causing trigeminal neuralgia that such inflamed or necrotic
dentists and physicians are
areas of the bone marrow of the
in the 19th century.7,8
trained to diagnose facial pain
mandible or maxilla develop
as trigeminal neuralgia if the
when the oral cavity is so
5,6,15,16,17
18
United States (again),
Germany,
patient reports sharp, shooting, electrical Russia,19 China20,21,22 and throughout most potentially pathologic and dental surgeons
pain or even deep aching, constant pain of the world. The concept of cavitations is perform invasive procedures, only to dismiss
of an unknown origin. Sadly, doctors, supported voluminously by the orthopedic the patient from the office with a gaping,
regardless of degree, do not distinguish literature, including an entire book devoted open wound which exposes the bone marrow
between typical and atypical trigeminal completely to the subject of osteonecrosis.23 of the jaw to the microbes and debris of the
neuralgia and such an error may very Therefore, most physicians, although mouth? No other type of surgeon would
well destin a patient to inappropriate and
they may not understand the intricacies of even consider such post-operative care.
unnecessary invasive procedures.4 There ischemic bone disorders, accept the concept At the very least, the jaws are unique in
are several theories concerning the cause without hesitation. Dentistry, on the other that they possess small structures which
of such severe facial pain. One theory, hand and for some unknown reason, has may die, develop abscesses and provide a
the peripheral theory, states
direct route to the underlying
that a low-grade, chronic,
and surrounding bone marrow:
here is a growing controversy in dentistry
intraosseous infection near
today concerning endodontic therapy (i.e., root teeth. Osteonecrosis of the
a branch of the trigeminal
jaws occurs in approximately
canals) of dead teeth.
nerve may produce neuronal
the same frequency as it does in
degeneration or demyelination
the hip, but unlike the jaws, the
arrogantly rejected even the thought of
producing inappropriate nociceptive the existence of jaw bone cavitations. hips do not have the disadvantage of teeth
signals to the central nervous system.4,5,6 Perhaps such intellectual suicide permeates embedding in them.
These bony infections have come to the dental profession because so many
be known as cavitations in the general cavitations develop in conjunction with
There is a growing controversy in
population. To the medical community, teeth treated with root canal therapy, yet dentistry today concerning endodontic
these bony lesions are a result of ischemic this is just one cause of these disorders.
therapy (i.e., root canals) of dead teeth.
bone disease, which includes osteoporosis,
Many feel that such dental treatment has
osteomyelitis, osteonecrosis and other
These jawbone cavities or lesions have saved millions of teeth and has maintained
bone disorders. Pure and simple, these been described in the literature as jawbone the ability of many to chew effectively,
cavitations are cavities within the jaw cavities,2,3,17,24,25,26 osteocavitation lesions,27 and they are correct. However, what other
bones (Figure 1), although they occur in pathologic bone cavities,28 odontogenic discipline in medicine purposely leaves
every bone in the body that contains bone trigeminal
neuralgias,16
alveolar dead objects in the body and expects no
marrow. Ischemic bone disease is not an cavitational osteopathosis,29 trigger-point morbidity? In addition, is it coincidental
actual disease in and of itself. Rather, it is a bone cavities,25 Ratner bone cavities,27 that so many develop jaw bone cavitations
result of many local and systemic events or Roberts
bone
cavities,27 intrabony in the same areas where endodontic
disorders that ultimately lead to ischemia mandibular pathosis,30 and cavitational therapy has failed?
and infarction of the bone marrow.
bone defect.31 However, Bouquot et al32
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“CAVITATIONS” CONTINUED...
Regardless of the local or systemic
etiologies of cavitations, the overall
problem is intravascular coagulation within
the small vessels in bone marrow producing
bone marrow edema. This compromised
medullary blood flow and subsequent
edema produce intraosseous pressure,
causing vessel collapse, stagnation of blood
flow, thrombus formation with the eventual
development of ischemia. Unresolved
ischemic conditions ultimately produce
the most devastating of the ischemic bone
disorders: osteonecrosis (Figure 2).
The most common areas of cavitation
formation are the molar areas and
specifically, the third molar areas. These
are areas furthest from the heart with turgid
and slowed blood flow. The same is true
for osteonecrosis of the femur or tibia: the
areas further from the heart are the more
common regions for ischemia.
There is also a high percentage of
cavitation formation below and around
root canal treated teeth and especially areas
of teeth that have undergone failed root
canal therapy and continual pain after oral
surgery, especially if alveolar osteitis (i.e.,
dry socket) develops after tooth extraction.
Most teeth treated with endodontic therapy
fail because of the inability to adequately
cleanse all microorganisms from the
root canal system.33,34,35 Such chronically
inflamed areas around the roots of these
teeth produce ischemic conditions,
oftentimes with subsequent cavitation
development.34

Figure 1:

Diagram of jaw bone cavitations in the mandible. Note the fistula and the
secondary cavitation (NICO). From: Shankland, WE: “Common Causes
of Non-Dental Facial Pain.” Gen Dent 1997;45(3):246-252. Used with
permission.

Symptoms

T

he symptoms of jaw bone cavitations
are: (1) a history of undiagnosed facial
and cervical (neck) pain, often diagnosed
as trigeminal neuralgia; (2) a history
of tooth extraction; (3) the presence of
trigger areas; (4) the history of alveolar
osteitis (dry socket)36; (5) the history
of endodontic therapy and, (6) normal
radiographic findings. Patients suffering
jaw bone cavities will have a history of
tooth extraction perhaps years before their
pain complaints begin. The pain radiates
in specific patterns and may even radiate
into the shoulders, neck and arms.37
“CAVITATIONS” CONTINUES on NEXT PAGE
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Figure 2:

Simplified diagram suggesting that persistent transient ischemia in bone
marrow may be the etiological factor in the development of bone marrow
edema, which may resolve, or the development of osteonecrosis (cavitation).
From: Shankland, WE; Bouquot, JE: “Focal Osteoporotic Marrow Defect:
Report of 100 New Cases With Ultrasonography Scans.” J Craniomand Pract
2004; 22:314-319. Used with permission.
Cavitat Medical Technologies, Emory, TX
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available to dentistry today to aid in the
diagnosis of cavitations is a specialized
ultrasound device, the Cavitat. In February
2002, this type of bone sonography, when
used in conjunction with a panoramic
radiograph, was cleared by the U.S. Food
and Drug Administration for the express
purpose of evaluating the wetness (i.e.,
blood perfusion) and density of the
medullary bone of the jaws. The Cavitat
instrument uses a through transmission
technology rather than the reflected

The clinical diagnosis is most accurately
confirmed by histological examination
Trigger areas are found intraorally and
of the tissue samples removed from the
when compressed with finger pressure,
cavitation sites at the time of surgery.
may reproduce specific pain patterns.
There is no question that tissues removed
Unfortunately, this orofacial pain is
from cavitation lesions are abnormal.32
most often misdiagnosed as trigeminal
Generally, histological evaluation of the
neuralgia.4,17,25-32
samples reveals bone marrow fibrosis,
lymphocytic infiltration, and/or necrotic
Another common complaint of those
bone chips. Usually, there is very little
suffering with osteocavitations of the
evidence of osteoclastic activity, new
jaws is a distinct sour or putrid taste. This
bone formation, or bone repair. Unlike
is simply necrotizing bone
osteomyelitis, neutrophils are
marrow escaping through a
ost teeth treated with endodontic therapy fail almost never associated with
drainage tract into the mouth.
cavitation. Perhaps the most
because of the inability to adequately cleanse unique histological aspect of
Such drainage often produces
33,34,35
a chronic sour throat, gastritis, all microorganisms from the root canal system.
cavitations is the absence of
irritable bowel symptoms and
new bone formation or healing;
signals of other ultrasound instruments this is not the case with osteomyelitis.43
diarrhea.
used in medicine. Normally hydrated bone Also, osteomyelitis usually contains foci of
Probably the most striking and confusing and water conduct sound waves in a similar isolated suppuration and exhibits a clinical
symptom of the presence of osteocavitation fashion. Sound waves traveling through course of acute exacerbations followed by
lesions is normal radiographic findings. regions of diminished bone hydration, periods of quiescence. The painful type
Bender and Seltzer38,39 and Schwartz and reduced density or intramedullary of cavitations, NICO, lacks these painless
Foster40 have demonstrated that lesions cavitations (i.e., an air space void of periods; NICO is intensely painful without
may be present in bone, both mandibular hydration) are reduced in intensity, thus suppuration.
and maxillary, which are not visible on registering on the receiver with less intensity
42
radiographs until there is at least 45% than waves traveling through normal bone.
Treatment
Sound
impulses
are
converted
into
digitized
to 50% loss of bone. Initially, clinicians
he only treatment for later staged
have difficulty visualizing subtle loss of graphs, generated as 2-dimensional or 3dimensional
images.
cavitations is surgery and therein lies
bone density, which may well indicate
a clinical problem. The earliest
a cavitation, on panoramic
radiographs. This is perhaps
here is no question that tissues removed from lesions, grades 0 through 2,
may be treated conservatively
the chief reason why most
cavitation lesions are abnormal.32
with supplements, antibiotics,
dentists reject the idea of
injections of ozone and
jaw cavitations, because they
homeopathic
remedies or infrared reported
can not see these lesions on radiographs,
This unique instrument generates
as
being
efficacious.
The problem is this:
therefore, to them, they do not exist.
27,000 sound pulses per microsecond.
lesions
of
grades
0
through
1 are rarely
Teeth have the same characteristics as
painful
and
therefore,
rarely
detected
and
bone; therefore, unlike on radiographs, the
Diagnosis
subsequently
not
treated
in
these
early
teeth and bone are not visible as separate
ccording to Bouquot and LeMarche, structures. Each 3-dimensional color- stages. Once a lesion reaches the grade of
cavitations are infamous for their coded image represents a 1:1 cm2 area a late 2 or higher, the ischemic conditions
lack of obvious radiographic changes exposed to the ultrasonic signal. Up to 32 (and therefore, lack of blood flow through
until extensive destruction has occurred.41 individual exposures can be made of the the lesion) negate any benefits from such
Plain MRI scans are not fully revealing, alveolar bone: eight in each quadrant, each conservative therapies.
but MRI STIR imaging and thermography representing a specific tooth site.
The most effective conservative therapy
show great promise in identifying these
this
author has witnessed is the use of
lesions. In addition, bone scans with
Each 3-dimensional image shows 64
radioisotopes such as technetium show colored columns or data points, each supplements that either decrease platelet
radioisotope uptake or “hot spots” at corresponding to 1/64th of the intraoral aggregation or increase the luminal size
the sight of cavitations, but facial bone receiver. Good sound transmission shows of the small vessels in the bone marrow,
scans are difficult to interpret and these as green, with attenuated transmissions or both. Table 2 lists several of the more
positive findings are often misdiagnosed appearing in the following order: yellow, effective supplements for these purposes.
as periodontal disease or sites of recent brown, orange and red. Based upon Cavitat
For most symptomatic and later staged
extractions.
images, cavitations have been divided into
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five (5) grades, 0 through 4, with grade 4
being the most ischemic.
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Table 1:

Table 2:

Some of the more common risks
factors of ischemic bone diseases.

Supplements which are effective in treating the early stages of ischemic
bone diseases.

Local factors
 Infection
 Trauma
 Alveolar osteitis
(dry socket)
 Local injection of cortisone
 Bone infection and/or
inflammation
 Failed root canal therapy
 Use of vasocontrictors in
local anesthetics
Systemic factors






















Pregnancy
Birth control pills
Estrogen therapy
Corticosteroid therapy
Hypofibrinolysis
Thrombophilia
Antiphospholipid
syndrome
Heavy smoking
Autoimmune diseases (e.g.
systemic lupus
erythematosus)
Malnutrition
(starvation, anorexia)
Anemia
Alcoholism
Frequent hyperbaric
changes
Radiation and
chemotherapy
Metastatic cancer
Bisphosphonates
Disseminated intravascular
coagulation
Hypothyroidism
Hereditary clotting
disorders
History of deep vein
thrombosis or phlebitis

Supplement



















Suggested Dosage per day*

Ginkgo biloba
Vitamin B complex*
Garlic
Ginseng
St. John’s Wort
Rhubarb
Vitamin E
Coenzyme Q-10
Omega 3 fatty acids
Flax seed oil
Green tea
Feverfew
White willow
Ginger
L-Arginine
Nattokinase
Baby aspirin

80 to 100 mg
1 tablet every 12 hours
900 mg
100 to 200 mg
900 to 1,800 mg
100 mg
800 to 1,200 IU
50 to 1,000 mg
5 grams
3 grams, twice daily
No established dose
50 to 150 mg
100 to 250 mg
1 to 4 mg
1,000 mg every 6 hours
100 mg two to three times
1 daily

*Doses will vary for each person. These are approximate values.
Contact your health care professional for your specific needs regarding
any supplements.

Table 3:
Microbes isolated from osteocavitation lesions.



















Cladosporium species
Candida albicans
Candida dubliniensis
Exophiala species
Staphylococcus
Pseudomonas aeruginosa
Actinomyces odontolyticus
Actinomyces israelii
Moraxella catarrhalis
Klebsiella pneumoniae
Beta hemolytic Streptococcus B
Saprophylic Cladosporium species
Mixed skin flora
Bacteroides fragilis
Prevotella
Porphyromonas
Streptococcus fecalis
“CAVITATIONS” CONTINUES on NEXT PAGE
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lesions, the only choice of treatment is
surgery. Approximately one-third of the
lesions are hollow or cavities partially filled
with blood. The shape is usually irregular
and the bone is generally discolored. The
size ranges from a few millimeters to
several millimeters. The lesion or lesions
must be totally removed by meticulous
curettage of the contents of the lesion
saving the material removed for biopsy. As
many as 59% have multiple sites,44 many
of which are in different regions of the
jaws. It is wise that a culture be performed
in order to identify any microbes or yeast
which are sometimes discovered in these
bony lesions (Table 3), many of which
are not endemic to the jaws. Based upon
the culture results, accurate prescribing
of an antibiotic, if necessary, can then be
recommended.
Post-operative treatment is generally
palliative in nature: anti-inflammatory
medications, a soft diet for several days,
rest and contrary to all other types of bone
surgery, no application of ice. Although
the use of ice greatly decreases postoperative swelling, the cold temperature
also slows the flow of blood and therefore,
may theoretically, enhance conditions
for pre-mature blood clotting and in the
environment of a surgical site that is in the
process of healing.

Conclusion

O

steocavitations of the jaws are
frequent causes of undiagnosed facial
pain. This painful condition oftentimes
is misdiagnosed as trigeminal neuralgia
and may be treated with medications
by a neurologist or neurosurgery by
a neurosurgeon.
As with all other
bones containing bone marrow, areas
of infarctions within the small vascular
supply of the jaws, if unresolved, may
produce ischemic areas which ultimately
develop osteonecrosis. If these ischemic
regions produce pain, then the condition is
termed NICO.
There are multiple causes of cavitations,
both local and systemic. The ultimate
etiology is compromised medullary blood
flow and subsequent edema producing
intraosseous pressure, causing vessel
collapse, stagnation of blood flow,
thrombus formation with the eventual
development of osteonecrosis.
If detected very early, these bony lesions
may be treated conservatively with ozone
injections, injections of homeopathic
remedies, supplements and infrared. If
cavitations are detected later in their
development (as is generally the case)
when they become symptomatic, the only
viable treatment currently is aggressive
surgical curettage of the bony lesions. 

What is the success of cavitation
surgery? The answer depends upon what
one considers success. In eleven separate
studies5,6,15,16,19,22,26,45,46,47,48 which included a
total of 2001 patients who had undergone
cavitation surgery, the median postoperative pain reduction ranged from 50%
(26 patients)16 to 100% (184 patients).5,19,26,49
Unfortunately, when considering all these
studies together, nearly 40% needed
to be re-operated, probably due to the
difficulty in reestablishing adequate blood
flow during healing. In a separate single
long-term study of 103 patients treated
surgically,50 after an average of 4.6 years,
59.2% were pain-free and an additional
13.6% reported that they were considerably
improved, meaning that they were taking
no prescription medications and described
their pain as “almost gone.” Twenty-two
percent of these 103 patients required an
additional surgery.

Reprinted from the Townsend Letter
for July 2007, with permission from the
author.
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Dr. Wesley Shankland attended The Ohio
State University and received his Bachelor
of Science degree (biochemistry and
zoology) and his Doctor of Dental Surgery
degree. He has maintained a practice
limited to the diagnosis and treatment of
orofacial pain and temporomandibular
disorders since 1983 in Columbus.
Recognized internationally as an
authority on the diagnosis and treatment
of orofacial pain, Dr. Shankland has
written over 100 scientific articles, has
written several chapters in textbooks, and
has written four books. He has lectured
throughout North America, Hawaii,
Mexico, the Caribbean, England,
Germany, Australia, Norway, South

Africa, Singapore, Malaysia, India and
Hong Kong. He’s a past-president of
the American Academy of Craniofacial
Pain.
While in graduate school, Dr. Shankland
discovered four (4) structures in the
human body that were previously not
described in the scientific literature. One
structure, the zygomandibularis muscle,
has been shown to be a major source
of orofacial pain when its tendon is
injured.
[Editors Note: For more information
on this subject see Beyond Amalgam, by
Susan Stockton. Available from PPNF,
see order page.]
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ABSTRACT: Focal osteoporotic marrow defect (FOMD) may be the earliest detectable form of the
ischemic marrow disorders. The exact cause is unknown, but three theories have been proposed in the
literature. A fourth is presented in this paper. In this study, 100 biopsies were examined histologically and
were diagnosed as FOMD, based upon consistent histological characteristics. Until recently, the only
diagnostic criteria were radiographic evaluation and incisional biopsy. In February 2002, a through-transmission alveolar ultrasonic test (Cavitat 4000, Cavitat Medical Technologies, Inc., Aurora, CO) was
approved by the US Food and Drug Administration and by Health Canada for detection of low bone density and bone desiccation, both features of FOMD and chronic ischemic bone disease. Within this article, the diagnostic criteria and pathological findings of FOMD will be presented. The three current
theories concerning its etiology will be briefly presented and a fourth theory will be proposed.

F

ocal osteoporotic marrow defect (FOMD) may be
the earliest detectable form of the ischemic marrow
disorders.1 First described in the dental literature
by Cahn,2 these bone marrow lesions present as poorly
demarcated radiolucencies. Most lesions occur in the
mandibular posterior regions,3-6 usually at former extraction sites.7 Approximately 75% of all cases reported in
the literature occur in adult females. Most studies prior to
this article have reported that these localized, radiolucent
defects are of little consequence and are generally asymptomatic.3,8,9 However, Makek and Lello,10 Lipani, et al.,11
Bouquot, et al.1 and the results of this study disagree.
Radiographic appearances of FOMD vary greatly from
localized radiolucencies with intermittent borders to
sharply defined radiolucencies with obvious sclerotic
borders. Often, fine trabeculations traverse the radiolucency, and lesions range in size from a few millimeters to
several centimeters in diameter.3
The purpose of this study was three-fold: first, to present 100 new cases of FOMD, most of which were symptomatic alveolar radiolucenies diagnosed histologically
as FOMD; secondly, to evaluate through-transmission
alveolar ultrasonograph (TAU) scan results for FOMD
lesions; and thirdly, to propose a new theory concerning
the development of this disorder. This series represents
the third largest series of FOMD lesions in the literature.
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Materials and Methods
One hundred consecutive tissue samples from alveolar
sites of localized radiolucency were biopsied and microscopically diagnosed as FOMD. Specimens were harvested from January 1999 through August 2003. All bone
samples were decalcified with research grade formic acid
and stained with hematoxylin and eosin.
All lesions were discovered by history, oral examination, panoramic radiographic examination, and after discovery, all were subjected to through-transmission
alveolar ultrasonography (TAU) imaging using the
Cavitat 4000.
The following features were assessed for each case:
age, sex, location of the lesion, size of the lesion at
surgery, presence or absence of teeth at the lesion site,
type of bone marrow seen in the sample, pain upon palpation of the alveolus at the lesion site, source of orofacial pain, and TAU grading using the 5-point scale
reported by Bouquot, et al.12
Those lesions reported by the patient to be painful
without palpation or provocation were blocked with 3%
Mepivacaine (without vasoconstrictor), as per the diagnostic anesthesia test described by McMahon, et al.13
Results
The mean average age was 50.15 years (±9.15 years).
Thirty-five (35%) of the lesions were in the maxilla; and
65% of the lesions were located in the mandible. Fortyfive (45%) were on the right side of the mouth and 55
(55%) were on the left. Seventy-seven (77%) were
females (mean average age: 50.80 years ± 9.04) and 23%
were males (mean average age: 48.11 years ± 7.99). All
of the subjects were Caucasian.
Sixty-eight (68%) of the 100 lesions were located in
edentulous alveolar sites (old extraction sites). Fiftyseven (57%) of the lesions were tender with digital palpation (50 female and 7 male), 65 (65%) were apparent
generators of pain (56 female and 9 male), and all painful
sites were relieved of pain after anesthetic blockade.
The mean average TAU grade of the 100 lesions was
3.01 (Figure 1). At surgery, the mean average length of
the lesions was 1.62 cm (range: 0.5Ð3.5 cm) and the mean
average width was 1.12 cm (range: 0.2Ð2.0 cm).
The histological examination of the bone marrow in all
cases was normal. In all cases, viable bone was visible,
but bony trabeculations often appeared inactive with
osteocytes missing. Also, there were two definite categories of bone marrow: fatty or yellow alone (79), or a
mixture of fatty and red marrow (21). There were no samples of red marrow alone.
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Fifty-five (55%) of the specimens showed evidence of
mild inflammation with the presence of lymphocytes.
Fifty-one (51%) showed small localized evidence of
degeneration, ischemia or necrosis. One hundred (100%)
of the samples contained viable bony trabeculae.
Chi square analysis demonstrated that the gender differences for tenderness and pain were significant
(χ2=0.0653; df=1; p<0.01).
Discussion
All bone marrow in newborns is red. Yellow or fatty
marrow begins to appear in long bones and in the mandible
from the fifth to the seventh years, and by age 18, almost
all long bone marrow is yellow. 14 In the adult jaws,
approximately 75% of the marrow is yellow or fatty and
20% is red. 15 Fatty marrow is well vascularized, but
almost all vessels are dormant much of the time. Red or
hematopoietic marrow, on the other hand, has a rich and
active blood supply and is usually located in the maxillary tuberosities and the maxillary and mandibular molar
and premolar areas.3,16 Red marrow does not seem to
occur in the adult in the anterior regions of the jaws.3,17
The relatively poor vascularization of fatty marrow
makes the bone marrow in the adult jaw vulnerable to
trauma, bacterial invasion, vascular congestion, and
reduction of blood flow, potentially leading to a myriad
of ischemic and inflammatory problems.
Bone marrow defects have been reported in the literature for well over two centuries. Any medullary bone can
undergo a variety of marrow changes, some transient and
others permanent. The maxilla and mandible are no
exception and in fact, it has recently been reported that
the prevalence of jaw osteonecrosis is similar to that of
the hip. 18 Up to a certain point, it appears that fatty
marrow has the ability to be transformed back into red
marrow when there is an unusual demand for increased
blood cell production.19 Some authorities4 believe the
development of this hyperplastic red marrow is seen as
reduced bone density or osteoporosis on radiographs.
However, these and other authorities assert that the radiolucency produced by FOMD does not represent a pathological disease process.4,20 This assertion does not conform
with the results of the present study.
In the dental literature, bone marrow defects have been
discussed throughout the twentieth century and especially within the last four decades. However, while several papers have discussed the clinical presentation of
FOMD, the exact cause remains unknown. Three etiological theories have been proposed in the literature:6,17,21
1. Marrow hyperplasia following an increased demand
for blood cells resulting in bone resorption. Although
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Figure 1
Through-transmission alveolar ultrasound (Cavitat) scan. The computer generates a digitized perspective 3-D image from analog signals received and
converted to digital. The image being viewed is not a negative type as viewed on an x-ray but a computerized image rendition from sound waves
received on the Cavitat array. The image is color-coded to distinguish the intensity of destruction (desiccation, dryness or ischemic regions), with
normal bone represented by dark green (a) mild to moderately damaged bone represented by yellow, yellow-orange, and brown (b), and severely
damaged bone represented by red (c). This is the sonogram of the same patient as seen in Figure 3. In alveolar areas 17 and 18, the lesion is Grade 2
to 3; in the alveolar area of 19, the lesion is Grade 4; in the area 20, Grade 3; and Grade 1 in the area 21.

hyperplasia may occur in the marrow as a response
to demands for increased hematopoietic tissue creation, only a handful of the reported FOMD cases
have been associated with systemic anemias.
Local pathological processes, on the other hand, may
often produce an osteopenia, or localized osteoporotic
defect, but unless 30-50% of the medullary bone is
destroyed, no radiographic changes are visible.22 Rather
than a normal process, might radiographic changes of
FOMD be evidence of bone marrow edema23,24 or regional
ischemic osteoporosis or early ischemic osteonecrosis?7
2. Residual hematopoietic marrow persisting into adulthood. This may be true, but it is not known to be a
pathological problem. In the adult, in addition to the
mandible and maxillary posterior regions, hematopoietic marrow persists in other skull bones, the clavicles, vertebrae, ribs, sternum and pelvis. There is no
evidence whatsoever that these areas engage in any
function other than hematopoiesis. During times of
marrow hyperplasia, these areas do not produce
abnormal radiographic images, as do ischemic
processes (e.g., bone marrow edema, ischemic osteoporosis, ischemic osteonecrosis) or other pathoses
(e.g., aneurysmal bone cyst, central giant cell granuloma, traumatic bone cyst, or metastatic carcinoma).
In the case of regional ischemic osteoporosis, radiographs reveal loss of bone density, blurring or loss of
trabeculations, and poorly demarcated borders,25 all of
which are also characteristics of FOMD. Again, could
FOMD be a stage of bone marrow edema and an early
form of regional ischemic osteoporosis as Bouquot, et al.1
suggested?
3. Defective regeneration of bony trabeculae in an area
of previous trauma, local inflammation, or surgery.
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This may also be true, but what caused the defective
regeneration? It is well established that poor bone
healing after peripheral infection produces either
fibrous scar tissue or localized areas of bone sclerosis, or condensing osteitis. Osteoporotic bone has
been a suggested result. However, ischemic bone
diseases, such as NICO (neuralgia inducing cavitational osteonecrosis), routinely produce radiolucent
areas on radiographs that are ill-defined, in many
cases showing irregular remnants of old lamina dura
and scattered flecks of sclerotic bone.25-27
There may be a better theory to explain the etiology
and clinical presentation of FOMD. Could it be an early
form of ischemic osteoporosis secondary to a malfunction of blood flow within the marrow? There are multiple
reasons for the development of back-up pressure, capillary leakage and an accumulation of fluid in the extracellular marrow spaces (edema) (Figure 2), but it is telling
that the majority of our FOMD cases showed localized
microscopic evidence of ischemic change or damage.
Jones28 asserts that bone marrow edema and osteonecrosis share a common pathway: an acute ischemic
event (i.e., a sudden disruption of normal blood flow due
to thrombus formation). He proposed that duration of
ischemia and deficiency in blood flow are the key factors
determining if bone marrow edema or more severe
ischemic osteonecrosis will develop. Many researchers
believe that bone marrow edema represents an early, possibly reversible, subtype of osteonecrosis.25,29,30 Koo, et
al.31 have postulated that bone marrow edema is a secondary phenomenon that follows an ischemic attack.
According to the histological criteria established by
Ficat,32 areas of osteonecrosis show hematopoietic and fat
cell necrosis in the marrow and osteocytic death. In our
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Figure 2
Simplified diagram suggesting that persistent transient ischemia in bone marrow may be the etiological factor in the development of focal
osteoporotic marrow defect.

study, 51 (51%) of the biopsies demonstrated the presence of ischemia, bony degeneration, or necrosis. In addition, 79% contained a mixture of fatty and hematopoietic
marrow. Yet, in all samples, the trabecular bone was still
viable. Based upon these findings, it appears, at least in
this study, that FOMD may be an intermediary step
between an ischemic event with the subsequent development of bone marrow edema and the subsequent possible
development of ischemic osteonecrosis. FOMD may correspond to Stage II of the classification, according to
Ficat and Arlet. 33,34 In Stage II of this classification
system, radiographs show definite abnormalities consistent with osteonecrosis: areas of radiolucency, sclerosis,
and generalized osteopenia, all of which are seen radiographically in FOMD.
Earlier reports have alleged that those with FOMD do
not report pain,4,7,21 but according to this study (57% of
the areas were tender to palpation and 65% were generators of pain) and others,10,17,27 pain occurs and in a high
percentage of those afflicted.
The frequency of painful FOMD is difficult to determine. Shankland27 reported that in a study of medullary
jaw diseases in facial pain patients, 4% (20 in 500) represented FOMD. However, in a recent and yet unpublished
study, the number of FOMD cases was 14.6% (135 in
932). Obviously, the incidence of FOMD has yet to be
accurately established, but most clinicians, pathologists
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and epidemiologists would consider 4% to nearly 15%
significant.
Why all subjects in this study were Caucasian is open
to speculation. In an earlier study of 500 bony lesions,27
2.4% of the cohort were African-American, but none
were diagnosed with FOMD. There may be racial differences, but as of yet, these differences have not been
reported in the literature specifically for FOMD.
Gender differences were quite notable. Of the 122
tender areas and/or areas that were identified as pain generators, 106 (88.9%) were female. These differences
were statistically significant and although unexplainable,
conform to other studies published in the literature.35-37
The radiographic appearance of FOMD is quite variable, but the lesions are generally visible radiographically. In fact, some authors have suggested that these
lesions are often discovered after routine radiographic
examination.17,21,27 FOMD radiographically varies from
sharply defined radiolucencies with distinct borders
(Figure 3) to borders that are quite ill-defined and irregular. Further, these subtle lesions are considered to be
variations of normal by some,17 but as demonstrated in
this study, 100% were not normal.
In February 2002, bone sonography, when used in conjunction with a panoramic radiograph, was cleared by the
US Food and Drug Administration for the express purpose of evaluating the wetness (i.e., blood perfusion) and
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density of the medullary bone of the jaws. Health Canada,
CanadaÕs counterpart to the US Food and Drug
Administration, also approved the Cavitat (Cavitat
Medical Technologies, Inc., Aurora, CO) in May 2002
for the same express purpose. The Cavitat instrument
uses a through-transmission technology rather than the
reflected signals of other ultrasound instruments used in
medicine. Normally hydrated bone and water conduct
sound waves in a similar fashion. Sound waves traveling
through regions of diminished bone hydration, reduced
density or intramedullary cavitations (i.e., an air space
void of hydration) are reduced in intensity, thus registering on the receiver with less intensity than waves traveling through normal bone.12 Sound impulses are converted
into digitized graphs, generated as 2-dimensional or 3dimensional images (Figure 1).
This unique instrument generates 27,000 sound pulses
per microsecond. Teeth have the same characteristics as
bone; therefore, unlike on radiographs, the teeth and
bones are not visible as separate structures. Each 3dimensional color coded image represents a 1:1 cm2 area
exposed to the ultrasonic signal. Up to 32 individual
exposures can be made of the alveolar boneÑeight in
each quadrant, each representing a specific tooth site.
Each 3-dimensional image shows 64 colored columns
or data points, each corresponding to 1/64th of the intraoral receiver. Good sound transmission shows as green,
with attenuated transmissions appearing in the following
order: yellow, brown, orange and red.12

SHANKLAND AND BOUQUOT

Cavitat scans are graded on a 5-point scale, Grade 0
represents normal (green from scanned alveolar area);
Grade 4 represents the most desiccated or dry areas (i.e.,
some stage of ischemia) and is seen as red.12
Most FOMD lesions have been reported as occurring in the posterior mandible of middle-aged females,4,5,7,10,15,19,25 and the present data agree with this. In
addition, most studies report, and the present study substantiates, that most sites of FOMD are former extraction
sites.
Differential diagnoses of FOMD, based upon radiographic findings, are traumatic bone cysts,4,38 residual
dental infections,4 idopathic bone cavities,38 central giant
cell granuloma, incomplete healing of extraction sites,39
alveolar osteitis,40 neoplasm of the jaw, or metastatic carcinoma.41-43
Since FOMD cannot be diagnosed with certainty based
upon radiographic and clinical findings, surgical exploration and histopathological examination of the tissue
from suspected lesions are indicated.1,3,6,17,21,25,27,37-44
Conclusions
The following conclusions were derived from this
study:
1. Focal osteoporotic marrow defect is perhaps the earliest detectable form of bone marrow edema;
2. Contrary to former reports, FOMD is not generally
asymptomatic;

Figure 3
FOMD also may exhibit borders that are quite ill-defined and irregular (outlined by white arrows). Note that the localized loss of bone density is very
subtle.
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3. FOMD may be another common source of orofacial
pain;
4. Through-transmission alveolar ultrasonography,
when used in conjunction with panoramic radiography, is an accurate method of evaluating the condition of bone marrow of the jaws;
5. Because FOMD cannot be diagnosed with certainty
based upon imaging and clinical findings, surgical
exploration and histopathological examination of the
tissue from the suspected lesions are indicated.
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ABSTRACT: Ischemic jawbone lesions were first discussed in the dental literature more than a century
ago, but then seemingly forgotten. In recent years, there has been considerable resurgence in interest
in this unique pathological condition. Controversy surrounds the subject. Some proclaim these lesions to
be mere fabrications of the imaginations of non-traditional or alternative dental surgeons. Others attribute
all human maladies to these maxillofacial lesions. Aside from these philosophical and metaphysical
arguments, are there common diagnoses of jawbone pathologies that produce pain? This present investigation reviews the clinicopathologic features of 500 consecutive jawbone surgeries with pathological
confirmation in patients with idiopathic facial pain. Four hundred seventy-six (476) of the 500 lesions
(95.2%) were directly attributed to impaired blood flow in the jawbone, tooth, or both, according to
histopathological analysis and confirming Cavitat (bone ultrasound) examination. Statistical data concerning the location, frequency, and pathological diagnoses of these bony lesions are presented, as are
brief methods of diagnosis, and treatment is also discussed.
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F

ew issues in dentistry, and specifically, oral surgery,
have produced more controversy in recent years
than the idea that inflammatory and ischemic
lesions within the jawbones, which require surgical
removal, are a common cause of facial pain. These bony
disorders, when accompanied with orofacial pain, are
more common than originally thought and have been
termed neuralgia-inducing cavitational osteonecrosis
(NICO).1 Fortunately or unfortunately, depending upon
how one surveys this subject, the general public has
become aware and even educated about these lesions.
Patients are well read, armed with refereed, nonrefereed,
anecdotal, and Internet literature. In this, as well as in so
many other health-related topics, the public seems to be
forcing changes in traditional medicine, and dentistry is
not excluded from those changes.
Every dentist, regardless of his or her specialty, has
been rigorously educated in the diagnosis of acute, pusassociated osteomyelitis of the jaws. Most oral pathology
textbooks state that true progressive osteomyelitis, due
to odontogenic and other microbial infections, is not usually found in developed countries. However, osteonecrosis, a fairly common disease of medullary bone, is
only casually mentioned in dental pathology textbooks.2
This type of osteonecrosis is medullary bone damage
and death from poor or interrupted blood flow within the
bone marrow.
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Ischemic marrow disease in bones other than the
mandible and maxilla are not only common, they are
widely researched and reported. Avascular necrosis (a
form of ischemic osteonecrosis) develops most often in
the femur and is seldom associated with infection. Other
bones are also affected by both osteomyelitis 3-9 and
osteonecrosis.10-16 In fact, any and all medullary bones
can be affected by both of these disorders. Why not the
mandible and maxilla? Physicians readily agree that such
lesions can and do occur in the jaws. So, why is there
such controversy over this subject in dentistry?
The controversy is especially confusing from the historical perspective. Osteomyelitis, osteonecrosis, and
similar medullary diseases are not new to the scientific
literature concerning the jaws. In 1915 G.V. Black17 created an entire section in his classic textbook about alveolar osteitis, as he termed it. For some reason, BlackÕs
alveolar osteitis was forgotten or overlooked by the
dental profession until the late 1970s when several
reports were published describing an unusual chronic
nonsuppurative osteomyelitis of the jaws in patients suffering with facial pain.2,18-23,25-35,41,42
In addition to BlackÕs observations, more contemporary writers have discussed marrow tissue changes and
found inflammatory or ischemic change in the great
majority of biopsy samples.1,19-42
The purpose of this paper is to present data derived
from 500 consecutive jawbone surgeries in patients with
idiopathic, chronic facial pain and to briefly discuss the
clinical presentations as well as diagnostic and treatment
procedures.
Materials and Methods
The patients in this study were obtained from an orofacial pain center. Patients suffering from the effects of carious lesions, periodontal disease, soft tissue lesions, and
exposed pulpal tissue were not included in this study.
Five hundred consecutive surgical patients, presenting
with a history of undiagnosed orofacial pain, were analyzed for this study. All lesions prior to surgery were confirmed by panoramic radiographic examination and since
early in 2001, bone ultrasound (Cavitat 4000, Cavitat
Medical Technologies, Aurora, Colorado). Most lesions
were symptomatic at the time of the initial examination;
some produced transient painful symptoms; others were
constant generators of jaw and orofacial pain. The location of painful lesions was further confirmed with diagnostic anesthetic blocking using 3% mepivacaine (with
no vasoconstrictor) as to the specific alveolar site or
dental arch.
Of the 500 surgical sites, 413 (82.6%) were in dentate
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regions and 87 (17.4%) were located in edentulous areas,
so specific alveolar sites could not be accurately assigned
to these 87 specimens. However, these edentulous areas
were located in areas that appeared to be either the third
molar areas or the maxillary tuberosity regions. For consistency in this study, the same pathological laboratory
examined all 500 specimens.
For discussion purposes, the term NICO will be used in
this paper when referring to painful lesions caused by
nonsuppurative, low-grade bone marrow infections
and/or ischemic marrow disease. By definition, NICO
cases are associated with facial pain,2-4,35,45,48 whereas not
all medullary lesions are painful.
Results
In this patient cohort, 149 participants (29.8%) were
male and 351 (70.2%) were female. Ages ranged from 27
to 87 years of age, with the mean average being 50.4
years of age (standard deviation = 11.24 years). Racially,
97.6% (488) were Caucasian and 2.4% were AfricanAmerican (10 females and two males).
Two hundred seventy-one (54.2%) of the lesions were
located in the maxilla; 229 (45.8%) were of mandibular
origin (Figure 1). Two hundred sixty nine (53.8%) were
on the right side of the mouth and 231 (46.2%) on the left
side (Figure 2).
Lesion distribution per quadrant was as follows:
1. maxillary right, 126 (25.2%); 2. maxillary left, 145
(29%); 3. mandibular right, 143 (28.6%); and 4. mandibular left, 86 (17.2%) (Figure 3).
The most common specific sites for jawbone lesions
(n=413) were the third molar regions, the maxillary being
most frequent (72 or 14.4% of lesions). Collectively, all
four third molar sites (n=114 of 413) comprised 22.8% of
the specific alveolar site lesions. However, 71.8% (n=359)
of all lesions were located in the molar, retromandibular
and maxillary tuberosity regions.
The two most frequent pathological diagnoses were
1. chronic nonsuppurative osteomyelitis (n=167, or
33.4%) and 2. ischemic osteonecrosis (n=160, or 32%)
(Table 1). A total of 14 separate diagnoses were discovered in this study. A high number of diagnoses (n=476, or
95.2%) can be directly attributed to conditions of bone
marrow ischemia.
Discussion
The concept of jaw osteomyelitis and osteonecrosis is
not novel to the recent American scientific literature.
Dental surgeons in England, 24 Canada, 25 Germany, 26
Russia,27 China,28-30 and Jordan,31 have also written and
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Figure 1
Anatomic distribution of lesions in specific
alveolar sites. In this study, 87 lesions were
located in nonspecific edentulous sites (see
Results section).

Figure 2
Anatomic distribution of lesions per side of
mouth.

Figure 3
Distribution of lesions per quadrant.
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Table 1
Relative Frequency of Specific Diagnoses
Ranked By Frequency
Diagnosis
Chronic nonsuppurative
osteomyelitis
Ischemic osteonecrosis
Regional osteoporosis
Periapical granuloma
Periapical cyst
Focal osteoporotic
marrow defect
Normal bone marrow
Foreign body
Residual cyst
Keratocyst
Periapical scar
Chronic sinusitis
Myxoma
Chronic mucousitis
Totals

No.

% of 500

ICD No.

167
160
65
35
20

33.4
32.0
13.0
7.0
4.0

526.4
733.49
733.02
522.6
522.8

20
12
9
4
3
2
1
1
1

4.0
2.4
1.8
0.8
0.6
0.4
0.2
0.2
0.2

289.9
526.9
528.9
526.2
526.0
522.9
473.0
213.0
528.0

500

100%

researched this subject extensively. Even Thoma, one of
the 20th centuryÕs most respected American oral surgeons, discussed these disorders extensively in his classic, encyclopedic textbook.32
In this study, the sexual ratios were consistent with
studies by Byron33 and Bouquot and McMahon.34 The
mean average age was similar to those of other studies as
well. 26,27,34,35
As demonstrated by these data, there are many different types of jawbone lesions, most of which in our cohort
produced pain symptoms. However, what is revealing is
that the majority of our lesions were directly or indirectly
attributed to impaired blood flow to localized areas of
bone, according to the histopathologic diagnoses. In addition, many of the periapical lesions could also be attributed to a disruption in blood flow within the pulp of the
tooth.36 So, based on these numbers alone, approximately
476 of the 500 lesions (95.2%) can be directly attributed
to impaired blood flow in the jawbone, tooth, or both,
according to histopathological analysis.
In this study, disruption of blood flow was especially
evidenced by the large number of lesions diagnosed as
either osteomyelitis or osteonecrosis. Clinically, regional
osteonecrosis secondary to vascular insufficiency, can be
secondary to osteomyelitis or other factors (Table 2),37,38
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can be aseptic, and can provide a fruitful field for subsequent infection.
Acute osteomyelitis can arise directly from an endodontic infection.36 Microbes exit the apical foramen, multiply, and spread through the marrow spaces, leading to
bone necrosis, primarily due to vascular insufficiency.39
Microbial invasion may also cause osteonecrosis of the
jaws through recurrent maxillary sinusitis. Damage to the
sinus walls and floor by inflammatory toxins and microbes
infiltrating the alveolar bone can produce so much vascular insufficiency that osteomyelitis and/or osteonecrosis
subsequently occur.
However, microbial invasion of the bone marrow is
not the only known cause of osteonecrosis of the jaws.
There are a myriad of other triggering events, trauma and
infections being the primary ones. No other bones in the
body are subjected to the level of trauma and infection
experienced by the marrow of the jawbones from dental
and periodontal infections, tooth extractions, periodontal
and endodontic procedures and surgeries, and at times,
trauma from occlusion.
In addition, many other causes of vascular marrow
insufficiency have been reported (Table 2). This might
explain why so many cases of NICO have been diagnosed
in patients without extractions, without endodontic therapy, without trauma from occlusion, and without a history of maxillary sinusitis.
The concept of impaired blood flow causing these
lesions should be especially shocking to those who practice dentistry. All students are taught to use local anesthetic solutions with vasoconstrictors for prolonged
anesthesia and for hemostasis. Kim, et al.40 reported that
an injection such as 2% lidocaine with epinephrine
1:100,000 is capable of significantly restricting pulpal
blood flow, decreasing oxygenation of the pulp. Could
this possibly produce irreparable injury to pulp, bone
marrow, or both? In the attempt to improve dental care,
dentistry may itself be causing many jawbone lesions by
impeding blood flow, thus creating an environment of
ischemia stasis and possible thrombus formation.
The locations of lesions in this study were similar to
those in larger studies by Byron 33 and Bouquot and
McMahon34 (Figures 4 and 5). Although the numbers are
somewhat different, the trends of the graphs demonstrate
a comparable frequency of alveolar site location of bony
lesions. These data clearly demonstrate that the most
common sites for bony lesions are: 1. the third molar/retromolar regions; and 2. the first molar areas in both arches.
Most NICO lesions have been present for a number of
years, often totally asymptomatic until some precipitating
factor (Table 2) begins the generation of severe and
chronic, often undiagnosed pain.
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Table 2
Etiologies Associated with Ischemic
Bone Disease47*
Local factors
Trauma
Use of vasoconstrictors in local anesthetics
Radiation therapy
Intraosseous inflammation/infection of odontogenic origin
Failed endodontic therapy
Over-heating of bone during surgery
Corticosteroid injection of bone
Intramedullary hypertension
Trauma from occlusion
Systemic factors
Corticosteroid therapy
Atmospheric pressure changes in occupation
Sickle cell anemia
Pregnancy
Homocystinemia
Osteoporosis
Hypofibrinolysis
Antiphospholipid antibody syndrome
Hyperlipidemia
Chemotherapy
Blood coagulation disorders
Hormonal therapy
Systemic lupus erythematosus
Heavy smoking
Alcoholism
*Table modified and used with permission.

Osteonecrosis and osteomyelitis specifically pertaining to NICO lesions rarely produce clinical changes
within the overlying gingival tissues, although some
patients have reported episodes of edema and erythema.
However, involved sites are typically tender and have an
elevated mucosal temperature. Moreover, microscopic
examination of the overlying oral mucosa routinely
demonstrates mild to moderate subepithelial infiltrates of
chronic inflammatory cells.41
NICO lesions are often not seen on panoramic radiographs inspected routinely. However, when the film is
of good quality, studied with good lighting and even
magnification, these apparent invisible lesions often
become much more apparent (Figure 6). NICO lesions
usually present as poorly demarcated radiolucencies,
often with irregular vertical remnants of lamina dura
(termed laminar rain) visible in old extraction sites
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(Table 3). Contrary to what is taught, these irregular,
ragged areas are not normal. They represent a poor
attempt to heal the extraction site and extensions of
ischemic or inflammatory changes beyond the socket.
Under ischemic conditions, intraosseous fibrous scar
tissue (marrow fibrosis, reticular fatty degeneration,
ischemic myelofibrosis) is created in place of new,
healthy bone because osteoclasts and osteoblasts require
good nutrition and abundant oxygen, whereas fibroblasts
do not.42,43
Isolated extraction sites are not the only common locations for NICO lesions. In one study, more than 84% of
subpontic bone demonstrate abnormal radiographic
changes.42 Another common area of lesion formation is in
and around the apex of endodontically treated teeth,
many of which are totally asymptomatic.
Diagnosticians have difficulty localizing NICO lesions. This should not be surprising because 30-50% of
the medullary bone must be destroyed before radiographic
changes are visible,44 and localization of alveolar pain is
often problematic. Practitioners who have attempted to
isolate a specific offending tooth in a painful dental arch
will certainly understand and appreciate this fact.
To add to the diagnostic difficulties associated with
radiographic interpretation, NICO lesions are also rarely
seen with MRIs or CT scans. Also, radioisotope scans,
often ordered by physicians have a high rate of false negative tests due to slow cell turnover, poor bone healing
and poor circulation in bony areas containing these
lesions and the presence of inflammation due to periodontal or periapical disease. Sadly, when the radiologist
examines the films of a bone scan, a normal diagnosis is
often given when anesthetic blockade and histopathological examination confirm the contrary.
A better diagnostic imaging technology is obviously
needed for this marrow disease. In 2002, the Food and
Drug Administration approved a new through-transmission ultrasonic device termed the Cavitat 4000. Using this
device, osteoporotic, dry or hollow medullary bone of
either the mandible or maxilla attenuates the transmitted
sound, resulting in a weakened signal when it hits the
receptor on the opposite side of the alveolus. The ultrasonic images (one per tooth site) allow the doctor to see
the size, extent and position of ischemia areas in the bone
in both two and three dimensions (Figure 7). This FDA
approved device tests for low bone density and bone desiccation, both features of chronic ischemic bone disease.
This valuable information, in conjunction with the
patientÕs history, the patientÕs panoramic radiograph, and
diagnostic anesthetic confirmation (if necessary), has
added much more precision and accuracy to the localization of ischemic and inflammatory bone lesions.
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Figure 4
Location of maxillary medullary
lesions in three separate studies.

Anesthetic blocking must be used to isolate painful
suspected areas. NICO lesions exhibit deep aching bone
pain, often producing referred pain, which is frequently
misdiagnosed as trigeminal neuralgia or atypical facial
neuralgia.20-23,26,28,34,35,45,48 Such anesthetic confirmation
should be conducted without vasoconstrictor (e.g., 3%
mepivacaine), for reasons discussed above.
The term cavity has seemingly been coined by alternative medicine advocates, but actually, the term cavity was
first used to describe, in general terms, the effects of
blood flow problems instead of infection in bones in the
Journal of Bone Surgery in 193046 and Black17 for alveolar bony lesions. Where the term originated does not
matter since cavity or cavitation accurately describes
what is seen at the time of surgery.

As with all suspicious lesions, biopsy is required
in order to make an accurate histological diagnosis.
Although controversial in some circles, surgical exploration is recommended in order to rule out more ominous
lesions.19-30,33,34,41,45,47-50
At surgery, well over 75% of NICO lesions (in this
authorÕs experience) are completely hollow or filled with
a soft, grayish-brown and mushy tissue. Characteristically
seen is an oily material that oozes or rushes from the
marrow spaces, displaying yellowish spheres of liquid fat
(termed oil cysts) from fatty necrosis of the bone marrow.
After total surgical curettage of the cavitational areas,
smaller satellite lesions are often found around the original lesion, often connected by interconnecting fistulae,
which have been termed worm holes and are probably

Figure 5
Location of mandibular medullary lesions in
three separate studies.
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A
Figure 6
Identification of mandibular lesion using a panoramic radiograph and Cavitat scans. A (above): Panoramic radiograph; B (below): Lesion outlined
(with arrows).

B
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Summary

Table 3
Radiographic Features, Listed in Order of
Frequency, Demonstrated in NICO Lesions47*

1. Poorly-demarcated radiolucency
2. Moth-eaten radiolucency (regional osteoporosis)
3. Irregular vertical trabeculae in edentulous area
(laminar rain or laminar lightening)
4. Mild ground-glass radiopacity (ghost marrow)
5. Radiopaque flecks and streaks radiating outward
from a central, poorly defined radiolucency (eagle’s
nest)
6. Focal destruction of bony wall of inferior
alveolar canal
7. Soap bubble radiolucency
8. Horizontal trabeculae in edentulous areas
9. Focal destruction of wall of maxillary sinus
10. Focal destruction of cortical alveolar bone
11. Radiopaque flecks
12. Cotton-wool radiopacities
*Modified and used with permission.

In this study, 500 consecutive surgical specimens of
painful jawbone lesions were biopsied. An overwhelming
number of diagnoses (95.2%) were directly related to
conditions of ischemia of the bone marrow. Various
causes of ischemia have been presented. While reviewing
patientsÕ health histories, it is important to identify factors which may contribute to or cause ischemic conditions as listed in Table 2. In addition, patients presenting
with undiagnosed orofacial pain need to be thoroughly
evaluated for such jawbone lesions. This includes the use
of anesthetic blockade, careful examination of panoramic
radiographs, and the use of Cavitat technology. The latter
two procedures are now considered by the FDA, when
used together, to be the standard protocol when investigating these types of medullary lesions.
Lastly, to accurately establish a diagnosis, excisional
biopsy should be considered as the treatment of choice of
painful jaw bone lesions.

Figure 7
Cavitat scan of left mandible. This is the same left mandible shown in Figure 6 A & B. The areas of red indicate dry or hollow medullary bone. This
continuous area corresponds to the lesion on the radiograph. The top row is a three-dimensional representation of each alveolar site; the bottom row
is a two-dimensional representation of the same areas.

remnants of thrombosed vascular channels. These areas,
too, must be curetted.
If a bony lesion is discovered in the process of diagnosis, the appropriate treatment of painful lesions is surgical
intervention in order to establish a definite diagnosis,
especially when the outline of lesion on the radiograph is
not well demarcated.49-53
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Routine Dental Extractions
Routinely Produce Cavitations

Thomas E. Levy, MD, FACe, and
Hal A. Huggins, DDS, MS
ABSTRACT' Cavitations (eYs) are persistent holes found at the extraction
sites of permanent teeth after apparent healing has taken place. Current dental literature considers this common phenomenon to be rare. In the scientific
literature, CYs have a plethora of synonyms. They have been variably labeled
as Ratner, Roberts, or trigger point bone cavities, interference fields, neuralgia-inducing cavitational osteonecrosis (NICO), and alveolar cavitational 08teopathosis. Evidence suggests that the incidence of CVs is presently grossly
underestimated. Therefore, we reviewed the charts of 112 randomly chosen
patients treated at the Huggins Diagnostic Center (HDC) from 1991 through
1995 to determine the incidence of CVs in old extraction sites. We believe this
problem to be important to the general health of patients who are being
treated for a wide range of diseases where such a dental condition may be the
ultimate cause or a significant contributing factor.

This manuscript is clearly one written for dental surgeons. It describes,
however, a little known phenomenon that is extremely important in the
general ill health of many patients with a number of different diseases
that are not usually associated with dental problems. Since there is
more and more need for health professionals to collaborate in their disciplines, the work reported here should be valuable to physicians.
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Introduction
Black (1), an influential force in the earlier days of dentistry; described the pathology of evs in 1915. Bone necrosis, resulting in persistently hollowed-out areas at the sites of old extractions, was described as typical of the lesion. The bone was usually softened
initially by the progressive cellular death of cancellous bone, until an
actual hole resulted. These holes often contained small particles of
necrotic bone and other non-viable cellular debris. Black termed the
disease process "chronic osteitis/' although he was puzzled that extensive bone destruction could occur in the jawbone without overlying
erythema or edema and without affecting systemic body temperature.
The absence of such factors contradicted the concept of active inflammation, which typically produces both local and remote symptomatology. He even went on to describe the appropriate way to treat such
lesions, which was essentially a surgical debridement. He indicated
that it was easy to break through the relatively thin cap of bone at
the top of the old extraction site, followed by removal of all particles
of softened bone until margins of solid bone were once again reached.
The gross morphology of such evs can be most impressive (Figure 1).
Black's findings were either ignored, forgotten, or not given proper
credence. Certainly, they were never assimilated into dentistry and
dental teaching. In the 1970s, however, evs were "re-discovered" and
correlations with previously termed idiopathic pain syndromes were
suggested. Patients with atypical facial neuralgia and trigeminal neuralgia of unknown cause were often found to have evs at the sites of
previous extractions, and the pathology was as Black had already described. Such cavities would be subjected to curettage and, upon complete healing with new bone, the pain syndromes would frequently
resolve (2,3).

Materials and Methods

Periodontal Ligament Removal Procedure After the Extraction of Any
Permanent Tooth and Cavitation Removal After Old Healing
Routine Extraction: After a tooth was removed, a # 10 long-shanked, surgical round burr was used to remove one millimeter of bone as thoroughly as
possible from the entire bony socket area, excluding the apex. This was done
by the tactile sensations of the dental operator, usually involving the transition of going from a mushy or spongy feel to the firm resistance of uninvolved
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FIGURE 1
Autopsy mandible specimen sectioned longitudinally,
revealing the gross morphology of cavitational osteonecrosis.
The brownish discoloration is indicative of combined old
hemorrhage and old necrotic fat. Photograph courtesy of
J. E. Bouquot, DDS, MS.
bone. Taking one millimeter of good bone insures removal of the periodontal
ligament. The remainder of the protocol is as for primary cavitation revision
and is described below.

Cavitation Cleaning: A low speed handpiece was utilized with the #10
burr after an incision in the gingiva, if required. Usually only a few millimeters of necrotic bone were penetrated to reach the healthy tissue. During the
drilling with the burr, the socket was irrigated with sterile saline, using a
Monojet 412 , 12 cc syringe. In some cases, several syringes of this type were
used . The flushing removed all contaminated bone fragments as the bone was
cut, so as not to allow any bone fragments to become trapped during the healing process. This also required diligent suction to avoid the patient risking
swallowing of any contaminated material.
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After the socket was properly routed, it was flushed with a non-vasoconstrictive anesthetic which was allowed to remain for about thirty seconds.
Suction was then applied gently to the area for just an instant in order to
remove only a majority of the anesthetic, leaving the socket coated with the
remainder. For more extensive areas of old extraction, full thickness flaps of
the overlying tissue needed to be reflected away from the bony area to be
explored. Three units of protamine zinc insulin were injected adjacent to the
extraction site, greatly to enhance the healing process. Antibiotics were not
routinely recommended. Clinically, antibiotic administration appears to make
its own contribution to a greater chance of a dry socket with an eventual CV
is spite of performing an otherwise proper procedure. It is theorized that the
use of antibiotics may convert the osteoblasts back into osteocytes, impeding a
ful1 healing of bone in the socket area.
Taking at least one millimeter of good bone insures removal of both periodontal ligament and most of the bone directly bathed with the toxins produced by the mutant streptococcus in the dentin tubules. It is very important
not to use a high speed handpiece. Using the low speed handpiece prevents
excessive heat production, avoiding the undesirable cauterization effect that
can denature the proteins present and impede complete healing. The cutting
process serves to "perturb" the adjacent bone, allowing a more effective stimulation of osteoblast formation from monocytes, which results in the needed
new bone growth necessary to fill the cavity. This bone perturbation also appears to be superior to the stimulus for healing that occurs with manual curettage. The anesthetic also serves to perturb the bone and stimulate greater
osteoblastic activity.
Simple manual curettage is discouraged, for the scraping required in the
process can "push" much of the toxic products into the adjacent, good, cancel10us bone, resulting in a greater chance of persistent or recurrent CVs, or
simply a lack of primary healing after a tooth extraction. Flu-like syndromes,
persisting for days, have been observed after the cleaning of CVs. While this
protocol is certainly not the only way to remove a periodontal ligament or
clean out a CV, it has realized clinical success and minimized the formation of
dry sockets or recurrent CVs.
Several CV procedures at HDC included the injection of a small amount of
radio-opaque medium into the freshly opened CV sites. The lower third molar
sites pictured were only opened and not debrided prior to the introduction of
the contrast medium. Before and after X-rays provide additional evidence as
to the difficulty in detecting CV on X-ray alone (Figure 2).
Following this, the contrast agent was promptly flushed out and suctioned,
with the remainder of the protocol for CV treatment then being followed. It
should also be noted that a circular, routing motion with the dental burr is
never performed until the operator feelt; the burr drop into a pre-existing Cv.
The CVs are never created by the dental burr, but they may be slightly expanded initially in the course of debridement in order to ensure that good
bone i!:i reached which is capable of healing.
Over the past year, selected patients have undergone 24-hour urinary porphyrin testing at HDC. This has been initiated in the hopes of developing a
clinical test that could be specific for different forms of chronic toxicity that
induce subtle but distinct clinical syndromes. Porphyrias) disorders in which
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FIGURE 2A
Mandible Enhanced

FIGURE 2B
Mandible Unenhanced

FIGURE 2C
Mandible Enhanced

FIGURE 2D
Mandible Unenhanced
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FIGURE 2

Radiographic visualizations of two mandibular cavitations in
the same patient, using a standard radio-opaque contrast
medium. Note the difficulty in precisely localizing these
cavitations on the unenhanced X-rays. The patient had no
clinical symptoms specifically referable to these cavitations.
The mottled black area over the unenhanced mandibular
X-ray of the smaller cavitation is a film artifact.
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large amounts of urinary porphyrins are excreted, result from specific enzyme
defects in the heme biosynthetic pathway. The porphyrin excreted is typically
the substrate of the defective enzyme

Results
A review of the CV incidence on 112 randomly selected patients, who
underwent total dental revisions at HDC from 1991 through 1995,
was compiled. All old extraction sites were routinely explored for CVs,
regardless of radiological appearance. Practical considerations, such
as noting little residual space between adjacent teeth or anticipating
a likelihood of sinus penetration due to atypical closeness to the extraction site, may have precluded exploration. Cavitations were routinely found at more than 75% of all extraction sites. When not found,
the line of drill exploration healed very rapidly and did not present a
clinical problem. An analysis of 112 randomly selected patient charts
was done, with patient age ranging from 19 to 83 years among 40
males and 72 females.
The most commonly extracted teeth, the third molars ("wisdom
teeth"), produced CVs that were found by clinical exploration in 313
out of 354 extraction sites (88%). Cavitations were found in 35 of 50
second molar extraction sites (70%), and for first molars, 60 of 73
extraction sites showed CVs (82%). They were found in 441 of the
total number of 517 molar extraction sites explored (85%). For the
maxillary non-molars, evs were found in 72 of 123 extraction sites
(58%), and for mandibular non-molars, 23 of 51 extraction sites were
affected (45%). For all non-molars, the ev rate was 55%, representing
95 of 174 extraction sites. The overall CV rate, regardless of site, was
77% (536 out of 691 extraction sites) (Figure 3). Smaller CVs could
have been missed, making these percentages conservative.
It should be emphasized that this incidence of evs probably underrepresents the true figures. A number of practical considerations allow this conclusion. Since evs are usually radiologically invisible, the
exploratory drilling by the operator is a blind procedure and a greater
success rate will be achieved with increased experience. An incorrect
angle of attack can miss a large CV and small evs can be missed
even by an experienced operator. They can range in size from minuscule to greater than a cubic centimeter. Additionally, adjacent extraction sites will sometimes form an area ev, a small version of the
channel CV described below, and it may result in being counted only
as one if it is not completely clear that it arises from both sites. Fi-
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nally, the most obvious reason for not finding a CV is not looking for
it and such a consideration is included in the data as "evs not found."
Small anterior tooth extraction sites, as noted earlier, may simply not
be explored if the remaining spaces between surviving teeth appear
adequately minimized. Similarly, when the first bicuspids had been
removed to make room for orthodontic reconfiguration of teeth alignment with braces, enough adjacent tooth migration usually occurred
such that the areas for potential CV were obliterated or severely
downsized. It has to be a practical determination of the dental operator whether to pursue empirical exploration for tiny evs that might
persist in these anterior extraction sites, especially when braces follow the extractions.
Additional situations, although rare, in which evs occur that may
merit consideration for exploratory debridement, include undeveloped
tooth sites and sites of early incomplete, extra tooth development.
Also, patients may have had rare supernumerary molars removed in
addition to their third molars, and these sites can also cavitate. In
one patient who denied ever having her third molars removed, evs
were found in all 4 sites where the teeth were shown to be absent
radiologically. While a given patient can forget having had extraction
procedures, it appears that the vestigial remnants of undeveloped
teeth can also cavitate. They may also be found at potential supernumerary molar sites, perhaps representing the vestigial remnants of
those teeth, in the absence of any history of extraction of such teeth.
Clinical appearances of the detritus found in these holes at HDe
varied greatly. Common colors were green, yellow-green, and even a
dark, tarry appearance. Consistencies ranged from a thick "cottage
cheese" type to a loose t runny type. It would occasionally even be serous and clear in appearance. Sometimes putrid odors, usually noticed much more readily by the patient than the dental operator,
would also be noted. Bouquot (4) described additional lesion morphologies, which included accumulations characterized as blood
soaked sawdust, chocolate ice cream, spongy bone, gritty powdered
dust, and even green fatty globules. In patients who either were edentulous or just had large extents of missing teeth, it was typical that
the evs would interconnect and this was termed "channel cavitation."
These channel evs could be quite sizable, sometimes enough to accommodate a small pencil. Although no other references to such channel ev was found in the literature, they can be expected to be found
in most edentulous patients. Bouquot had also noted that individual
evs were capable of burrowing severa] centimeters from the primary
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extraction site and this would be consistent with the development of
channel CVs when all teeth have been extracted without removal of
the periodontal ligaments.
When enough chronically infected teeth have been removed in the
course of preparing for permanent full dentures, clinical improvement
may be anticipated in a wide variety of conditions. When, however,
the CVs that result outweigh the degree of toxicity removed, clinical
decline can be noted at the 3 to 4 month post extraction point, when
the jawbone appears to have healed. This illusion of healing, however,
masks the multitude of non-healing bony CVs now present, harboring
the previously friendly aerobic mouth flora in an anaerobic environment. Although edentulous patients generally consider themselves to
be spared any further such infectious toxicity, the toxicity has only
become less apparent, cloaked in the guise of cavitational osteonecrosis.

Porphyrin Testing
In only one patient, two different types of urinary porphyrin were
found in a specimen obtained immediately before cleaning out two
maxillary CVs at the third molar sites. Uroporphyrin was 134 microgramsJ24 hours, and coproporphyrin was 232 micrograms/24 hours.
The follow up specimen, obtained 2 weeks later, had no detectable
concentration of either porphyrin. The detection limit is 1 microgram
(Figure 4). No other dental work was performed at that time. Amalgam replacement with biocompatible composite material had already
been accomplished 6 months earlier. While far from being conclusive
on the basis of one patient, we believe that this is worth further research.
We conclude from this that CVs occur very commonly after teeth
are extracted in the standard manner utilized in dentistry today. The
pathological characteristics of these lesions may prove to impact the
health of many people severely, since most people have had their
third molars removed. Edentulous patients might have the greatest
risk of any potential toxicity.

Clinical Aspects
While a CV can result from any permanent tooth extraction, the molars appear to be the most frequent sites of these defects. The anterior
teeth, including the first bicuspids removed for orthodontic reasons,
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FIGURE 4

Urinary porphyrins detected before and after debridement of
two cavitations in a patient. Note that substantial levels of
coproporphyrin and uroporphyrin detected initially fall
below measurable levels after cavitation debridement.
will cavitate less frequently. Braces exert a physical pressure that
remodels bony structure, allowing the effective migration of teeth
over small distances. This effectively obliterates any potential CV
from a tooth extraction performed to make room for the eventual realignment of the teeth. When the first bicuspids are removed without
the subsequent placement of braces for non-orthodontic reasons, their
incidence of CV subsequently increases. Also, the smaller the tooth,
the less likely CV will result, as noted with the anterior lower teeth
extractions.
Routine dental extractions involve just the withdrawal of a tooth,
intact or in pieces. As long as all of the bony tooth is removed, the
extraction is considered to be complete. A most critical factor, how-
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ever, in socket healing is not addressed by this standard approach.
The periodontal ligament, which is the connective tissue attaching
the tooth to the alveolar bone, is seldom removed as part of the extraction procedure. Such removal would typically be inadvertent, resulting when the ligament uncharacteristically preferred adherence
to the tooth than to the surrounding bone. This ligament consists of
collagenous bundles between which are loose connective tissue, blood
vessels, lymph vessels and nerves (4). Also called the periodontal or
periodental membrane, its continued presence in the extraction site
effectively prevents the adjacent bone from biologically recognizing
that the tooth has been extracted. Bone cells are not going to proliferate spontaneously and migrate through a membrane intended by
nature to define their growth limits. As long as the periodontal ligament remains intact, or largely intact, the underlying bone cells consider the tooth to be present, and no biological signal for bone growth
is triggered. At the upper portion of the extraction site, however,
where there is no periodontal ligament, osteoblastic bone activity
does initiate, and a thin cortex of bone will heal across the hole. This
cap of bone is rarely more than several millimeters thick.
As already indicated, bacteria are found in the CV and the obvious
source is the oral cavity which is a teeming milieu of aerobic strains.
Microbiological studies have indicated anaerobic flora to be present as
well in the walls of the evs (5). At the moment the healing cap of
bone is complete over the extraction site, the CV has been officially
formed and it can never be sterile. Instead, it now has aerobic bacteria trapped in an anaerobic environment. This entire situation is
strongly analogous to Clostridium botulinum, an anaerobic but
aerotolerant organism that characteristically produces extremely potent exotoxins when placed in a significantly oxygen deprived environment. Virtually harmless to man in the presence of oxygen, it becomes deadly when most of that oxygen is removed. Similarly, the
mouth flora undergo metabolic transformations when oxygen deprived, and exotoxin production can be anticipated.
Discussion

Characteristics of Cavitations
A specific property of such bone cavities is that they are not readily
discernible on radiographic examination, and when they are detectable by X-ray, the changes are typically very subtle. The CV, because
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of this difficulty in its visualization, has even been branded as "invisible osteomyelitis." Most dental surgeons who are aware that a ev can
occur at an old extraction site persist in thinking that its presence is
ruled out when not apparent on X-ray. The vast majority of evs will
be missed by such a reliance, even some of the largest ones. The jawbone is already heavily trabeculated with many tiny holes due to the
porous nature of healthy bone and a larger hole, regardless of its
pathology, does not readily stand out. Additionally, the typical ev is
not routinely visualized on magnetic resonance imaging (MRl), computed tomography (CT), or with radioisotope bone scans, except technetium-99 scans (6).
Although it has been likened to osteomyelitis, the pathology and
natural history of CVs are really quite different from osteomyelitis.
Strong similarities, with almost identical microscopic patterns, are
seen in aseptic necrosis of bones elsewhere in the body. Pathologically, specimens from CV debridement typically show ischemic osteonecrosis. The CV appears to develop primarily as an avascular process rather than an infectious one. Indeed, bacteria are present in
evs, but they are not numerous enough to typify a primarily infectious process. It is possible that these bacteria may playa significant
role in the overall toxicity of evs by their production of toxic metabolic substances, resulting when previously aerobic strains from the
oral cavity are permanently subjected to anaerobic conditions. Typical
infection, that is, bacterial proliferation with large numbers of inflammatory cells, is definitely not seen. Neutrophils, the primary cells in
abscesses or smaller pus-filled lesions, are conspicuous by their absence (6). Minimal numbers of streptococci, along with atypical, multinucleated monocytes with up to 4 nuclei, may be seen. The monocytes probably represent the body's limited ability to scavenge the
breakdown products in the necrotic CV, but due to the avascular nature of the necrosis, such immune cells cannot access the core of the
CV in any great number. Lymphocytes are also seen, but sparsely,
with a relative absence of other inflammatory cells (7), Necrosis involves more than the mere death of cells or loss of their blood supply.
It refers to those structural changes that occur in cells subsequent to
their death while still within a living host. After coronary artery occlusion, necrotic changes will not be seen upon microscopic examination of heart tissue that had acutely lost its blood supply. Necrosis
only occurs when the catabolic intra- and extracellular enzymes of the
surviving host exert their effects on those tissues (8).
The standard, best, and really the only successful treatment for
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necrotic tissue is debridement. A healed-over hole with necrotic debris in the jawbone, however, does not allow the body to "autoamputate" as it might with a gangrenous fingertip. When any gangrenous
portion of the body cannot be spontaneously eliminated and surgical
debridement is not performed, death or some form of chronic disease
is the inevitable result because of the continual production, however
slow, of anaerobic bacterial necrotoxins. One could avoid this slow
toxicity if the gangrene was of the relatively rare, non-infected, dry
variety which can result in a mummification of the affected tissue. A
typically gangrenous limb that is not surgically separated from the
body will usually result in death of the patient. More focal areas of
gangrene, especially when sequestered in almost completely avascular pockets of bone, will not be expected to kill the organism, but they
can contribute to a wide variety of clinical illnesses. Pathologically,
evs are focal pockets of gangrene in the jawbone, since gangrene is
defined as necrosis due to obstruction of blood supply which may be
localized or widespread, as in an entire extremity. These bony pockets
invariably have some bacterial content, so a "dry gangrene" can never
be expected to form. Any continued bacterial presence will result in
ongoing production of bacterial metabolites and other waste products,
even if they are minimal.

Potential Public Health Impact
It must be made clear that cavitational osteonecrosis is not rare. In

fact, it is exceptionally common. Anyone who has had wisdom teeth
removed can expect to have CVs present, even if the extractions took
place decades earlier. While cases of neuralgia-inducing cavitational
osteonecrosis are now well documented, it is not necessary that overt
clinical disease of any kind be present for evs to exist. Even current
dental literature will refer to the existence of post-extraction CVs as
being a rare event. Such statements are usually made because it is
still not widely appreciated in dentistry that evs are usually not detectable on X-ray. A ev, obvious on radiological examination of the
jaw, is definitely the exception rather than the rule.
What, then, would be the significance for the average patient who
underwent wisdom teeth removal? The data presented would indicate
that a minimum of three evs would be present, and many individuals
would have four. The impact of only a few evs on a given individual's
health, by themselves, still needs to be determined. Clinical and labo-
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ratory changes in many of the patients at HDC have indicated that
evs clearly playa strong contributory role in negatively impacting
the immune system, along with any other dental toxicity present.
Alone, in an otherwise pristine mouth, they are still separately their
own negative influence on the immune system. Other negative forces
working against the immune system, such as the heavy metals used
in dentistry, may often appear to be the primary reasons for an immune system collapse or compromise. But like a felled boxer, the immune system only recovers optimally when totally unburdened. Except when present in massive numbers, CVs tend more to impede
immune system recovery than to be a primary cause of its collapse.
This, then, makes the effect of CVs on the public health especially
pernicious and insidious, as many people simply accept the onset of
different chronic diseases in middle age as being inevitable. Were evs
routinely revised, immune system function could rebound much more
effectively from any of the many insults inflicted upon it, and the
onset of truly chronic degenerative disease might be postponed for
years. Of course, using the proper extraction technique and avoiding
the formation of CVs would be optimal.
It was empirically observed several years ago at HDC, before CV
exploration and cleaning was a routine part of the total dental revision, that most patients showed some clear clinical and laboratory
improvements after their dental treatments. Many of the neurologically diseased patients such as those with multiple sclerosis, Alzheimer's disease, amyotrophic lateral sclerosis (ALS) and Parkinson's
disease, showed further dramatic leaps in their clinical status when
CV revision was added to the treatment protocol. In particular, both
Parkinson's disease and ALS patients had been uniformly unresponsive to dental treatment that included amalgam removal and root
canal filled tooth extraction. When CV revision was routinely undertaken, a great majority of such patients showed clearly discernible
improvement clinically and/or in laboratory testing. Sometimes this
would take the form of a less rapid rate of disease progression, especially with ALS, which is an "improvement" that most ALB patients
would gladly accept.
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8=6EI:G8DCI:CIH
9Zci^hignVcYXgVc^Vai]ZgVen/i]Za^c`h((,
7VX`\gdjcY((,
9ZciVaigZVibZciXVcZc]VcXZdg^c]^W^iXgVc^Va
igZVibZci((;jcXi^dcVa_Vldgi]deZY^Xdgi]dYdci^Xh((HigjXijgVa$[jcXi^dcVaVheZXihd[i]ZXgVc^VahnhiZb
())
IldXVjhZhd[YZciVagZaViZYY^higZhhVcYY^hZVhZ
()>cVeegdeg^ViZdgVahjg\^XVaegdXZYjgZh(*&
I]ZediZci^VaWZcZÅX^Va^c[ajZcXZhd[XgVc^Va
i]ZgVen(*,
DXX^e^iVagZaZVhZ(*,
AViZgVaVcYbZY^VaeiZgn\d^YgZaZVhZ(*,
He]ZcdWVh^aVghncX]dcYgdh^hH7H(*6YYgZhh^c\XgVc^Vadgi]deZY^XhZVgan^ca^[Z(*EgZkZciVi^kZigZVibZcihVkZheVi^ZciheV^cVcY
hj[[Zg^c\(*8dggZXi^c\XgVc^VaYnh[jcXi^dcYZciVaan(+&
:VgandWhZgkVi^dcVcYXgdhh"gZ[ZggVa(+&
>bedgiVcXZd[bjai^Y^hX^ea^cVgnVeegdVX](+)
8dcXajh^dc(+)
GZ[ZgZcXZh(+)

9:CI>HIGN6C98G6C>6AI=:G6EN/
I=:A>C@H
'HQWLVWV DORQJ ZLWK PRVW GRFWRUV DUH WDXJKW WR
DQDO\]H ERG\ V\VWHPV DQG ERG\ SDUWV VHSDUDWHO\
:H DUH WDXJKW WR FKDQJH RQH DUHD DW D WLPH
EXW VXFK DSSURDFKHV IUHTXHQWO\ LJQRUH WKH LQWHU
FRQQHFWHGQHVV RI WKH V\VWHPV LQ WKH KXPDQ ERG\
,I LW LV DFFHSWHG WKDW QRUPDO FUDQLDO PRWLRQ DQG
VWUXFWXUHDUHQHFHVVDU\IRUWKHRSWLPDOIXQFWLRQLQJ
RIWKHLQGLYLGXDO 3DJH6WRFNWRQ=HLQHV
  LW VKRXOG EH SRVVLEOH WR DFNQRZOHGJH WKDW
GHQWDOSURFHGXUHVFDQSRWHQWLDOO\KDYHGHELOLWDWLQJ
SRVVLEO\ ORQJWHUP HIIHFWV RQ D SHUVRQ·V KHDOWK
ZKHQ WKRVH SURFHGXUHV LQWHUIHUH ZLWK WKH RSWLPDO
IXQFWLRQLQJ RI WKH FUDQLDO FRPSOH[ )LVFKHU 
+RGJVRQ +DQVHQ0RUJDQHWDO6LPRQ
 
6LPLODUO\ FUDQLDO WUHDWPHQW PD\ EH OHVV HIIHF
WLYH LI LQDSSURSULDWH GHQWDO SURFHGXUHV SURGXFH
FKDQJHV WKDW LQWHUIHUH ZLWK QRUPDO IXQFWLRQ
)U\PDQQ 
,Q FRQWUDVW LW LV VXJJHVWHG WKDW GHQWDO WKHUDS\
WKDWFRQVLGHUVWKHZKROHERG\FDQUHVXOWLQPDMRU
EHQHÀWV HVSHFLDOO\ ZKHQ LQWHJUDWHG ZLWK VXLWDEOH
FUDQLDOWKHUDSLHV

768@<GDJC9
7KH FUDQLXP LV D FRPSDFW FRQWDLQHU ZLWK PDQ\
VWUXFWXUDOO\ DQG IXQFWLRQDOO\ LQWHUUHODWLQJ SDUWV
DQGWLVVXHV'\VIXQFWLRQRIDVLQJOHSDUWFDQDIIHFW

((-

8G6C>6AI=:G6EN6C99:CI>HIGN

WKH HQWLUH LQWHUUHODWHG V\VWHP 8SOHGJHU  
%HFDXVHRIWKLVDQLQWHJUDWHG¶ZKROHERG\·GHQWDO
DSSURDFKQHHGVWRWDNHLQWRDFFRXQWPRUHWKDQMXVW
WKHDFKLHYHPHQWRI¶VWUDLJKW·WHHWK *HOE
8SOHGJHU 
'HQWDO HGXFDWLRQ IRU WKH PRVW SDUW IDLOV WR
WDNH LQWR FRQVLGHUDWLRQ DUHDV RI WKH ERG\ EH\RQG
GHQWLWLRQWKHVWDWXVRIWKHPD[LOODHDQGPDQGLEOH
DQG WKHLU RFFOXVLRQ %UHLQHU  =HLQHV  
6LPLODUO\ PDQ\ SUDFWLWLRQHUV ZKR WUHDW WHPSRUR
PDQGLEXODU G\VIXQFWLRQ V\PSWRPV 70-
G\VIXQFWLRQ RU 70'  GR QRW ORRN EH\RQG WKH
LQWHUUHODWLRQVKLSV RI WKH PD[LOODH PDQGLEOH DQG
70- +UXE\  3DJH   ,VVXHV VXUURXQGLQJ
KDUG WLVVXH FRUUHFWLRQ VHHP WR EH JLYHQ PRUH
ZHLJKW WKDQ RWKHU FUDQLDO LQWHUUHODWLRQVKLS LVVXHV
6LPRQ   ,W LV QRW VXUSULVLQJ WKHUHIRUH WKDW
PXFK RI WKH GLVFXVVLRQ WKDW IROORZV LV QHLWKHU
XQGHUVWRRGQRUDFFHSWHGE\PDLQVWUHDPGHQWLVWU\
%UHLQHU&DUWHU=HLQHV 
,QWKLVFKDSWHUZHGHÀQHWKHJRDORIZKROHSHUVRQ
GHQWLVWU\DV
 KHDOWK\WRRWKVWUXFWXUH
 RSWLPDORFFOXVLRQ
 PDQGLEXODUPD[LOODU\UHODWLRQVKLSZLWKFRUUHFW
VWUXFWXUDOUHODWLRQVKLSEHWZHHQWKHPD[LOODWKH
VSKHQRLG DQG DOO RWKHU FUDQLDO ERQHV %UHLQHU
*HOE 

9:CI6AIG:6IB:CI86C:C=6C8:DG
>C=>7>I8G6C>6AIG:6IB:CI

;JC8I>DC6A?6LDGI=DE:9>8
DGI=D9DCI>8H DOVRNQRZQDVIXQFWLRQDOMDZ
RUWKRSHGLFVRU)-2
)XQFWLRQDO MDZ RUWKRSHGLF RUWKRGRQWLFV ¶7KH XVH
RI RUWKRSHGLF RUWKRGRQWLF DSSOLDQFHV WR LQIOXHQFH
WKH WHHWK DQG ERQH LQ VXFK D ZD\ DV WR VWLPXODWH
UHPRGHOLQJRUDOWHUDWLRQRIJURZWKSDWWHUQVRIWKH
MDZERQHV DQG DVVRFLDWHG QHXURPXVFXODU WLVVXHV·
=HLQHV $ORQJHUGHÀQLWLRQZRXOGEH
7KH XVH RI WRRWK DQG WLVVXH DQFKRUHG DSSOLDQFHV
GHVLJQHGWRFUHDWHFKDQJHGXULQJIXQFWLRQWRZDUG
WKH HYHQWXDO JRDO RI FUDQLDO V\PPHWU\ WKURXJK
RUWKRSHGLF PRYHPHQW DQG VRIW WLVVXH EDODQFH
ZKLOH DW WKH VDPH WLPH HPSKDVL]LQJ FRUUHFW 70-

PHFKDQLFVFUDQLDOVXWXUHFUDQLDOERQHDQGVDFUDO
PRWLRQ +RFNHO  +UXE\  :LHEUHFKW

)-2 FDQ KDYH SRVLWLYH HIIHFWV LQ WUDQVIRUPLQJ D
SHUVRQ·V OLIH 7KH DXWKRU KDV UHJXODUO\ LQ FOLQLFDO
SUDFWLFH REVHUYHG PDUNHG SRVLWLYH SK\VLFDO
PHQWDO DQG HPRWLRQDO FKDQJHV DV WKH IDFH VNXOO
DQG ERG\ DUH UHRUJDQL]HG IROORZLQJ DSSURSULDWH
GHQWDO FDUH 0DJRXQ  3DJH  6WDFN 
6WRFNWRQ 
'HSHQGLQJ RQ WKH LQGLYLGXDO·V EHOLHI V\VWHP
WKHVH EHQHÀFLDO FKDQJHV PLJKW EH DVFULEHG DV
GHULYLQJ IURP FKDQJHV LQ &6) PRYHPHQW FUDQLDO
VXWXUDO PRELOLW\ DQGRU PHPEUDQRXV DQG IDFLDO
VWUHVVUHGXFWLRQ *HOE 
6RPH FOLQLFDOO\ GRFXPHQWHG H[DPSOHV RI WKHVH
WUDQVIRUPDWLRQV LQFOXGH LQFUHDVHG VHOIHVWHHP
PDUNHGLPSURYHPHQWVLQVFKRROJUDGHVHQKDQFHG
HDVH RI OHDUQLQJ UHGXFHG $'' RU $'+' V\PS
WRPV LPSURYHG VRFLDO VNLOOV HDVH RI EUHDWKLQJ
EHGZHWWLQJ HOLPLQDWLRQ GHVLUH WR FKDQJH DEXVLYH
UHODWLRQVKLSVDQGLQFUHDVHGHQHUJ\
)-2 FDQ PDNH FUDQLDO WUHDWPHQW PRUH HIÀFLHQW
DQG HIIHFWLYH DQG KDYH ORQJHU ODVWLQJ EHQHÀWV
E\ HQFRXUDJLQJ WKH FRUUHFWLRQ RI XQGHUO\LQJ
VWUXFWXUDOSUREOHPV +RFNHO 

;?DVcVanh^hVcYigZVibZci[gdbVYZciVa
gZaVi^dch]^eed^cid[k^Zl
8aVhh>9ZciVagZaVi^dch]^eh
7KLVUHIHUVWRDIDLUO\QRUPDOUHODWLRQVKLSRIXSSHU
WRORZHUWHHWK+RZHYHUWKLVFODVVLÀFDWLRQGRHVQRW
DGGUHVVWKHKHDOWKRIWKH70-QRUWKHSRVVLEOHPDO
SRVLWLRQRIWKHPD[LOODHUHODWLYHWRWKHFUDQLDOEDVH
)RUH[DPSOHDSDWLHQWPD\SUHVHQWKDYLQJKDG
VHYHUDO WHHWK H[WUDFWHG D VHYHUH 70- G\VIXQFWLRQ
DV ZHOO DV FUDQLDO DQG HVWKHWLF GLVWXUEDQFHV DQG
GHVSLWH WKHVH SUREOHPV PD\ VWLOO KDYH D FODVVLÀ
FDWLRQ RI D &ODVV , RFFOXVLRQ PHUHO\ EHFDXVH WKH
WHHWKÀWWRJHWKHUZHOO
)LJXUH $ UHSUHVHQWV D SRVWWUHDWPHQW FDVH
ZLWKDQRUPDOIDFHIRUPDQG)LJXUH%GHPRQ
VWUDWHV DQ LQWUDRUDO YLHZ RI D QRUPDO RYHUELWH
YHUWLFDO RYHUODS  DQG RYHUMHW KRUL]RQWDO RYHUODS
RI WKH XSSHU MDZ FRPSDUHG WR WKH ORZHU MDZ  ,Q
WKLV&ODVV,FDVHWKH70-WRRWKDOLJQPHQWDQGMDZ
UHODWLRQVKLSDUHLGHDO

;jcXi^dcVa_Vldgi]deZY^Xdgi]dYdci^Xh

7dm&&#&  JcYZghiVcY^c\l]ViVcdi]Zg]ZVai]egd[Zhh^dcVabVnWZhVn^c\/Y^[[ZgZci
XaVhh^ÅXVi^dchhnhiZbh[dgi]ZhVbZegdWaZb
>cdgYZgidWZVWaZidZhiVWa^h]\ddYXdbbjc^XVi^dcl^i]
VYZci^hi^i^hk^iVai]Vii]ZgZ^hVcjcYZghiVcY^c\d[i]Z
WVX`\gdjcYd[]^h$]ZgY^V\cdh^h#I]ZgZVgZÅkZbV^cineZh
d[XaVhh^ÅXVi^dchjhZYidYZhXg^WZi]Z^ciZggZaVi^dch]^ed[
i]ZiZZi]!_VlhVcYh`jaa7dlWZZg'%%(!<ZaW&.,,#

I]Z[VX^VaWVaVcXZ^ckdakZhdcZ"i]^gYjeeZg!dcZ"
i]^gYb^YYaZVcYdcZ"i]^gYadlZg[VXZY^bZch^dch#I]^h
XaVhh^ÅXVi^dcXVcdkZgaVel^i]i]ZYZciVaXaVhh^ÅXVi^dc
^ci]Vi]dli]ZiZZi]Åiid\Zi]ZgXVcVahdWZgZaViZYid
]dli]Z[VXZVeeZVgh[gdbi]ZegdÅaZk^Zl#;dgZmVbeaZ/

> 9ZciVa
>> ;jcXi^dcVa
>>> :hi]Zi^X
>K GVY^d\gVe]^X
K 8gVc^Va#
:VX]XVcWZjhZYidYZhXg^WZi]ZhVbZXVhZ^cVY^[[ZgZci
lVn!l]^X]bZVchi]ViidXdbbjc^XViZ^i^hcZXZhhVgnid
ZhiVWa^h]VXdbbdcaVc\jV\Z#6WgdVYdkZgk^Zld[i]ZhZ
XaVhh^ÅXVi^dch[daadlh#

 8aVhh>YZbdchigViZhVcdgbVa$^YZVaegdÅaZ
 8aVhh>>9^k^h^dc>/i]ZadlZg_Vl^hgZXZhh^kZ
edhiZg^dganedh^i^dcZY
 8aVhh>>9^k^h^dc>>/]VhVW^iZ^cl]^X]i]ZYZci^i^dc
d[i]ZbVm^aaV]Vc\hidd[VgdkZgi]ZYZci^i^dcd[i]Z
adlZg·VcdkZgXadhZYkZgi^XVadgYZZeW^iZ
 8aVhh>>>/i]ZadlZg_Vl^hidd[Vg[dglVgYVcY\ZcZgVaan
i]ZjeeZg_Vl^hYZÅX^ZciVciZg^dgan8Za^X?Zgda^bdk
'%%'!:cadl&.,*#

9ZciVagZaVi^dch]^eh  8aVhhZh>·>>>gZaViZid]dli]Z

GVY^d\gVe]^XgZaVi^dch]^eh  I]ZbdhiXdbbdcan

jeeZgVcYadlZgiZZi]Åiid\Zi]Zg#I]^hXaVhh^ÅXVi^dc
ji^a^oZhi]ZÅghibdaVghVcYi]ZXjhe^YhZnZiZZi]Vh
gZ[ZgZcXZed^cihidYZhXg^WZVcYY^V\cdhZVXVhZ#I]^h
XaVhh^ÅXVi^dc^hVahd`cdlcVhYZhXg^W^c\dXXajh^dcdgi]Z
^ciZgY^\^iVi^dcd[i]ZjeeZgVcYadlZgiZZi]#>iYdZhcdi
]dlZkZgYZhXg^WZdgY^V\cdhZi]Z]ZVai]dg[jcXi^dcd[
i]ZIB?:cadl&.,*!HeV]aL^io^\&..&#

jhZYgVY^d\gVe]^XVcVanh^h^ckdakZhi]ZjhZd[
XZe]VadbZig^XM"gVnhaViZgVa]ZVYVcYcZX`!igVchXgVc^Va
M"gVnhd[i]ZIB?!8IdgBG>d[i]ZIB?$h`jaaVcY
eVcd\gVe]^XM"gVnd[i]ZadlZg]Va[d[i]Zh`jaa#

;jcXi^dcVagZaVi^dch]^eh  I]Z]ZVai]d[i]Z
IB?VcYcZjgdbjhXjaVghnhiZbXVcWZ^YZci^ÅZYWn
\gVY^c\i]ZYZ\gZZd[_d^ciYZ\ZcZgVi^dc[gdb&id)#
CZjgdbjhXjaVgYnh[jcXi^dcXVcWZ\gVYZYVXXdgY^c\id
i]ZYZ\gZZd[dkZg"dgjcYZgXdcigVXi^dci]gdj\]i]ZjhZ
d[ZaZXigdbnd\gVe]n#
:hi]Zi^XgZaVi^dch]^eh  I]^hXaVhh^ÅXVi^dc^hV
Y^V\cdh^hd[]dli]Z[VXZVeeZVgh[gdbi]Z[gdciVcYh^YZ#

8aVhh>>9^k^h^dc>YZciVagZaVi^dch]^eh
'LYLVLRQ , UHIHUV WR WKH RFFDVLRQV ZKHQ WKH XSSHU
WHHWK DUH DEQRUPDOO\ LQ IURQW RI WKH ORZHU WHHWK
FRPPRQO\ NQRZQ DV ¶EXFN WHHWK· 7KLV FRQGLWLRQ
LQYROYHV KDYLQJ D UHFHVVLYH ORZHU MDZ ZLWK RU
ZLWKRXW FURZGHG WHHWK 7KLV LV RIWHQ UHODWHG WR
KHDGDFKHVHDUSUREOHPV RWLWLVPHGLD 70-FOLFNLQJ
DQGDQDUURZFUDQLDOVWUXFWXUH H[WHQVLRQSDWWHUQ 
0RUJDQHWDO3ULFH 
)LJXUH $ UHSUHVHQWV WKH IDFLDO SURÀOH RI D
FODVVLF &ODVV ,, 'LYLVLRQ , PDORFFOXVLRQ )LJXUH

8gVc^VagZaVi^dch]^eh  I]ZgZVgZVcjbWZgd[
XaVhh^ÅXVi^dchl]^X]hZZ`idZmeaV^cbVa[dgbVi^dchVcY$
dgbVaVa^\cbZcihd[i]ZXgVc^VahigjXijgZ#6egd[Zhh^dcVa¼h
VW^a^inidXaVhh^[nhjX]X]VgVXiZg^hi^XhldjaYYZeZcY
dcigV^c^c\VcYWVX`\gdjcY![dgZmVbeaZ^cXgVc^Va
dhiZdeVi]ndgXgVc^dhVXgVai]ZgVen!=dlZaa¼hcZjgdXgVc^Va
gZhigjXijg^c\!dgi]dW^dcdbn!hVXgd"dXX^e^iVaiZX]c^fjZ
HDIVcYX]^gdYdci^Xh#:VX]VgZVd[hijYn]Vh^ihdlc
XaVhh^ÅXVi^dcbZi]dYhVcYe]^adhde]n!hdbZi^bZhbV`^c\
^iY^[ÅXjaiid]daYVbZVc^c\[jaXgdhh"ZYjXVi^dcVa"
WVX`\gdjcYY^hXjhh^dc#

%VKRZVWKHVDPHPDORFFOXVLRQIURPDQLQWUD
RUDO YLHZ 1RWH WKH KRUL]RQWDO SURWUXVLRQ RI WKH
XSSHU WHHWK RYHUMHW  7KH UHDOLW\ LV WKDW WKH ORZHU
MDZ LV H[WUHPHO\ UHWUXGHG UHFHVVLYH  ,Q FDVHV
VXFK DV WKLV LW ZRXOG EH D PLVWDNH IRU D GHQWLVW
RUWKRGRQWLVWWRH[WUDFWXSSHUELFXVSLGVLQRUGHUWR
PRYHWKHXSSHUWHHWKEDFNZDUGWRPDWFKWKHORZHU
MDZ &DUOVRQ 
$SSURSULDWH GHQWDO WUHDWPHQW RI WKLV SUREOHP
LQYROYHV ZLGHQLQJ WKH XSSHU MDZ ZLWK D IOH[LEOH
DSSOLDQFH VXFK DV WKH $GYDQFHG /LJKWZLUH

((.

()%

8G6C>6AI=:G6EN6C99:CI>HIGN

$
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%

;^\jgZ&&#&  66edhi"igZVibZciXVhZl^i]VcdgbVa[VXZ
[dgb#76c^cigVdgVak^Zld[VcdgbVadkZgW^iZkZgi^XVa
dkZgaVeVcYdkZg_Zi]dg^odciVadkZgaVed[i]ZjeeZg_Vl
XdbeVgZYidi]ZadlZg_Vl#>ci]^h8aVhh>XVhZi]ZIB?!
iddi]Va^\cbZciVcY_VlgZaVi^dch]^eVgZ^YZVa#

)XQFWLRQDO DSSOLDQFH $/) ² )LJ   FRPELQHG
ZLWK FUDQLDO WUHDWPHQW WR EDODQFH WKH PHFKDQLVP
%RWKPHWKRGVGHQWDODQGFUDQLDOFDQEHXWLOL]HGWR
HQFRXUDJHIRUZDUGUHSRVLWLRQLQJRIWKHPDQGLEOH$
WZLQEORFNRU%LRQDWRULVXVHGWRIXUWKHUDGYDQFH

%

;^\jgZ&&#'  6I]Z[VX^VaegdÅaZd[VXaVhh^X8aVhh>>
9^k^h^dc>bVadXXajh^dc#7I]ZhVbZbVadXXajh^dc[gdbVc
^cigVdgVak^Zl#CdiZi]Z]dg^odciVaegdigjh^dcd[i]ZjeeZg
iZZi]dkZg_Zi#I]ZgZVa^in^hi]Vii]ZadlZg_Vl^hZmigZbZan
gZigjYZYgZXZhh^kZ#>cXVhZhhjX]Vhi]^h^ildjaYWZV
b^hiV`Z[dgVYZci^hi$dgi]dYdci^hiidZmigVXijeeZgW^Xjhe^Yh
^cdgYZgidbdkZi]ZjeeZgiZZi]WVX`lVgYidbViX]i]Z
adlZg_Vl#

;jcXi^dcVa_Vldgi]deZY^Xdgi]dYdci^Xh

7dm&&#'  8dcigdaaZYVgX]YZkZadebZci
VcYcdc"hjg\^XVabVcY^WjaVgVYkVcXZbZci

;^\jgZ&&#(  6YkVcXZYA^\]il^gZ;jcXi^dcVaVeea^VcXZ#

WKHORZHUMDZDQGGHFRPSUHVVWKH70-7UHDWPHQW
FRPSOHWLRQ PD\ SRVVLEO\ LQYROYH XVH RI À[HG
RUWKRGRQWLF DSSOLDQFHV WR EULQJ WKH EDFN WHHWK
WRJHWKHU SURYLGLQJ WKH 70- ZLWK EHWWHU VXSSRUW
WKURXJK SURSHU RFFOXVLRQ 1RUGVWURP  6SDKO
:LW]LJ 

8aVhh>>9^k^h^dc>>9ZciVagZaVi^dch]^eh
7KLV LV WKH GLDJQRVLV WKDW UHSUHVHQWV D GHHS ELWH
ZKHUH WKH XSSHU WHHWK DUH ERWK IRUZDUG RI WKH
ORZHU DQG VHYHUHO\ RYHUODS WKHP YHUWLFDOO\ 7KH
UHVXOW LV DQ RXWZDUG IDFLDO DSSHDUDQFH RI D ODUJH
ORZHUOLSWKDWLQWXUQFDXVHVDFOHIWEHWZHHQWKHOLS
DQGFKLQ
7KLV FRQGLWLRQ LV FODVVLÀHG E\ -HFPDQ  
DQG RWKHUV DV D VSKHQREDVLODU V\PSK\VLV 6%6 
OHVLRQ LQ ZKLFK WKH 6%6 MXQFWLRQ LV LQ D ¶K\SHU
IOH[HG· SRVLWLRQ LQYDJLQDWHG VXSHULRUO\  7KLV
SRVLWLRQ WLSV WKH SRVWHULRU DVSHFW RI WKH PD[LOODH
XS DQG SRVWHULRUO\ FDXVLQJ WKH DQWHULRU PD[LOODH
WKH SUHPD[LOOD  WR URWDWH LQIHULRUO\ VR WKDW WKH
WLSV RI WKH IURQW WHHWK LQFOLQH SRVWHULRUO\ VHH
)LJ$% 7KHUHVXOWRIWKLVFRQGLWLRQLVWKDWWKH
PDQGLEOH LV WUDSSHG LQ D SRVWHULRU SRVLWLRQ ZLWK
WKH WHPSRUDO ERQHV LQ H[WHUQDO URWDWLRQ 0DJRXQ
 

9ZciVa igZVibZci  )LUVW WKH SUHPD[LOOD PXVW EH
UHOHDVHGLQWRDPRUHDQWHULRUSRVLWLRQ7KHWHHWKDUH
WLOWHGVRWKDWWKHWLSVDUHQRWUHWURLQFOLQHG,QRWKHU
ZRUGV D W\SH RI EXFN WRRWK SRVLWLRQ LV FUHDWHG
ZLWKWKHXSSHUIURQWWHHWKDKHDGRIWKHORZHUIURQW
WHHWK EHIRUHWKHPDQGLEOHDQGWHPSRUDOERQHVFDQ
FKDQJHSRVLWLRQ$SSOLDQFHVVXFKDVWKH7ZLQEORFN

8gVc^Vadgi]deZY^Xh^hViZgbi]Vi]ZaehidZmeaV^c
]dli]ZadlZg_Vl^hVWaZidbdkZ[dglVgY^cV
eVi^Zcil]d]VhVedhiZg^dganY^heaVXZYbVcY^WaZ#
I]ZbVcY^WaZXVccdibV`ZYgVhi^XX]Vc\Zh^c
edh^i^dcl^i]dji^ckdak^c\h^bjaiVcZdjhX]Vc\Zh^c
i]Zedh^i^dc![jcXi^dcVcYbdW^a^ind[i]ZiZbedgVa
VcYdi]ZgXgVc^VaWdcZh7V`Zg&.,&!?ZXbZc&..*!
BV\djc&.,.!Bdg\VcZiVa&.-'#
6l^YZkVg^Zind[Veea^VcXZYZh^\ch]VkZWZZc
jhZY[dgbVcnnZVghidVYkVcXZi]ZbVcY^WaZ#I]ZhZ
^cXajYZi]Z6cYgZhhdcVXi^kVidg!;gVc`ZaL^io^\
dgi]deZY^XXdggZXidg!BZldgi]digde^Xh!HkZY!@VihZk¼h
@";aZm!8aVg`¼hIl^cWadX`!CdgYhigdb¼h6A;VcYdi]Zgh#
6aai]ZhZVeea^VcXZhVgZYZeZcYZcidcV[[ZXi^c\
bV_dgXgVc^VaX]Vc\ZhidVXXdbea^h]i]Z^g\dVahd[
bVcY^WjaVgVYkVcXZbZci#BdhiYZci^hihjh^c\i]ZhZ
Veea^VcXZhYdcdi[jaangZVa^oZi]ZYZciVa·XgVc^Va
XdccZXi^dcVcYi]ZgZ[dgZYdcdijcYZghiVcYi]Z
edh^i^kZ^beVXiVXgVc^Vai]ZgVe^hiXVc]VkZdc
Vhh^hi^c\i]Z^gegd\gZhhOZ^cZh'%%%#;dgZmVbeaZ!^c
cdiVYZfjViZanegZeVg^c\[dgbVm^aaVgnYZkZadebZci!
Wdi]VciZg^dganVcYaViZgVaan!i]Z[dglVgYbVcY^WjaVg
bdkZbZcil^aaWZXdch^YZgVWan^beZYZY!WZXVjhZi]Z
bVm^aaV^hi]ZbVig^m[dgbVcY^WjaVgedh^i^dc
<ZaW&..)#>[W^gi]!\ZcZgVaigVjbVdg^begdeZg
cjig^i^dc]VhgZhig^XiZYi]ZcdgbVabVm^aaVgn\gdli]
VcYedh^i^dc!i]Zci]ZiZbedgVah!VcYi]jhi]Z
bVcY^WaZ!l^aaWZcZ\Vi^kZanV[[ZXiZY<ZaW&.,,!
CdgYhigdb'%%(!Eg^XZ&.)*#
I]ZVYkVciV\Zhd[i]^h[dgbd[igZVibZciVgZi]Z
VX]^ZkZbZcid[WZiiZg[VXZ[dgb!l^YZgbVm^aaVZVcY
on\dbVi^XegdXZhhZhVaadl^c\i]ZXgVc^VabZX]Vc^hb
\gZViZg[gZZYdbd[bdkZbZciVcYWZiiZg[dglVgY
edh^i^dc^c\d[i]ZadlZg_Vl9^VbdcY&.,.V#
BZX]Vc^XVaan!i]^higZVibZciVahdegdk^YZh^begdkZY
IB?[jcXi^dc!Zc]VcXZYYgV^cV\Zd[i]Zh^cjhZh
VcY:jhiVX]^VcijWZh!VhlZaaVh^begdkZY^ccZgZVg
[jcXi^dc!XgVc^Vabdi^dcVcYVbea^ijYZ=dX`Za&.-(#

$/) WZLQ EORFN %LRQDWRU HWF DUH WKHQ XVHG WR
IXUWKHUFRUUHFWWKHPDQGLEXODUSRVLWLRQ *HOE
 

GZhjaihdWiV^cZY
 &RUUHFWLRQRIWKH6%6UHVWULFWLRQ
 ,PSURYHG SRVLWLRQ RI WKH H[WHUQDOO\ URWDWHG
WHPSRUDOV

()&
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;^\jgZ&&#)  6!7I]ZVciZg^dgbVm^aaVZi]ZegZbVm^aaVVgZgdiViZY^c[Zg^dganhdi]Vii]Zi^ehd[i]Z[gdciiZZi]
^cXa^cZedhiZg^dgan#

 5HGXFHG RYHUELWH DQG RYHUMHW LPSURYLQJ IDFH
OHQJWKDQGHVWKHWLFV
 /HVVHQHGVWUHVVRIWKH70-FRPSOH[
 3RVLWLYHFKDQJHVLQSRVLWLRQLQJRIWKHQHFNEDFN
DQGQHXURPXVFXODUV\VWHP -HFPHQ 
$Q\ WHFKQLTXH ZKLFK PRELOL]HV WKH FUDQLRVDFUDO
PHFKDQLVP FDQ DVVLVW WKLV WUDQVIRUPDWLRQ 6PLWK
E 

8aVhh>>>9ZciVagZaVi^dch]^eh
,QWKLVGLDJQRVLVWKHORZHUMDZLVVHHQWREHLQIURQWRI
WKHXSSHUMDZ FRPPRQO\NQRZQDVDQXQGHUELWH ²
VHH)LJXUHV$DQG&$FUDQLDOGHVFULSWLRQPLJKW
LQFOXGH D PD[LOOD WKDW LV SRVLWLRQHG SRVWHULRUO\
UHFHVVLYHSXVKHG EDFN  ODWHUDOO\ FRQVWULFWHG DQG
DQWHULRUO\ XQGHUGHYHORSHG ,QWHUQDO URWDWLRQ RI
WKHWHPSRUDOERQHVLVDOVRRIWHQVHHQLQD&ODVV,,,
GLDJQRVLV 0DJRXQ 
7KH DXWKRU SURYLGHG GHQWDO WUHDWPHQW XWLOL]LQJ
XSSHU DQG ORZHU $/) DSSOLDQFHV ZLWK HODVWLFV

KRRNHG IURP WKH XSSHU SRVWHULRU WR WKH ORZHU
DQWHULRUWHHWK7KHHODVWLFVFDQHQFRXUDJH DQWHULRU
GHYHORSPHQWRIWKHPD[LOODHDQGSURYLGHDJHQHUDO
ZLGHQLQJ HIIHFW RI WKH XSSHU DUFK 1RUGVWURP
 $VVKRZQLQ)LJXUHV%DQG'WKHUHVXOWV
REWDLQHGE\VXFKWKHUDSLHVFDQEHH[FHOOHQW
/RZ WRQJXH SRVWXUH DOPRVW DOZD\V SUHVHQW 
VKRXOGEHDGGUHVVHGZLWKVSHFLDOWRQJXHUHWUDLQLQJ
P\RIXQFWLRQDO WKHUDS\  *HOE    7KH
WUHDWPHQW JHQHUDOO\ LQFOXGHV VWLPXODWLQJ WKH
PD[LOODHWREHFRPHZLGHUDQGSRVLWLRQHGDQWHULRUO\
7KLVFUHDWHVPRUHURRPIRUWKHWRQJXHLQWKHURRI
RIWKHPRXWK
7KH WHPSRUDOV FDQ EH IXUWKHU EDODQFHG ZLWK
FUDQLDOWKHUDS\DQGLPSURYHGYHUWLFDOGHYHORSPHQW
WKLV DGGV WR 70- VXSSRUW  ZKLFK LV HQFRXUDJHG
ZLWKWKHXVHRIHODVWLFV 6SDKO :LW]LJ 
,PSURYHG70-IXQFWLRQDQGLPSURYHGHVWKHWLFV
RIIDFLDOIHDWXUHVFDQEHDFKLHYHGXVXDOO\ZLWKRXW
VXUJLFDO LQWHUYHQWLRQ :KHQ WUHDWPHQW LV VWDUWHG
EHIRUHDJH² WKH\RXQJHUWKHEHWWHU²\HDUV

;jcXi^dcVa_Vldgi]deZY^Xdgi]dYdci^Xh

$

&

%

'

;^\jgZ&&#*  6·98aVhh>>>YZciVagZaVi^dch]^e#I]ZadlZg_Vl^h^c[gdcid[i]ZjeeZg_VlXdbbdcan`cdlc
VhVcjcYZgW^iZ#

LV EHVW  WKH SRVVLELOLW\ RI UHVRUWLQJ WR VXUJLFDO RU
H[WUDFWLRQ WKHUDS\ LV JUHDWO\ UHGXFHG 3DJH 
6LPRQ 

;jcXi^dcVa_Vldgi]deZY^X;?DVcVanh^hVcY
igZVibZci[gdbVXgVc^VagZaVi^dch]^eed^cid[
k^Zl
0DQ\ YDULHG FUDQLDO FRQGLWLRQV DUH GHVFULEHG LQ
WKHOLWHUDWXUHLQFOXGLQJVLGHIOH[LRQVODWHUDOVWUDLQV
YHUWLFDO VWUDLQV DQG WRUVLRQV 6XFK G\VIXQFWLRQDO
SDWWHUQV DUH FRPPRQO\ SUHVHQW LQ FRPELQDWLRQV

1RUGVWURP   ,Q RUGHU WR GHPRQVWUDWH KRZ
GHQWDO RUWKRSHGLFV FDQ DVVLVW LQ WKH FRUUHFWLRQ RI
WKHVH SDWWHUQV D VLGHEHQGYHUWLFDO VWUDLQ FRPEL
QDWLRQKDVEHHQFKRVHQ
$ VLGHEHQG VLGHIOH[LRQ  G\VIXQFWLRQ SDWWHUQ
LV D FUDQLDO FODVVLÀFDWLRQ RI DQ LPEDODQFHG FUDQLDO
IRUP ,Q WKLV FODVVLÀFDWLRQ WKH IDFH ZKHQ YLHZHG
IURP WKH IURQW DSSHDUV WR KDYH RQH VLGH ZKLFK
LV ZLGHU DQG FRPSUHVVHG YHUWLFDOO\ LQYROYLQJ
H[WHUQDO URWDWLRQ RI WKH WHPSRUDO ERQH  ZLWK WKH
RWKHUVLGHDSSHDULQJQDUURZHUDQGORQJHU LQWHUQDO
URWDWLRQRIWKHWHPSRUDOERQH 

()(
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8G6C>6AI=:G6EN6C99:CI>HIGN

)LJXUHV $ DQG & VKRZ DQ H[DPSOH RI WKLV
G\VIXQFWLRQ WKH ULJKW VLGH RI WKLV SDWLHQW FDQ EH
VHHQ WR EH FRPSUHVVHG DQG WKH ORZHU MDZ VKLIWHG
WRWKHULJKW
,W KDV EHHQ UHSRUWHG E\ QXPHURXV H[SHUWV WKDW
HDUSUREOHPVFDQRIWHQEHIRXQGRQWKHLQWHUQDOO\
URWDWHG VLGH )U\PDQQ  )XVKLPD HW DO 
0DJRXQ   +HDGDFKHV VRPHWLPHV VHYHUH  DUH
FRPPRQO\DOVRVHHQLQWKHVHFDVHVDVLVXQLODWHUDO
FKHZLQJ RQ WKH LQWHUQDO WHPSRUDO VLGH ZKLFK
FUHDWHVIXUWKHUFUDQLDOLPEDODQFH7LQQLWLVLVSRVVLEOH
LQODWHUOLIHDQGLWVV\PSWRPVDUHJHQHUDOO\ORFDWHG
RQ WKH VLGH RI WKH LQWHUQDOO\ URWDWHG WHPSRUDO
0DJRXQ 

9ZciVaigZVibZci
7KHXSSHUDQGORZHU$/)DSSOLDQFHLVXVHGZLWK
HODVWLFV SRVLWLRQHG RQ WKH XSSHU RXWVLGH RI WKH
H[WHUQDOO\ URWDWHG ZLGH  VLGH GRZQ WR WKH ORZHU
LQVLGHRQWKHVDPHVLGH
7KLVDFWLRQKHOSVWRKROGWKHZLGHVLGHE\¶SXWWLQJ
WKHEUDNHVRQ·WKHPD[LOODZLWKHODVWLFVRQWKH$/)
RU&UR]DWDSSOLDQFH7KLVFDXVHVWKHRSSRVLWHVLGH
RIWKHPD[LOODWRUHFHLYHODWHUDOVWLPXODWLRQIURPWKH
H[SDQGLQJDSSOLDQFHWUDQVÀ[HGWRLW
7KH LQWHUQDOO\ URWDWHG VLGH WKHUHIRUH EDODQFHV
RXWDQGWKHPDQGLEOHLVWKHQHQFRXUDJHGWRFRUUHFW
LWV SRVLWLRQ E\ PRYLQJ DQG URWDWLQJ WRZDUG WKH
LQWHUQDOO\URWDWHGVLGH -HFPHQ 
&UDQLDO WKHUDS\ KHOSV WR IDFLOLWDWH WKH FKDQJH
WKURXJKPRELOL]DWLRQRIWKHLQWHUQDOO\URWDWHGVLGH
DV ZHOO DV QRUPDOL]LQJ IXQFWLRQDO EHKDYLRU RI
WKH VSKHQRLG RFFLSXW DQG WHPSRUDOV 6PLWK 
8SOHGJHU 
7KH DXWKRU VXJJHVWV WKDW ZKHQ FKDQJHV DUH
RQO\ PDGH GHQWDOO\ DV GHVFULEHG DERYH  ZLWKRXW
DFFRPSDQ\LQJ FUDQLDO VXSSRUW WKH UHVW RI WKH
FUDQLRVDFUDO V\VWHP FDQ EH OHIW LQ D VWDWH RI VXE
FOLQLFDORUFOLQLFDOGLVWUHVV
,Q WKH FDVH RI WKH SDWLHQW VHHQ LQ )LJXUH 
DQ LPPHGLDWH YHUWLFDO GLPHQVLRQ UHVWRUDWLRQ ZDV
DFFRPSOLVKHG E\ EXLOGLQJ XS WKH YHUWLFDO VXSSRUW
RYHUWKHORZHUEDFNWHHWK8VHRIDQ$/)DSSOLDQFH
ZLGHQHG WKH PD[LOOD DQG HODVWLFV KHOSHG GHYHORS
WKH PD[LOOD DQWHULRUO\ $ .ZLUH ZDV DQFKRUHG WR
WKH XSSHU FXVSLGV H\HWHHWK  WR IXUWKHU HQFRXUDJH
ZLGHQLQJRIWKHPD[LOODU\DUFK .DWVHY 

%\ XVLQJ IXQFWLRQDO MDZ RUWKRSHGLFV WR FRUUHFW
WKLV W\SH RI FUDQLDO OHVLRQ FRPELQDWLRQV RI WKH
IROORZLQJ EHQHÀWV KDYH EHHQ UHSRUWHG 'LDPRQG
D3DJH 
 5HVWRUDWLRQ RI QRUPDO IDFLDO V\PPHWU\
)LJ%'
 %LODWHUDOFKHZLQJ
 1RUPDOL]HGFUDQLDOPRWLRQDQG&6)IORZ
 ,PSURYHG70-IXQFWLRQ
 ,PSURYHPHQWRUHOLPLQDWLRQRIDYDULHW\RIRWKHU
V\PSWRPV SK\VLFDOPHQWDOHPRWLRQDO 
([DPSOHV RI D VLGHEHQG SDWWHUQ RI G\VIXQFWLRQ
PD\EHSUHVHQWLQD&ODVV,,,RU,,,PDORFFOXVLRQ
$OO OHVLRQ DQG VWUDLQ SDWWHUQV PD\ EH SUHVHQW
LQ FRPELQDWLRQV RIWHQ RYHUOD\LQJ RQH DQRWKHU ,W
LV IRU WKLV UHDVRQ WKDW FRRNERRN DQDO\WLFDO DQG
UHGXFWLRQLVW PHWKRGV RI GLDJQRVLV DOWKRXJK
QHFHVVDU\ PD\ OHDG WR LQFRPSOHWH DQG OLPLWHG
VXFFHVV &DWKLH=HLQHV 

HIGJ8IJG6A$;JC8I>DC6A6HE:8IHD;I=:
8G6C>6AHNHI:B
>bea^XVi^dchd[kZgi^XVaY^bZch^dc
:LWKLQ GHQWLVWU\ YHUWLFDO GLPHQVLRQ UHIHUV WR
WKH GLVWDQFH EHWZHHQ WKH DOYHRODU SURFHVV RI
WKH PDQGLEOH DQG WKH PD[LOOD LQ RWKHU ZRUGV
WKHKHLJKWRIWKHERQHVDQGWHHWKIURPWKHQRVHWR
WKH FKLQ ,I D SHUVRQ KDV DOO WKHLU WHHWK UHPRYHG
ZLWKQRGHQWXUHVLQSODFHWKHLUQRVHZRXOGQHDUO\
WRXFK WKHLU FKLQ 0LVVLQJ RQH RU PRUH EDFN WHHWK
RU ZHDULQJ GHQWXUHV ZLWK LQDGHTXDWH YHUWLFDO
GLPHQVLRQ ZLOO WR D OHVVHU GHJUHH KDYH WKH HIIHFW
RIUHGXFLQJYHUWLFDOVXSSRUWEXWOHVVGUDPDWLFDOO\
VHH)LJ$ 
8QOHVV GHQWDO RUWKRSHGLFV À[HG RU UHPRYDEOH
GHQWXUHV FURZQV RU EULGJHV DUH LQFOXGHG LQ WKH
WUHDWPHQW SODQ UHGXFHG YHUWLFDO GLPHQVLRQ FDQ
FDXVHGLVUXSWLRQRIQHXURPXVFXORVNHOHWDOEDODQFH
7KLV ZLOO RIWHQ UHVXOW LQ G\VIXQFWLRQV WKDW DUH
UHVLVWDQWWRFUDQLDOWKHUDS\

Hnbeidbhd[kZgi^XVaY^bZch^dc^cVYZfjVXn
6\PSWRPVWKDWDUHVHHQLQVXFKFDVHVPD\LQFOXGH
LQQHUHDUSUREOHPVLQYROYLQJKHDULQJORVVWLQQLWXV
DQG LQIHFWLRQV WULJHPLQDO QHXUDOJLD ERQHWRRWK

HigjXijgVa$[jcXi^dcVaVheZXihd[i]ZXgVc^VahnhiZb

SDLQ VOHHS DSQHD VHYHUH KHDGDFKHV DQG VLQXV
LQIHFWLRQ ZKLFKPD\OHDGWRWRRWKGHDWKDQGERQH
LQIHFWLRQV  )LVFKHU0RUJDQHWDO 
,WKDVEHHQVXJJHVWHG 0RUJDQHWDO6272
  WKDW ZKHQ WKHUH LV LQDGHTXDWH VXSSRUW
IRU WKH 70- SDWLHQWV PD\ H[KLELW LUUHVROYDEOH
XQUHVSRQVLYH VWUXFWXUDOO\ UHODWHG 70- SDLQ
MXJXODU IRUDPHQ LPSLQJHPHQW ZLWK YDJDO QHUYH
FRPSUHVVLRQ HTXLOLEULXP SUREOHPV 0pQLqUH·V
V\QGURPH &RVWHQ·V V\QGURPH  WHPSRUDO DUWHU\
FRPSUHVVLRQ DQG FRPSUHVVLRQ RI RFFLSLWRPDVWRLG
VXWXUHDQGQHUYHV

GZhjaihd[VgZhidgZYkZgi^XVaY^bZch^dc
:KHQ D SDWLHQW·V YHUWLFDO GLPHQVLRQ LV UHVWRUHG
HLWKHU WHPSRUDULO\ ZLWK DSSOLDQFHV RU PRUH
SHUPDQHQWO\ZLWKSURVWKHWLFVRUE\PHDQVRI)-2 
WKH 70- LV UHVWRUHG WR SURSHU IRUP DQG IXQFWLRQ
WKXVUHGXFLQJ70-UHODWHGSDLQDQGFRQG\ODUDQG
RUGLVNGLVSODFHPHQW *HOE 
5HVWRUDWLRQ RI WKH YHUWLFDO GLPHQVLRQ FDQ DOVR
DOOHYLDWH PDQ\ XQGHUO\LQJ SUREOHPV WKDW ZRXOG
RWKHUZLVH LQKLELW WKH HIIHFWLYHQHVV RI FUDQLDO
WUHDWPHQW
7DNH DV DQ H[DPSOH \DZQLQJ ZKLFK LQYROYHV
WUDQVODWLRQ RI WKH PDQGLEXODU FRQG\OHV WR WKH
HPLQHQFH RI WKH JOHQRLG IRVVDH DQG D PD[LPXP
RSHQLQJ RI DW OHDVW  PP 6WUXFWXUDO FRUUHFWLRQV
DOORZ IRU WKLV PRWLRQ RI \DZQLQJ DV ZHOO DV
FKHZLQJ WRLPSURYH -HFPHQ0DJRXQ 
2QFH 70- IRUP DQG IXQFWLRQ DUH UHVWRUHG
WKH PXVFOHV DQG OLJDPHQWV RI WKH DUHD VXFK DV
VW\ORPDQGLEXODUVW\ORK\RLGVW\ORPDVWRLGLQWHUQDO
SWHU\JRLGWHQVRUYHOLSDODWLQLWHQVRUW\PSDQL DUH
OLNHO\ WR DVVXPH QRUPDO OHQJWK DQG WHQVLRQ 7KLV
UHGXFHV LPSLQJHPHQW RQ WKH YHVVHOV O\PSKDWLF
EORRGDQGFHUHEURVSLQDO PXVFOHVDQGQHUYHVLQWKH
UHJLRQ$QH[DPSOHLVWKHYDJXVJORVVRSKDU\QJHDO
LWV DFFHVVRU\ QHUYHV DQG LQWHUQDO MXJXODU YHLQ DV
WKH\ SDVV QHDU DQG WKURXJK WKH MXJXODU IRUDPHQ
MXVW PHGLDO DQG SRVWHULRU WR WKH 70- FRPSOH[
)HHOH\0DJRXQ 
2QFH YHUWLFDO GLPHQVLRQ LV UHVWRUHG DQG WKH
FRQG\OH²IRVVD UHODWLRQVKLS LV EDODQFHG WKH
WHPSRUDO ERQHV DSSHDU WR H[SHULHQFH JUHDWHU
IUHHGRP WR UHVXPH QRUPDO LQWHUQDO DQG H[WHUQDO
URWDWLRQ(TXLOLEULXPGLIÀFXOWLHVVXFKDV0pQLqUH·V
DQG &RVWHQ·V V\QGURPHV KDYH EHHQ UHSRUWHG WR

EH UHODWHG WR DQ H[FHVVLYH LQWHUQDO URWDWLRQ RI
WKH WHPSRUDO ERQH 0DJRXQ   5HVWRULQJ WKH
WHQVLRQVRIWKHPHGLDO70-UHJLRQWKHWHQVRUYHOL
SDODWLQL DQG WKH WHQVRU W\PSDQL DFFRPSDQLHG E\
UHOD[DWLRQ RI WKH (XVWDFKLDQ WXEH FDQ FRQWULEXWH
WRJUHDWHUHDVHLQWKHPDQLSXODWLRQRIWKHWHPSRUR
RFFLSLWDO UHJLRQ DV ZHOO DV WR JUHDWHU VWDELOLW\
RQFH FRUUHFWLRQ LV DFKLHYHG 0DJRXQ  
0RUJDQHWDO 
)LJXUH $ GHPRQVWUDWHV D ORVV RI YHUWLFDO
VXSSRUWGXHWRERQHUHVRUSWLRQXQGHUWKHGHQWXUHV
7KH SDWLHQW·V GHQWXUHV ZHUH  \HDUV ROG DQG
QHHGHGWHPSRUDU\UHOLQLQJIROORZHGE\QHZXSSHU
DQGORZHUGHQWXUHV2QFHWUHDWPHQWZDVFRPSOHWHG
WKH SDWLHQW·V IDFLDO SURÀOH ZDV LPSURYHG VHH
)LJ %  +HDGDFKHV ZHUH HOLPLQDWHG IRU WKLV
SDWLHQW IROORZLQJ WKH FKDQJH LQ FRQMXQFWLRQ ZLWK
FKLURSUDFWLFFDUHDQGFUDQLDOWKHUDS\

>bea^XVi^dchd[h^cjh[jcXi^dcVh^igZaViZhid
kZgi^XVaY^bZch^dc
1HXURPXVFXODU LPEDODQFH EURXJKW DERXW E\ WKH
PDQ\ VWUXFWXUDO HIIHFWV RI DQ LQDGHTXDWH YHUWLFDO
GLPHQVLRQ UHVXOWV LQ UHGXFHG IOXLG IORZ WKURXJK
WKH VLQXV FDYLWLHV 7KH UHVXOWDQW FRQJHVWLRQ LQ WKH
VLQXV FDYLWLHV FDQ LQKLELW WKH EHQHÀFLDO HIIHFWV RI
FUDQLDOWUHDWPHQW5HVWRUDWLRQRILPSURYHGYHUWLFDO
GLPHQVLRQ WR WKH PRXWK UHVWRULQJ SURSHU QHXUR
PXVFXODU EDODQFH DQG IXQFWLRQ WR WKH PXVFOHV RI
PDVWLFDWLRQ LPSURYHV WKH IORZ RI IOXLGV WKURXJK
WKH VLQXV FDYLW\ DQG DOORZV LQFUHDVHG IUHHGRP RI
VXWXUDOPRWLRQWKXVLQFUHDVLQJWKHHIIHFWLYHQHVVRI
FUDQLDOWKHUDS\
,QDSSURSULDWH VKRUWHQHG PXVFOHOHQJWKFDXVHG
E\ DQ LQDGHTXDWH YHUWLFDO GLPHQVLRQ UHGXFHV WKH
HIIHFWLYHQHVV RI WKH PDVWLFDWLQJ PXVFOHV 3URSHU
IXQFWLRQ RI WKRVH PXVFOHV DSSHDUV WR EH ODUJHO\
UHVSRQVLEOH IRU SRZHULQJ WKH DFWLRQ DQG GUDLQDJH
RIWKHVLQXVHV 6272 
$ VXJJHVWHG VHTXHQFH PLJKW LQYROYH WKH
IROORZLQJ

EgdeZg[jcXi^dc
 &RUUHFW RFFOXVLRQ LQ FRPELQDWLRQ ZLWK HIÀFLHQW
PDVWLFDWLRQ FDXVHV H[WHUQDO URWDWLRQ RI WKH
PD[LOODHGXULQJFKHZLQJDQGVZDOORZLQJ
 7KLV FUHDWHV D SXPSLQJ PRWLRQ WKDW DLGV IOXLG
IORZLQWKHVLQXVFDYLWLHV

()*
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5HGXFHG PRWLRQ RI WKH PD[LOODU\PDQGLEXODU
FRPSOH[PD\SURGXFHDGRPLQRHIIHFWUHVXOWLQJLQ
WKHGLVUXSWLRQRIQHXURPXVFXODUEDODQFHZKLFKLQ
WXUQLPSDFWVRQVLQXVIXQFWLRQ

>begdeZg[jcXi^dc
 7KH UHVXOWDQW UHGXFWLRQ LQ H[WHUQDO URWDWLRQ RI
WKH PD[LOODH UHGXFHV IXQFWLRQ RI WKH PD[LOODU\
GLYLVLRQRIWKHWULJHPLQDOQHUYH
 ,W DOVR UHGXFHV VWLPXOL WR WKH FLOLD UHVXOWLQJ
LQ OHVV FLOLDU\ PRWLRQ *HOE  /XQGEHUJ 
:HLW]EHUJ 
 'LPLQLVKHG FLOLDU\ PRWLRQ PRYHV WKH IOXLGV
WKURXJKWKHVLQXVHVOHVVHIÀFLHQWO\

$

1RUPDOL]DWLRQ RI ELODWHUDO FKHZLQJ LPSURYHV
IXQFWLRQRIWKHPD[LOODU\VLQXVHVDVZHOODVRWKHU
VLQXVHV VXFK DV WKH QDVDO IURQWDO DQG VSKHQRLGDO
)RQGHU  *HOE  3DJH  8SOHGJHU
 
:KHQ FRUUHFWLRQ RI IXQFWLRQ LV DFFRPSOLVKHG
LQDJURZLQJSDWLHQWUHGXFHGSUHVVXUHVDOORZWKH
PD[LOODU\ WXEHURVLW\ WR DFKLHYH JUHDWHU JURZWK
DOORZLQJ IRU D ODUJHU PRUH HIÀFLHQW VLQXV FDYLW\
(QORZ*HOE 

I]Z^bedgiVcXZd[XdggZXiV^glVn[jcXi^dc

%

;^\jgZ&&#+  6Adhhd[kZgi^XVahjeedgiYjZidWdcZ
gZhdgei^dcjcYZgi]ZYZcijgZh#7I]ZeVi^Zci¼h[VX^VaegdÅaZ
lVh^begdkZYWni]ZigZVibZci#

 'HFUHDVHGHIÀFLHQF\RIWKHVHPXVFOHVUHVXOWVLQ
GLPLQLVKHGIOXLGIORZWKURXJKWKHVLQXVHV
 7KLV UHGXFHG IOXLG IORZ PD\ OHDG WR LQFUHDVHG
SUHVVXUHV ZKLFK LQKLELW WKH IUHHGRP RI VXWXUDO
PRYHPHQWSRVVLEO\OLPLWLQJWKHHIIHFWLYHQHVVRI
FUDQLDOWUHDWPHQW

1RUPDOQDVRSKDU\QJHDODLUZD\IXQFWLRQLVHVVHQWLDO
WR DSSURSULDWH FUDQLDO JURZWK 70- KHDOWK DQG
FRUUHFW PDQGLEXODU SRVLWLRQLQJ 5HVWULFWLRQ RI WKH
DLUZD\DQ\ZKHUHEHWZHHQWKHQRVHDQGWKHDOYHROL
RI WKH OXQJV FDQ FUHDWH D QXPEHU RI VLJQV DQG
V\PSWRPV )LJ /RQJWHUPG\VIXQFWLRQRIWKH
QDVRSKDU\QJHDODLUZD\FDQLQVRPHFDVHVUHVXOWLQ
SRVWXUDOFKDQJHVZKLFKFDQIXUWKHULQKLELWFRUUHFW
FUDQLDOIXQFWLRQ *HOE 
$ GLVFXVVLRQ RI SURSHU DLUZD\ IXQFWLRQ LWV
HIIHFWVDQGLWVSUHVHQWDWLRQLVQRWRQO\DSSURSULDWH
ZKHQ FRQVLGHULQJ YHUWLFDO VXSSRUW DV GLVFXVVHG
DERYH  EXW DOVR LQ UHODWLRQ WR D SHUVRQ·V RYHUDOO
KHDOWK 3RRU GLHWDU\ FRQWURO FRQVXPLQJ IRRGV
WKDW WULJJHU DOOHUJLF UHDFWLRQV  RWKHU DOOHUJLHV
FDYLWDWLRQLQGXFHG VLQXV LQIHFWLRQV VHH ODWHU LQ
WKLV FKDSWHU  FKURQLF RU DFXWH LPPXQH V\VWHP
GLVWXUEDQFHV IURP DQ\ VRXUFH  DQG PDQ\ RWKHU
FDXVDWLYHIDFWRUVFDQLQGXFHDFXWH²SRVVLEO\OHDGLQJ
WR FKURQLF ² QDVRSKDU\QJHDO DLUZD\ G\VIXQFWLRQ

HigjXijgVa$[jcXi^dcVaVheZXihd[i]ZXgVc^VahnhiZb

$LUZD\REVWUXFWLRQOHDGVWR

;^\jgZ&&#,  I]ZVXjiZ$X]gdc^X
cVhde]Vgnc\ZVaV^glVnYnh[jcXi^dc·edhijgVa
XdggZXi^dc·WdYnVYVeiVi^dcXnXaZd[X]Vc\Z#

QHXURPXVFXODU
LPEDODQFH
ZKLFKEULQJVRQ

DLUZD\
REVWUXFWLRQ
ZKLFKOHDGVWR

IRUZDUGKHDG
SRVWXUHWKDW
LQFUHDVHV

DEQRUPDO
FHUYLFDO
FXUYDWXUH
DQGFUHDWHV

PRXWKDQGFKHVW
EUHDWKLQJ
ZKLFKFDXVHV

7KLV G\VIXQFWLRQ DV GLVFXVVHG EHORZ FDQ OHDG WR
VHULRXV LQKLELWLRQV RI FUDQLDO IXQFWLRQ 3DJH 
5XELQ6WRFNWRQ 

DQWHULRUIDVFLD
VWUDLQWKDWFDQ
FDXVHVWUXFWXUDOFKDQJHV
WKDWOHQGLPSHWXVWR

 %HGZHWWLQJ
 &URZGHGWHHWK

:[[ZXihd[[jcXi^dcVacVhVaWgZVi]^c\
6XjiZh^\chVcYhnbeidbhd[VYnh[jcXi^dcVa
cVhde]Vgnc\ZVaV^glVn9^VbdcY&.,.W!
;dcYZg&..%!HidX`idc&...











6RUHWKURDWZLWKLQIHFWLRQV
6KRXOGHUSDLQ
0LGGOHDQGORZEDFNSDLQ
6OHHSGLVRUGHUV
0RRGLQHVV
$OOHUJLHV ERWKDVFDXVHDQGHIIHFW
6ZDOORZLQJGLIÀFXOWLHV
(DUSUREOHPV
9HUWLJR
5HGXFHGIOXLGIORZWRDQGIURPWKHKHDG

8]gdc^Xh^\chVcYhnbeidbhd[VYnh[jcXi^dcVa
cVhde]Vgnc\ZVaV^glVn8]Vg&.-%!<ZaW&..)!
=dX`Za&.-(!GjW^c'%%(







,QFUHDVHGGHFD\RIWHHWKDQGERQH
$GYHUVHFHUYLFDOFXUYDWXUH
)DFLDOGHIRUPLW\
70-G\VIXQFWLRQ
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1DVDO EUHDWKLQJ PD\ FRQWULEXWH WR WKH LRQL]DWLRQ
RI FHUHEURVSLQDO IOXLG WKURXJK WKH ROIDFWRU\ EXOE
DQG WKH FULEULIRUP SODWH RI WKH IURQWDO ERQH &KLD
&KLD 
$ VLGH EHQHÀW WR QDVDO EUHDWKLQJ LQYROYHV
WKH UHODWLYHO\ DXWRPDWLF VXSHULRU DQG DQWHULRU
SRVLWLRQLQJ RI WKH WRQJXH ,W KDV EHHQ VXJJHVWHG
WKDW WKLV DVVLVWV WKH IOH[LRQ DQG H[WHQVLRQ RI WKH
VSKHQRLG DQG RFFLSXW DW WKH 6%6 7KLV PD\ RFFXU
E\ZD\RIODWHUDOSUHVVXUHVDWWKHPD[LOODHDIIHFWLQJ
WKHWHPSRUDOV *HOE 
1RUPDO QDVDO EUHDWKLQJ DOVR VWLPXODWHV QLWULF
R[LGH 12  SURGXFWLRQ ZKLFK LV EHOLHYHG WR SOD\
D YLWDO UROH LQ UHJXODWLRQ RI EORRG IORZ WKURXJK
HQGRWKHOLDOUHOD[LQJIDFWRU²(5) SODWHOHWIXQFWLRQ
LPPXQLW\ DQG QHXURWUDQVPLVVLRQ 1LWULF R[LGH
VHHPV WR EH SURGXFHG LQ WKH SDUDQDVDO VLQXVHV
VXJJHVWLQJ WKDW WKH QDWXUDO SURGXFWLRQ RI 12
PD\EHHQKDQFHGE\LPSURYHGIXQFWLRQLQJRIWKH
FUDQLDOVLQXV V\VWHP ,I WKLV K\SRWKHVLV LV FRUUHFW
LW PD\ H[SODLQ ZK\ SDWLHQWV IHHO EHWWHU ZKHQ
WKH PD[LOODH DUH ZLGHQHGGHYHORSHG DQG QDVDO
EUHDWKLQJ EHFRPHV HDVLHU /XQGEHUJ  :HLW]EHUJ
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ILD86JH:HD;9:CI6AG:A6I:99>HIG:HH
6C99>H:6H:
8Vk^iVi^dch/VcjcYZggViZYhdjgXZd[Y^higZhh
8Vk^iVi^dch/VcjcYZggViZYhdjgXZd[Y^higZhh
VcYY^hZVhZ^ci]Z]jbVcWdYn
9ZÅc^i^dchVXXdgY^c\id9dgaVcY¼h^aajhigViZY
bZY^XVaY^Xi^dcVgn')i]ZYc
 &DYLWDWLRQVWKHIRUPDWLRQRIFDULHV
 &DULHVWKHPROHFXODUGHFD\RUGHDWKRIDERQH
LQ ZKLFK LW EHFRPHV VRIWHQHG GLVFRORUHG DQG
SRURXV 7KLV GHFD\ SURGXFHV FKURQLF LQIODP
PDWLRQ DQG IRUPV D FROG DEVFHVV ÀOOHG ZLWK D
FKHHV\ IHWLG SXVOLNH OLTXLG ZKLFK JHQHUDOO\
EXUURZV WKURXJK WKH VRIW SDUWV XQWLO LW RSHQV
\ \
H[WHUQDOO\E\DVLQXVRUÀVWXOD
SDVVDJH
J ,Q HIIHFW WKHVH
 )LVWXOD DQ DEQRUPDO S
GHÀQLWLRQVPHDQWKDWZHKDYHQHFURWLFPDWHULDO
GHÀQLWLRQVPHDQWKDWZHKDYHQHFURWLFPDWHULDO
WKDW LV KLGGHQ DZD\
\ IURP VLJKW
J PDLQO\
\ ZDOOHG
RII EXW HYHQWXDOO\
\ OHDNLQJ
J LWV J
JDQJUHQRXV
J
JDQJUHQRXV
PDWHULDOVLQWRWKHUHVWRIWKHERG\ 1HYLOOHHWDO
1HZPDQ 
&OLQLFDO UHVXOWV KDYH GHPRQVWUDWHG D FRQVLVWHQW
OLQN EHWZHHQ WKH H[LVWHQFH RI FDYLWDWLRQV DQG WKH
SUHVHQFH RI PDQ\ WUHDWPHQWUHVLVWDQW GLVHDVHV
+HU]EHUJ  :H\HU  0DWWLOD  1HZPDQ
1RUG +HLPGDKO  VHH)LJ$ 

9^V\cdh^c\XVk^iVi^dch
7KH SUHVHQFH RI FDYLWDWLRQV PD\ EH OLQNHG WR D
UDQJH RI V\PSWRPV DQG WKH SUHVHQFH RI UHFXUUHQW
DQG XQUHPLWWLQJ KHDOWK SUREOHPV VXJJHVWV WKH
SRVVLELOLW\ RI FDYLWDWLRQV 'HQWDO DVVHVVPHQW
LQFOXGLQJ XVH RI UDGLRJUDSKV HOHFWURGHUPDO
VFUHHQLQJ DSSOLHG NLQHVLRORJ\ &7 DQG PRVW
DFFXUDWHO\ DQG PRVW UHFHQWO\  WKH &DYLWDW XOWUD
VRQRJUDSK WKUHHGLPHQVLRQDO LPDJLQJ GHYLFH FDQ
GLDJQRVHWKHSUHVHQFHRIFDYLWDWLRQV7UHDWPHQWRI
WKHVHFDYLWDWLRQVFDQRIWHQUHVXOWLQWKHDOOHYLDWLRQ
RI VXEVWDQWLDO DQG VHHPLQJO\ XQUHODWHG SDLQ DQG
VXIIHULQJ 6WRFNWRQ 
6\PSWRPV ZKLFK KDYH EHHQ DVVRFLDWHG ZLWK
FDYLWDWLRQV LQFOXGH WKH IROORZLQJ &XWOHU 
)LVFKHU  +XJJLQV  /HY\  6WRFNWRQ
 
 $P\HORWURSKLF
 0LJUDLQH
ODWHUDOVFOHURVLV $/6   0XOWLSOHVFOHURVLV













$QJLQD
$UWKULWLV
$VWKPD
%DFWHULDOHQGRFDUGLWLV
%URQFKLWLV
(F]HPD
(SLOHSV\
*DQJUHQH
*RXW
+HUSHV
,ULWLV













1HSKULWLV
1HXULWLV
3DLQZLWKRU
ZLWKRXWUHIHUUDO
3DURWLGLWLV
3QHXPRQLD
6LQXVLWLV
6RUHWKURDW
7ULJHPLQDOQHXUDOJLD
7RQVLOOLWLV
8OFHU

'LDJQRVLV RI FDYLWDWLRQDO OHVLRQV VKRXOG EH
SHUIRUPHG E\ D TXDOLÀHG GHQWLVWGHQWDO VXUJHRQ
XVLQJPHWKRGVLQFOXGLQJWKHIROORZLQJ
 5DGLRJUDSKV ,Q WKLV PHGLXP D FDYLWDWLRQ LV
YHU\ GLIÀFXOW WR GLVFHUQ 0RVW GHQWLVWV KDYH
EHHQ WUDLQHG WR PLVGLDJQRVH DUHDV ZKLFK ZH
QRZ NQRZ WR EH FDYLWDWLRQV E\ ZD\ RI RWKHU
GLDJQRVWLFPHWKRGV DVQRUPDOERQHIRUPDWLRQ
0DLQO\ WKLV FRQIXVLRQ LV GXH WR WKH IDFW WKDW LQ
PRVWFDVHVZKHUHDFWXDOFDYLWDWLRQVDUHSUHVHQW
WKH FRUWLFDO SODWH KDV QRW EHHQ FRPSURPLVHG
'RFWRUVVHHLQJVXFK;UD\VRQO\¶VHH·WKHKHDOWK\
FRUWLFDO SODWH ZKLFK OHDGV WKHP WR UHSRUW DQ
LQFRPSOHWH RU IDXOW\ DQDO\VLV RI WKH FRQGLWLRQ
8QOHVV WKH SUDFWLWLRQHU LV DGHTXDWHO\ WUDLQHG
LQ WKLV LGHQWLÀFDWLRQ SURFHVV WKH FRUWLFDO SODWH
LV OLNHO\ WR FRQFHDO WKH SUHVHQFH RI WKH YDVW
PDMRULW\ RI FDYLWDWLRQDO OHVLRQV )LJXUH %
VKRZV WKH KLJKOLJKWHG SUHVHQFH RI D FDYLWDWLRQ
WKDW ZDV LGHQWLÀHG XVLQJ D FRPELQDWLRQ RI
;UD\DQG&DYLWDWDQDO\VLV
 (OHFWURGHUPDO VFUHHQLQJ 2ULJLQDOO\ NQRZQ DV
($9 (OHFWUR$FXSXQFWXUH DFFRUGLQJ WR 9ROO 
GHYHORSHG LQ WKH HDUO\ V WKLV WHFKQLTXH
PHDVXUHV HOHFWURPDJQHWLF ÀHOG GLVWXUEDQFHV
LQ WKH ERG\ ,Q WKH KDQGV RI D ZHOOWUDLQHG
WHFKQLFLDQ WKLV W\SH RI VFUHHQLQJ FDQ SURYLGH
VSHFLÀF DQDO\VLV RI WKH ERG\·V KHDOWK $Q
H[SHULHQFHG DQG NQRZOHGJDEOH SUDFWLWLRQHU
FDQ XVH WKLV GHYLFH WR XQFRYHU WKH SRVVLELOLW\
RI FDYLWDWLRQV DQG WKHLU ORFDWLRQ RIWHQ WR WKH
DFFXUDF\RIDTXDGUDQWRUWRRWKVLWH )HW]HU
9ROO 
 $SSOLHGNLQHVLRORJ\7KLVPHWKRGRI¶DVNLQJ·WKH
ERG\WRGLDJQRVHLWVHOIZDVRULJLQDOO\GHYHORSHG
E\*RRGKHDUW :DOWKHU 'HVSLWHDSDXFLW\

IldXVjhZhd[YZciVagZaViZYY^higZhhVcYY^hZVhZ
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;^\jgZ&&#-  I]ZÅghi^bV\Z6\^kZhi]ZVeeZVgVcXZd[V
]ZVai]n_VlXdcY^i^dcVcYM"gVnVcVanh^hdc^ihdlcXdjaY
aZVkZdcZl^i]Vc^cXdcXajh^kZdg^cXdggZXiY^V\cdh^h
7#DcXZY^V\cdhZYVcYhjg\^XVaigZVibZci^hWZ\jc!i]Z
egZhZcXZd[XVk^iVi^dchWZXdbZhdWk^djh#

WKH GLDJQRVLV IRU ERQH WKDW KDV UHGXFHG EORRG
IOXLG IORZ LQ WKH H[DPLQHG DUHD  LQGLFDWHV
WKDW WKHUH LV DQ LVFKHPLF DUHD RI ERQH SUHVHQW
ZKLFK PHDQV WKDW ZKLOH WKH ERQH LV SUREDEO\ VWLOO
WHFKQLFDOO\ ¶OLYLQJ· WKH ODFN RI EORRG IORZ WR WKH
DUHD LV HQGDQJHULQJ LWV KHDOWK DQG YLDELOLW\  DQG
DUHLQGLFDWLYHRIWKHSUHVHQFHRIQHFURWLFPDWHULDO
DQGWKHQHFHVVLW\IRUVXUJLFDOLQWHUYHQWLRQ )LVFKHU
6WRFNWRQ 
:KHQ WKH KHDOWK RI D VHFWLRQ RI ERQH EHJLQV WR
GHJUDGH DQG GHJHQHUDWH UDWLQJ RI ²  WKH ERG\
LGHQWLÀHVDJURZLQJVRXUFHRIWR[LFLW\DQGEHJLQVWR
GHIHQGLWVHOIE\FUHDWLQJDKDUGERQ\OD\HUDURXQG
WKH WR[LF DUHD 7KLV ZDOOLQJ RII RI WKH FDYLWDWLRQ
LV ZKDW PDNHV LW GLIÀFXOW WR LGHQWLI\ FDYLWDWLRQV
WKURXJK;UD\H[DPLQDWLRQ:KLOHWKHWR[LFFDYLW\
LV ZDOOHG RII WKH SDWLHQW FDQ JR IRU H[WHQGHG
SHULRGVRIWLPHZLWKRXWDQ\LQGLFDWLRQWKDWWKHUHLV
SRLVRQRXV JDQJUHQRXV PDWHULDO LQ WKHLU MDZERQH
7KH JURZLQJ FDYLWDWLRQ ZLOO HYHQWXDOO\ EHJLQ
OHDNLQJ QHFURWLF PDWHULDO LQWR WKH UHVW RI WKH ERG\
ZLWK SRWHQWLDOO\ VHULRXV FRQVHTXHQFHV &RKHQ 
%XUQV+HU]EHUJ :H\HU1HYLOOHHWDO
1HZPDQ3ULFH 

9ZkZadebZcid[XVk^iVi^dch

RI UHVHDUFK YDOLGDWLRQ SUDFWLWLRQHUV ZKR DUH
IDPLOLDU ZLWK $. FODLP FOLQLFDO VXFFHVV LQ
LGHQWLI\LQJ WKH HIIHFWV RI FDYLWDWLRQV DQG PD\
XVH WKDW NQRZOHGJH WR PRUH DFFXUDWHO\ DVVHVV
WKHERG\·VUHVSRQVHV *HOEVHH&K 

&DYLWDWLRQVJHQHUDOO\GHYHORSDVDUHVXOWRIWUDXPD
EDFWHULDO LQIHFWLRQ UHGXFHG YDVFXODU DFWLYLW\ RU
WR[LFLW\ 6WRFNWRQ 
&DYLWDWLRQV DUH XVXDOO\ WKH UHVXOW RI RQH RI WKH
IROORZLQJ 6KDQNODQGHWDO6WRFNWRQ 

 &RPSXWHG WRPRJUDSK\ &7  7KLV ;UD\ EDVHG
GLDJQRVWLF WRRO SURYLGHV FRPSXWHUL]HG D[LDO
WRPRJUDSK\ RI WKH VNXOO 7KH KLJKHU UHVROXWLRQ
DQGDELOLW\WRVHHFURVVVHFWLRQVLQVLGHWKHERQH
PDNHLWYHU\SUHFLVHLQLWVGLDJQRVWLFDELOLWLHV

 DQ LQIHFWLRQ WKH ERG\ KDV ZDOOHG RII WR SURWHFW
LWVHOI
 UHGXFHG EORRG IORZ UHVXOWLQJ LQ GHDG RU G\LQJ
ERQH
 SK\VLFDOWUDXPDZKHQWKHMDZLVXQDEOHWRKHDO
LWVHOI

 &DYLWDW XOWUDVRQRJUDSK WKUHHGLPHQVLRQDO
LPDJLQJ GHYLFH 7KLV GHYLFH FDQ SURYLGH DQ
DFFXUDWH WKUHHGLPHQVLRQDO LPDJH UHSUHVHQWLQJ
GHQVLW\ FKDQJHV ZLWKLQ WKH DOYHRODU SURFHVV
MDZERQH  7KHVH GHQVLW\ FKDQJHV KDYH EHHQ
GHWHUPLQHG WR DFFXUDWHO\ UHSUHVHQW WKH KHDOWK
RI WKH ERQH 6WRFNWRQ  :DONHU 
=HLQHV 
&DYLWDWLRQV ZKHQ GLDJQRVHG ZLWK WKH &DYLWDW
PD\ EH JUDGHG RQ D VFDOH RI ² ZLWK D  UDWLQJ
LQGLFDWLQJ QRUPDO KHDOWK\ ERQH $ UDWLQJ RI  LV

9^hZVhZ"gZaViZYgZhjaihd[XVk^iVi^dch^ci]ZWdYn
'RUODQG·V LOOXVWUDWHG PHGLFDO GLFWLRQDU\ WK HGQ 
SURYLGHVDEDVLVIRUDGLVFXVVLRQRIWKHLPSOLFDWLRQ
RIFDYLWDWLRQVLQWKHERG\
 0HWDVWDVLV 7KH WUDQVIHU RI GLVHDVH IURP RQH
RUJDQRUSDUWWRDQRWKHUQRWGLUHFWO\FRQQHFWHG
ZLWK LW ,W PD\ EH GXH HLWKHU WR WKH WUDQVIHU RI
SDWKRJHQLF PLFURRUJDQLVPV RU WR WUDQVIHU RI
FHOOVDVLQPDOLJQDQWWXPRUV

().
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7dm&&#(  IneZhd[igVjbVi]ViXVcaZVYidXVk^iVi^dch
E]nh^XVaigVjbV

7VXiZg^VaigVjbV

Idm^XigVjbV

Iddi]ZmigVXi^dch
GddiXVcVaegdXZYjgZh
9ZciVa^c_ZXi^dch
EZg^dYdciVahjg\Zgn
<g^cY^c\VcYXaZcX]^c\
:aZXig^XVaigVjbV[gdb
  Y^hh^b^aVgbZiVaa^XgZhidgVi^dch
=ZVi[gdb]^\]heZZYYg^aa^c\

6k^iVaYZVYiZZi]
>c[ZXiZYl^hYdbiZZi]
GddiXVcVaWVXiZg^V
6WhXZhhZh
8nhih
>begdeZggZbdkVad[eZg^dYdciVa
  a^\VbZciV[iZgiddi]ZmigVXi^dc
EZg^dYdciVaY^hZVhZ

GddiXVcVaidm^ch
7VXiZg^Vaidm^ch
6cZhi]Zi^XkVhdXdchig^Xidgh
9ZciVabViZg^Vah
8]Zb^XVaidm^ch
6cZhi]Zi^XWn"egdYjXih
Di]Zgidm^ch

 0HWDVWDVHV $ JURZWK RI SDWKRJHQLF PLFUR
RUJDQLVPVRURIDEQRUPDOFHOOVGLVWDQWIURPWKH
VLWHSULPDULO\LQYROYHGE\WKHPRUELGSURFHVV
 0HWDVWDVL]H 7R IRUP QHZ IRFL RI GLVHDVH LQ D
GLVWDQWSDUWE\PHWDVWDVLV
7KH LGHDV EHKLQG IRFDO LQIHFWLRQ KDYH EHHQ ZLWK
PRGHUQ PHGLFLQH VLQFH  ZLWK &DUO :HLJHUW·V
REVHUYDWLRQV RI D ¶GLVVHPLQDWLRQ RI ´WXEHUFXORVLV
SRLVRQµ· )LVFKHU 6LQFHWKHQWKHUHKDYHEHHQ
PDQ\ VWXGLHV DQDO\]LQJ GLVWDQW HIIHFWV RI IRFDO
LQIHFWLRQVDVLWKDVEHHQVKRZQWKDWRUDOSDWKRJHQV
FDQ LQIHFW RWKHU SDUWV RI WKH ERG\ +HU]EHUJ 
:H\HU  -$'$  0DWWLOD  1HYLOOH HW
DO  1HZPDQ  1RUG  +HLPGDKO 
6KDQNODQGHWDO 

IgZVibZcid[XVk^iVi^dch
7UHDWPHQW RI FDYLWDWLRQV FDQ EH DFFRPSOLVKHG E\
VXUJLFDO UHPRYDO RI WKH FDYLWDWLRQ OHVLRQ RU QRQ
VXUJLFDO WKHUDSLHV GHVLJQHG WR KHOS WKH ERG\ KHDO
LWVHOI7KRXJKWKHQRQVXUJLFDODYHQXHVRIWUHDWPHQW
DUHJHQHUDOO\RQO\DSSURSULDWHZKHQWKHOHVLRQKDV
QRW \HW UHDFKHG WKH ¶QHFURWLF· VWDJH DQG LV PRUH
LVFKHPLF LQ QDWXUH WKRVH W\SHV RI WUHDWPHQW FDQ
RIWHQEHLQFRUSRUDWHGZLWKVXUJLFDOLQWHUYHQWLRQWR
LQFUHDVHWKHFKDQFHVRIVXFFHVV
)LJXUH $ JLYHV WKH DSSHDUDQFH RI D KHDOWK\
MDZ FRQGLWLRQ DQG ;UD\ DQDO\VLV RQ LWV RZQ
FRXOG OHDYH RQH ZLWK DQ LQFRQFOXVLYH RU LQFRUUHFW
GLDJQRVLV )LJ% 2QFHGLDJQRVHGDQGVXUJLFDO
WUHDWPHQW LV EHJXQ WKH SUHVHQFH RI FDYLWDWLRQV
EHFRPHVREYLRXV
)LJXUH&VKRZVDÀUVWPRODUH[WUDFWLRQDQG
WKHEHJLQQLQJVRIH[SRVXUHRIDGHHSFDYLWDWLRQDW

WKH SUHYLRXV WKLUG PRODU H[WUDFWLRQ VLWH 2QFH WKH
RUDO VXUJHRQ EHJDQ FOHDQLQJ RXW WKH FDYLWDWLRQ LW
EHFDPH DSSDUHQW KRZ H[WHQVLYH WKH QHFURVLV ZDV
)LJ' 
1RQVXUJLFDO WUHDWPHQW RI OHVV VHULRXV FDYLWD
WLRQDO OHVLRQV LV DQ DUHD ZLWK OHVV GRFXPHQWDWLRQ
OHVVFRQVLVWHQWUHVXOWVDQGPDQ\GLIIHULQJDYHQXHV
RI WUHDWPHQW +RGJVRQ  +DQVHQ  7XQHU 
+RGH 6RPHVXFFHVVKDVEHHQDFKLHYHGZLWK
WUHDWPHQWSURWRFROVWKDWLQYROYHLQIUDUHGSDGVORZ
OHYHO ODVHUV DQG QXWULWLRQDO JXLGHOLQHV LQFOXGLQJ
HQ]\PH WKHUDS\  7KH LQWHUQHW LV D JRRG UHVRXUFH
IRULGHQWLI\LQJDOWHUQDWLYHVLQWKLVDUHD

8gVc^VaZ[[ZXihd[XVk^iVi^dch
,Q WKH DXWKRU·V FOLQLFDO H[SHULHQFH
S
FDYLWDWLRQDO
OHVLRQV FDXVH UHGXFWLRQ LQ WKH DPSOLWXGH
S
RI
FHUHEURVSLQDO
S
IOXLG IOXFWXDWLRQ DQG LQ WKH RYHUDOO
YLWDOLW\
\ RI WKH LQGLYLGXDO (OLPLQDWLRQ RI WKH
FDYLWDWLRQV VKRXOG WKHRUHWLFDOO\
\ KDYH D SRVLWLYH
S
HIIHFW RQ QHXURPXVFXODU EDODQFH DQG RQ WKH
HIIHFWLYHQHVVRIFUDQLDOWKHUDS\

8gVc^Va^bea^XVi^dchd[^cigVdgVabZiVah
(YLGHQFH VXJJHVWV WKDW WKH SUHVHQFH RI PHUFXU\
VLOYHU DPDOJDP  ÀOOLQJV DQG RWKHU PHWDOV LQ WKH
PRXWK LQWHUIHUHV ZLWK WKH SURSHU IXQFWLRQ RI WKH
QHUYRXVV\VWHP &DUSL(3$ $GGLWLRQDO
HOHFWURPDJQHWLF ÀHOGV SURGXFHG E\ WKH SUHVHQFH
RI GLIIHUHQW PHWDOV PD\ OHDG WR LUULWDWLRQ RI WKH
QHUYRXVV\VWHP%RWKWKHVHIDFWRUVDUHUHSRUWHGWR
LQKLELWWKHHIIHFWLYHQHVVRIFUDQLDOWKHUDS\ +XJJLQV
/HY\:DONHU 

>cVeegdeg^ViZdgVahjg\^XVaegdXZYjgZh
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cZXgdh^hlVh9#

HjbbVgn

8a^c^XVaZmVbeaZ

0HUFXU\LVDSRZHUIXOQHXURWR[LQ (3$6LPRQ
:+2 

7KH SDWLHQW IHDWXUHG LQ )LJXUH $ ZDV H[SHUL
HQFLQJVHYHUHPHPRU\ORVV7KHDXWKRU·VHOHFWULFDO
WHVWV VKRZHG YHU\ KLJK UHDGLQJV EHWZHHQ WHHWK
FURZQV ÀOOLQJV DQG URRW DUHDV )LJXUHV % DQG
& YLHZ WKH YDULRXV PHWDOV SUHVHQW ZKLFK ZLWK
WKH VDOLYD DFWLQJ DV DQ HOHFWURO\WH ZHUH FUHDWLQJ
D IORZ RI HOHFWURQV VLPLODU WR D EDWWHU\ %HFNHU
 6HOGHQ  5DXH  6WRUWHEHFNHU  
,PSURYHPHQW RI KHU PQHPRQLF DELOLWLHV IROORZHG
VKRUWO\ DIWHU UHPRYDO RI WKH DPDOJDP ÀOOLQJV DQG
PHWDOOLFFURZQV

 0HUFXU\ YDSRU FRQVWDQWO\ OHDNV IURP DPDOJDP
ÀOOLQJVHYHQDIWHUKDYLQJEHHQLQWKHPRXWKIRU
\HDUV /HLVWHYXR6HOODUV 6HOODUV
=HLQHV 
 5HVHDUFK VKRZV WKDW WKHUH DUH WKUHH GHÀQLWLYH
JHQRPH W\SHV ZKLFK GHWHUPLQH KRZ WKH ERG\
ZLOO KDQGOH WKH DVVLPLODWLRQ RI PHUFXU\ 7KLV
PD\H[SODLQZK\VRPHSHRSOHUHDFWVWURQJO\WR
VPDOO DPRXQWV RI PHUFXU\ &XWOHU  =LII 
=LII 
 7ZRRUPRUHGLVVLPLODUPHWDOVLQFRQWDFWFDXVH
D FXUUHQW IRU H[DPSOH LQ WKH PRXWK RI WKH
SDWLHQWIHDWXUHGLQ)LJXUH$²&
 ,QWKHPRXWKUHVWRUDWLRQVRIGLIIHULQJPHWDOV RU
HYHQ VLOYHU DPDOJDP ÀOOLQJV GRQH DW GLIIHUHQW
WLPHV  VXFK DV QRQSUHFLRXV PHWDO FURZQV
JROG VWDLQOHVV VWHHO HWF FRPELQHG ZLWK VDOLYD
DQ HOHFWURO\WH  FUHDWHV HOHFWULFDO FXUUHQWV WKDW
DUH IDU JUHDWHU WKDQ WKRVH LQYROYHG LQ QRUPDO
QHXURORJLFDO DFWLYLW\ &XWOHU  6WRUWHEHFNHU
9LP\:DONHU=LII =LII 
7KHVHFXUUHQWVFDQQHJDWLYHO\DIIHFWQHXURORJLFDO
IXQFWLRQ 0DULQR  5D\  1HXWUD 
7KRPDVHWDO 

>C6EEGDEG>6I:DG6AHJG<>86AEGD8:9JG:H
$OWHUDWLRQ RI WKH MDZ IRUP VWUXFWXUH DQG SRVLWLRQ
ZLWKRXW SURSHU FRQVLGHUDWLRQ JLYHQ WR WKH FUDQLDO
PHFKDQLVPFDQFDXVHKDUPIXOORQJWHUPHIIHFWV

7^Xjhe^YZmigVXi^dc
,W LV QRW XQFRPPRQ IRU D GHQWLVW RU RUWKRGRQWLVW
WR GLDJQRVH D SDWLHQW DV KDYLQJ D WRRWKMDZ
GLVFUHSDQF\ JHQHUDOO\ PHDQLQJ WKDW WKH MDZ LV
QRW VXIÀFLHQWO\ ODUJH WR DFFRPPRGDWH WKH WHHWK
WKDW DUH SUHVHQW RU HUXSWLQJ  6LPRQ   6RPH

(*&

(*'
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;^\jgZ&&#.  6·8EVi^Zcil]dZmeZg^ZcXZYhZkZgZbZbdgn
adhh#I]ZVji]dg¼hZaZXig^XVaiZhihh]dlZYkZgn]^\]gZVY^c\h
WZilZZciZZi]!Xgdlch!Åaa^c\hVcYgddiVgZVh#;^\jgZh&&#.7
VcY&&#.8h]dli]ZkVg^djhbZiVahegZhZcil]^X]!l^i]
i]ZhVa^kVVXi^c\VhVcZaZXigdaniZ!lZgZXgZVi^c\V[adld[
ZaZXigdchh^b^aVgidVWViiZgn#

RUWKRGRQWLF SKLORVRSKLHV EHOLHYH WKDW MDZV VWRS
JURZLQJ DW D FHUWDLQ DJH XVXDOO\ ² \HDUV ROG
DQGDIWHUWKDWDJHWKHRQO\ZD\WRPDNHURRPIRU
WKH WHHWK DQG WR ¶VWUDLJKWHQ· WKHP LV WR UHPRYH
RWKHUWHHWK 0DKRQH\HWDO0HZ=HLQHV
 ,QVXFKFDVHVUHIHUUDOPD\EHPDGHWRDQRUDO
VXUJHRQIRUELFXVSLGWHHWKWREHUHPRYHG
6XFKUHPRYDOOHDGVWRHOLPLQDWLRQRIWKHQRUPDO
IRUFHV RQ WKH MDZ WR FRQWLQXH LWV QDWXUDO JURZWK
(QORZ   7KLV SURFHVV RIWHQ OHDGV WR WKH
FUHDWLRQRIPRUHVSDFHWKDQLVDFWXDOO\QHFHVVDU\WR
¶VWUDLJKWHQ· WKH SDWLHQW·V WHHWK 7LJKW PXVFOHV DQG
IDVFLDZKRVHIRUFHVPD\RULJLQDOO\KDYHFRQWULEXWHG
WR WKH XQGHUGHYHORSPHQW RI WKH MDZ FRQWLQXH WR
H[HUWWKHLUIRUFH (QORZ 
:LWK QR RSSRVLWLRQ WKHVH IRUFHV PD\ WKURXJK
WKHLUFRQVWDQWFRQVWULFWLYHDFWLRQIRUFHWKHDUFKWR
VKULQNWRDVL]HPRUHDSSURSULDWHIRUWKHUHPDLQLQJ
WHHWK VHH )LJ $  *HOE  0DKRQH\ HW DO
0HZ 
7KLV SUHVVXUH LV FRPPRQO\ LQFUHDVHG ZLWK
WKH RUWKRGRQWLF SUDFWLWLRQHU·V XVH RI EUDFHV DQG
KHDGJHDUUHVXOWLQJLQDSRVWHULRUPRYHPHQWRIWKH
ORZHUKDOIRIWKHIDFH VHH)LJ%  0HZ
3DJH6SDKO :LW]LJ 
7KLV SRVWHULRU PRYHPHQW RU ¶GLVWLOL]DWLRQ· RI
WKHPD[LOOD DQGDVDUHVXOWWKHPDQGLEOHDVZHOO 
FUHDWHV FRPSUHVVLRQ RI YDULRXV VWUXFWXUHV QHUYHV
YHVVHOV GXUD PXVFOHV ERQHV DQG IDVFLD  EHWZHHQ
WKHXSSHUIURQWWHHWKDQGWKHRFFLSXW %DNHU
-HFPHQ ,WKDVEHHQVXJJHVWHGWKDWWKHHIIHFWV
RIWKLVSURFHGXUHFDQOHDGWR














GHSUHVVLRQ +RFNHO
VQRULQJ .DWVHY
VOHHSDSQHD )U\PDQQ.DWVHY
YLVLRQSUREOHPV 3DJH
KHDULQJGLIÀFXOWLHV *HOE
YRFDOFRUGQRGXOHV 6ROEHUJ &ODUN
VZDOORZLQJSUREOHPV -HFPHQ
70-G\VIXQFWLRQ -HFPHQ
PLGDQGORZEDFNSDLQ 3DJH
KHDGDFKHV 6ROEHUJ &ODUN
UHGXFHGVHOIHVWHHP )U\PDQQ
ELUWKFRQFHSWLRQGLIÀFXOWLHV =LII =LII
HQGRFULQHJURZWKGLVWXUEDQFHV

7KH SDWLHQW LQ )LJXUH  LV D JRRG H[DPSOH
RIWKHFRQGLWLRQVGHVFULEHGLQWKLVVHFWLRQ0DQ\RI
WKHV\PSWRPVOLVWHGKHUHDUHLVVXHVVKHKDVIDFHG

(*(

>cVeegdeg^ViZdgVahjg\^XVaegdXZYjgZh

)LJXUH$VKRZVWKHUHWDUGHGJURZWKRIWKH
XSSHU DQG ORZHU MDZV ZKLFK KDV EDVLFDOO\ PDGH
WKH ORZHU KDOI WR RQHWKLUG RI WKH IDFH VHW EDFN
² PP)XQFWLRQDOO\WKLVKDVDOVRUHVXOWHGLQDQ
DLUZD\ SUREOHP HVWKHWLFDOO\ WKH SDWLHQW DSSHDUV
YHU\QHDUO\FKLQOHVV
)LJXUH % VKRZV D SLFWXUH RI WZR XSSHU
$/) DSSOLDQFHV 7KH VPDOO RQH LV WKDW RI WKH
SDWLHQW LQ )LJXUH $ WKH ODUJH RQH EHORQJV WR
KHU \HDUROG VRQ ,Q ERWK DSSOLDQFHV WKH ¶FULEV·
FLUFOHVRIPHWDOWKDWÀWRYHUWKHVDPHWHHWK²ÀUVW
SHUPDQHQWPRODUVLQERWKPRWKHUDQGVRQ VKRZDQ
DVWRQLVKLQJVL]HGLIIHUHQFH&RQVLGHUWKHSUHVVXUHV
WKDW KDYLQJ WKH PD[LOOD DQG PDQGLEOH SODFHG LQ
VXFKDSRVWHULRUSRVLWLRQPXVWEULQJWREHDURQWKH
UHVWRIWKHFUDQLDOPHFKDQLVP -HFPHQ ,WDOVR
IROORZV WKDW WKH PRUH WHHWK WKDW DUH UHPRYHG WKH
OHVV VXSSRUW WKH 70- UHFHLYHV DV YHUWLFDO VXSSRUW
LVUHGXFHG

$

BjhXjaVg^bWVaVcXZ
/RVV RI WRRWK PDVV SURGXFHV QHXURPXVFXODU
LPEDODQFH 3DJH6PLWK 1RUPDOPXVFOH
OHQJWKZLOOQRZEHLQDSSURSULDWHVLQFHWKHYHUWLFDO
GLVWDQFH IURP WKH XSSHU VNXOO DQG MDZ MRLQW 
WR WKH ORZHU MDZ ZLOO KDYH EHHQ UHGXFHG E\ WKH
ORVV RI WHHWK 7KH PXVFOHV DQG IDVFLD DQWHULRU
WR WKH XSSHU FHUYLFDO VSLQH ZRXOG EH DOWHUHG
ZLWK SRWHQWLDO FKDQJHV LQ WKH QHFN FXUYDWXUH DQG
RFFLSLWDO SRVLWLRQ 9DJDO QHUYH FRPSUHVVLRQ DQG
GLVWUHVVWRWKHDUHDVLQQHUYDWHGE\WKHYDJXVQHUYH
FDQUHVXOW *HOE 

8dbegZhh^kZZ[[ZXih
6RPH RUDO VXUJLFDO SURFHGXUHV VXFK DV PD[LOODU\
UHVHFWLRQ DQG ELFXVSLG H[WUDFWLRQ FDQ KDYH
FRPSUHVVLYH HIIHFWV RQ WKH PD[LOODU\ VLQXVHV DV
ZHOO $V PHQWLRQHG SUHYLRXVO\ WRRWK H[WUDFWLRQ
RIWHQ KDV WKH QHJDWLYH HIIHFW RI UHGXFLQJ MDZ
JURZWK 7KH UHVXOWDQW VPDOOHU VNXOO VL]H PDQLIHVWV
LQFRPSUHVVHGYHUWLFDOIDFHKHLJKW )U\PDQQ
0DKRQH\ HW DO  0HZ  8SOHGJHU  
ZKLFKZKHQFRPELQHGZLWKVFDUWLVVXHIRUPDWLRQ
FUHDWHVFRPSURPLVHGVLQXVVL]HDQGIXQFWLRQ %XUU
6D[WRQ9ROO 
7KRXJK WKHUH LV QR UHVHDUFK WKDW WKH DXWKRU LV
DZDUH RI VXEVWDQWLDWLQJ UHGXFHG QDVDO IXQFWLRQ
DV D GLUHFW UHVXOW RI ELFXVSLG H[WUDFWLRQ LW KDV

%

;^\jgZ&&#&%  6I]^hh]dlhi]ZgZiVgYZYjeeZgVcYadlZg
_Vlh!l]^X]]VkZ^cZ[[ZXibVYZi]ZadlZg]Va[iddcZ"i]^gY
d[i]Z[VXZhZiWVX`-·&%bb#;jcXi^dcVaani]^h]VhVahd
gZhjaiZY^cVcV^glVnegdWaZbVcYZhi]Zi^XVaani]ZeVi^Zci
VeeZVghkZgncZVganX]^caZhh#7IldjeeZg6A;Veea^VcXZh#
I]ZhbVaadcZ^hi]Vid[i]ZeVi^Zci^c;^\jgZ&&#&%6!i]Z
aVg\ZdcZWZadc\hid]Zg-"nZVg"daYhdc#>cWdi]Veea^VcXZh
i]Z»Xg^Wh¼X^gXaZhd[bZiVai]ViÅidkZgi]ZiZZi]·adlZg
eVgid[i]ZVeea^VcXZÅidcidi]ZÅghibdaVgh#I]Zh^oZ
Y^[[ZgZcXZ^hVhidc^h]^c\#8dch^YZgi]ZegZhhjgZhi]Vi]Vk^c\
i]ZbVm^aaVVcYbVcY^WaZeaVXZY^chjX]VedhiZg^dgedh^i^dc
bjhiWg^c\idWZVgdci]ZgZhid[i]ZXgVc^VabZX]Vc^hb
?ZXbZc&..-#>iVahd[daadlhi]Vii]ZbdgZiZZi]i]Vi
VgZgZbdkZY!i]ZaZhhhjeedgii]ZIB?gZXZ^kZh!VhkZgi^XVa
hjeedgi^hgZYjXZY#

EHHQQRWHGLQFOLQLFDOSUDFWLFHWKDWRQHIUHTXHQWO\
DFFRPSDQLHVWKHRWKHU3RVVLEO\WKHUHGXFHGQDVDO
FDSDFLW\ SUHFHGHV WKH ELFXVSLG H[WUDFWLRQ DQG
FRQWULEXWHV WR WKH FRQGLWLRQ WKDW HYHQWXDOO\ LV
GLDJQRVHG DV UHTXLULQJ H[WUDFWLRQV 2Q WKH RWKHU
KDQGLWFRXOGEHWKHH[WUDFWLRQVWKDWUHVXOWLQRU
FRQWULEXWHWRWKHUHGXFHGQDVDOIXQFWLRQ +RFNHO
3DJH 

(*)
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7KHUH DUH VRPH LQVWDQFHV ZKHUH UHPRYDO RI
WHHWK LV LQGLFDWHG KRZHYHU DSSURSULDWH )-2
DQG FUDQLDO WUHDWPHQW FDQ UHGXFH VXEVHTXHQW
G\VIXQFWLRQWRDPLQLPXP

9ZciVaHjg\Zgn
7KHUH DUH D YDULHW\ RI VLWXDWLRQV LQ ZKLFK VXUJHU\
PD\EHDSSURSULDWHO\RULQDSSURSULDWHO\VXJJHVWHG
)RUH[DPSOHZKHUHWKHUHLVXSSHUWRORZHUMDZVL]H
GLVFUHSDQF\ LQFRUUHFW SRVLWLRQLQJ RI MDZ RU MDZV
LPSURSHU IDFH IRUP FOLFNLQJ RI WKH 70- DFXWH
WUDXPDVHYHUHMRLQWGHJHQHUDWLRQFKURQLFLQIHFWLRQ
RU UHFRQVWUXFWLRQ IROORZLQJ FDQFHU RU UHSDLU RI
FRQJHQLWDODQRPDOLHV 0RUJDQHWDO1HYLOOHHW
DO6ROEHUJ &ODUN 
6RPH RI WKHVH FRQGLWLRQV PD\ EH EHWWHU VHUYHG
E\ D PRUH FRQVHUYDWLYH QRQVXUJLFDO WHFKQLTXH
(DFKFDVHVKRXOGEHHYDOXDWHGLQGLYLGXDOO\
7KH VSHFLÀF VXUJLFDO SURFHGXUH SURSRVHG E\
WKH RUDO VXUJHRQ GHSHQGV RQ WKH GLDJQRVLV DQG
SKLORVRSK\ RI WKH VXUJHRQ :KHQ FUDQLDOMDZ
VXUJHU\WDNHVSODFHWKHQHZPXVFOHRULHQWDWLRQLV
UHVLVWHG E\ WKRVH PXVFOHV ZKLFK VHHN WR UHWXUQ WR
WKHLUSUHYLRXVVWDWH7KLVUHRULHQWDWLRQSODFHVVWUHVV
RQ WKH QHXURPXVFXODU V\VWHP DQG RQ WKH FUDQLDO
PHFKDQLVP $ UHODSVH UDWH RI ² KDV EHHQ
UHSRUWHGLQWKHOLWHUDWXUH 0RUJDQHWDO 

2UDOVXUJHU\LVVHOGRPDFFRPSDQLHGE\IROORZ
XSWUHDWPHQWWRKHOSDGMXVWWKHFUDQLDOPHFKDQLVP
6PLWK  $SSURSULDWH RU LQDSSURSULDWH DV WKH
VXUJHU\PD\EHWRQRWUHOLHYHWKHVWUHVVHVFUHDWHG
E\VXFKVXUJHU\RQWKHQHXURPXVFXODUV\VWHPPD\
FDXVH XQGLDJQRVHG HIIHFWV WR WKH VWUXFWXUH DQG
IXQFWLRQRIWKHFUDQLXPDQGLWVVXWXUHV
-DZ VXUJHU\ WKRXJK VRPHWLPHV LQGLFDWHG
FDQ DOVR DIIHFW WKH VRPDWRJQDWKLF V\VWHP E\
FUHDWLQJ QHXURPXVFXODU GLVWXUEDQFHV RIWHQ
ZLWKRXW LPSURYLQJ WKH XQGHUO\LQJ FDXVH RI WKH
G\VIXQFWLRQZKLFKPD\YHU\ZHOOKDYHEHHQQHXUR
PXVFXODURUFUDQLRVDFUDOLQRULJLQ$QH[DPSOHRI
WKLVVLWXDWLRQFDQEHVHHQLQ)LJXUH +XJJLQV
/HY\ ,WLVLPSHUDWLYHWKDWFUDQLDODQGRWKHU
QHXURPXVFXODU WKHUDS\ DFFRPSDQLHV VXUJHU\ RI
WKHMDZ )U\PDQQ 
)LJXUH  VKRZV D SDQRJUDSKLF ;UD\ RI D
VXUJLFDO SURFHGXUH WR FORVH DQ DQWHULRU RSHQ ELWH
VHFRQGDU\WR70-WUHDWPHQW1RWHWKHPHWDOOLFSDUWV
UHODWLYHWRVXUJLFDOUHDOLJQPHQW7KHSDWLHQWLQWKLV
FDVH H[SHULHQFHG QR UHOLHI IURP 70- V\PSWRPV
DIWHU WKH VXUJLFDO SURFHGXUH ,Q IDFW KHU RYHUDOO
OHYHO RI KHDOWK GHFOLQHG FRQVLGHUDEO\ IROORZLQJ
WKH SURFHGXUH +HU V\PSWRPV LQFOXGHG VHYHUH
O\PSKDWLFFRQJHVWLRQVXLFLGDOWKRXJKWVZLWKQHHG
IRU SV\FKLDWULF FDUH DQG DQWLGHSUHVVDQWV UHGXFHG
FRJQLWLYH DQG VSHHFK DELOLWLHV SDUWLDO ORVV RI

;^\jgZ&&#&&  ?Vlhjg\ZgnXVcVahdV[[ZXii]ZhdbVid\cVi]^XhnhiZbWnXgZVi^c\cZjgdbjhXjaVgY^hijgWVcXZh!
d[iZcl^i]dji^begdk^c\i]ZjcYZgan^c\XVjhZd[i]ZYnh[jcXi^dc!l]^X]bVnlZaa]VkZWZZccZjgdbjhXjaVgdg
XgVc^dhVXgVa^cdg^\^c#

>cVeegdeg^ViZdgVahjg\^XVaegdXZYjgZh

PHPRU\DQGLQDELOLW\WRVPLOH$OOV\PSWRPVDQG
JHQHUDOFRQGLWLRQLPSURYHGIROORZLQJDSSURSULDWH
GHQWDO UHKDELOLWDWLRQ :LWKLQ  ZHHNV WKLV SDWLHQW
ZDV RII DOO DQWLGHSUHVVDQW PHGLFDWLRQ ZLWK WKH
DSSURYDODQGUHFRPPHQGDWLRQRIKHUSV\FKLDWULVW

7gVXZh!Wg^Y\Zh!YZcijgZhVcYdi]ZgYZciVa
i]ZgVe^Zh
7KHVHFDQDOOKDYHQHJDWLYHVLGHHIIHFWVRQFUDQLDO
IXQFWLRQ ZKHQ FRQVWULFWLYH WUHDWPHQW PRGDOLWLHV
FURVV À[  VXWXUHV LQ WKH PD[LOODH RU PDQGLEOH
7KRXJKWKHQXPEHURIIXQFWLRQDOVXWXUHVLQWKHMDZ
ERQHVLVGHEDWHGWKHH[LVWHQFHRIIRXULVJHQHUDOO\
DFNQRZOHGJHG
7KH WKUHH VXWXUHV IRXQG LQ WKH PD[LOOD DUH
WKH PD[LOODU\PLGVDJLWWDO VXWXUH WKH PLGOLQH
VXWXUHIRXQGEHWZHHQWKHWZRIURQWWHHWK DQGWZR
SUHPD[LOODU\ VXWXUHV MXVW PHGLDO WR WKH FXVSLGV
²H\HWHHWK 
,Q WKH PDQGLEXODU DUHD WKH PRVW ZLGHO\
UHFRJQL]HG VXWXUH LV WKH V\PSK\VLV PHQWL DOVR
ORFDWHGEHWZHHQWKHWZRIURQWWHHWKDWWKHPLGOLQH 
*HKLQ0DJRXQ6LPRQ 
7KRXJK À[DWLRQ HOLPLQDWLQJ WKH IUHHGRP RI
PRYHPHQWDWDQ\RIWKHVHVLWHVFDQKDYHQHJDWLYH
HIIHFWV LW LV PRVW YLWDO WKDW WKH PD[LOODU\
PLGVDJLWWDO VXWXUH UHWDLQV IUHHGRP RI PRWLRQ
)L[DWLRQRIWKLVVXWXUHFDQORFNWKHIURQWRIWKHKHDG
DQGUHGXFHRYHUDOOFUDQLDOPRWLRQ,QVRPHSDWLHQWV
WKLVPD\QRWQRWLFHDEO\LPSDFWRQWKHLQGLYLGXDO·V
GDLO\ OLIH EXW LQ RWKHUV WKH HIIHFWV FDQ EH VHULRXV
6PLWKD/DXJKOLQDE 
,IFUDQLDOPRWLRQLVUHGXFHGE\PHFKDQLFDOPHDQV
WKHFUDQLDOWKHUDSLVWPD\EHXQDEOHWRLQIOXHQFHWKH
UHVXOWLQJ V\PSWRPV 5HOHDVH RI WKH À[DWLRQ ZLOO
LQ QHDUO\ HYHU\ FDVH LQVWDQWO\ LPSURYH FUDQLDO
IXQFWLRQDQGSURYLGHWKHSDWLHQWZLWKLQVWDQWUHOLHI
RIVHHPLQJO\XQUHODWHGV\PSWRPV /DXJKOLQD
E
%ULGJHVEUDFHVGHQWXUHVVRPHDSSOLDQFHV HJ
UDSLG SDODWDO H[SDQGHU  DQG RWKHU WKHUDSLHV HJ
KHDGJHDU FDQDOOKDYHWKLV¶À[DWLQJ·HIIHFWWRVRPH
H[WHQW:KLOHDOORIWKHVHWKHUDSLHVDUHHVWKHWLFDOO\
DQGIXQFWLRQDOO\LPSRUWDQWWKHLUXVHLQVRPHFDVHV
FDQ EH KDUPIXO )U\PDQQ  +XJJLQV  /HY\
 
,Q WKH DXWKRU·V FOLQLFDO H[SHULHQFH WKH PRVW
GLVWXUELQJRIDOOWKHVHWKHUDSLHVLVWKHSODFHPHQWRI

DEULGJHWKDWFURVVHVWKHPLGOLQHPD[LOODU\VXWXUH
6RPH RI WKH V\PSWRPV WKDW WKLV FDQ FRQWULEXWH WR
DUH








GHSUHVVLRQ VRPHWLPHVFOLQLFDOO\
KHDGDFKHV
IHHOLQJVRIFODXVWURSKRELD
LUULWDELOLW\
LPSDLUHGUHDFWLRQWLPH
VWHUQRFOHLGRPDVWRLGG\VIXQFWLRQ
VLQXVLWLV

>cVeegdeg^ViZhjijgZXdchig^Xi^dcXVjhZYWn
ÅmZYWg^Y\Zh
)L[HG EULGJHV DUH SURVWKHWLF GHYLFHV ZKLFK DUH
ERQGHG RQWR WZR WHHWK LQ RUGHU WR UHSODFH RQH
RU PRUH WHHWK LQ EHWZHHQ 7HHWK DUH QRUPDOO\
LQGHSHQGHQW XQLWV QRW ERQGHG RU IXVHG WRJHWKHU
VHH )LJ $%  :KHQ D EULGJH LV FRQVWUXFWHG
DQGFHPHQWHGLQSODFHLWHVVHQWLDOO\IXVHVRUORFNVD
VSDQRIWHHWKWRJHWKHU7KLVLVHVSHFLDOO\UHVWULFWLYH
ZKHQGRQHLQWKHIURQWSDUWRIWKHPRXWK FURVVLQJ
WKHPLGOLQH DQGLQKLELWLQJWKHDFWLRQEHWZHHQWKH
ULJKWDQGOHIWPD[LOODH
,Q FDVHV ZKHUH WKH EULGJH KDV DOUHDG\ EHHQ
FHPHQWHG DQG LV IRXQG WR EH UHVWULFWLYH WKH
DXWKRU·VFOLQLFDOH[SHULHQFHKDVVKRZQWKDWFXWWLQJ
WKH EULGJH EHWZHHQ WKH WZR IURQW WHHWK SURYLGHV
LPPHGLDWH UHOLHI WR WKH SDWLHQW LQ WKH PDMRULW\ RI
FDVHV
,Q )LJXUHV $ DQG % ZH VHH WKH FURZQV DOO
VSOLQWHG VROLGO\ WRJHWKHU LQ RQH XQLW LQ ERWK WKH
PD[LOODU\ DQWHULRU DQG WKH PDQGLEXODU DQWHULRU
VLPLODUWRZKDWZRXOGEHVHHQLQDEULGJH
)LJXUH % DOVR VKRZV ZKHUH WKH FXWV LQ WKH
VSOLQWHGFURZQVZHUHSODQQHG7KHVHSODQQHGFXWV
FRUUHVSRQG WR WKH PD[LOODU\PLGVDJLWWDO VXWXUH
DQG WZR SUHPD[LOODU\ VXWXUHV LW GRHV QRW VKRZ
ZKHUH WKH FXW ZDV PDGH IRU WKH PDQGLEXODU
V\PSK\VLVPHQWL 
)LJXUH & VKRZV DQ H[WHULRU YLHZ RI WKH
VSOLQWHGFURZQVDIWHUWKHWKUHHFXWVZHUHPDGHDW
WKH ORFDWLRQV RI WKH VXWXUHV$ WKLQ GLDPRQG GLVN
ZDV XWLOL]HG WR VHYHU WKHVH VHFWLRQV 7KH SDWLHQW
QRWLFHG LPPHGLDWH UHOLHI RI FUDQLDO WHQVLRQ DQG
VPLOHG PRUH HDVLO\ 6KH DOVR VRRQ H[SHULHQFHG D
² UHGXFWLRQ LQ WKH VZHOOLQJ RI KHU KDQGV
DQG IHHW 6KH ZDV UHIHUUHG EHFDXVH VKH KDG EHHQ
RQ PHGLFDO OHDYH IURP KHU IRUNOLIW MRE GXH WR DQ

(**

(*+

8G6C>6AI=:G6EN6C99:CI>HIGN

$

&

%

;^\jgZ&&#&'  6!7I]ZXgdlchVgZVaahea^ciZYhda^Yanid\Zi]Zg
^cdcZjc^i^cWdi]i]ZbVm^aaVgnVciZg^dgVcYi]ZbVcY^WjaVg
VciZg^dg!h^b^aVgidl]VildjaYWZhZZc^cVWg^Y\Z#;^\jgZ&&#&'7
Vahdh]dlhl]ZgZi]ZXjih^ci]Zhea^ciZYXgdlchlZgZeaVccZY0
i]ZhZeaVccZYXjihXdggZhedcYidi]ZbVm^aaVgn$b^YhV\^iiVa
hjijgZVcYildegZbVm^aaVgnhjijgZh^iYdZhcdih]dll]ZgZi]Z
XjilVhbVYZ[dgi]ZbVcY^WjaVg$hnbe]nh^hbZci^#8:miZg^dg
k^Zld[i]Zhea^ciZYXgdlchV[iZgi]Zi]gZZXjihlZgZbVYZVi
i]ZadXVi^dchd[i]ZhjijgZh#6i]^cY^VbdcYY^h`lVhji^a^oZY
idhZkZgi]ZhZhZXi^dch#I]ZeVi^Zcicdi^XZY^bbZY^ViZgZa^Z[d[
XgVc^VaiZch^dcVcYhb^aZYbdgZZVh^an#H]ZVahdhddcZmeZg^ZcXZY
V*%·,%gZYjXi^dc^ci]ZhlZaa^c\d[]Zg]VcYhVcY[ZZi#

LQDELOLW\ WR FORVH KHU KDQGV GXH WR WKH H[WUHPH
VZHOOLQJ
,W LV LPSRUWDQW WR QRWH WKDW FXWWLQJ WKH EULGJH
LQWKHPRXWKLVOLNHVHYHULQJDEULGJHWKDWFURVVHV
D ULYHU :KHQ FXW WKH VWUXFWXUDO LQWHJULW\ RI WKDW
EULGJH LV FRPSURPLVHG %HFDXVH RI WKH SUREDEOH
EHQHÀWVWRWKHKHDOWKRIFRPSURPLVHGSDWLHQWVWKH
DXWKRU LQ KLV FOLQLFDO H[SHULHQFH ZLOO SURYLGH DQ
RSWLRQWKDWWKHEULGJHEHFXWHYHQWKRXJKLWFRXOG
FRPSURPLVHWKHVWDELOLW\RIWKHSURVWKHVLV
)XWXUH RSWLRQV IRU WKH SDWLHQW LQFOXGH WKH
IROORZLQJ
 5HSODFHWKHPLVVLQJWRRWKZLWKDUHPRYDEOHQRQ
PHWDOOLFSDUWLDO
 /HDYHWKH¶FXW·EULGJHLQSODFH UHFHPHQWLQJLILW
GLVORGJHV 
 ,QVHUW D QHZ LGHDOO\ QRQPHWDOOLF  EULGJH ZLWK
D ¶VWUHVV EUHDN· WKDW DOORZV VXWXUDO PRYHPHQW
$ VSHFLDO DWWDFKPHQW FDOOHG D &0$  KDV EHHQ
GHYHORSHGWKDWFDQEHLQFRUSRUDWHGE\WKHGHQWDO
ODE LQWR WKH À[HG EULGJH FRQVWUXFWLRQ DOORZLQJ

WKH VDJLWWDO VXWXUH RI WKH PD[LOOD WR UHWDLQ LWV
IUHHGRP RI PRWLRQ 6PLWK  D  7KLV LV
RQH DOWHUQDWLYH WKDW PD\ VROYH WKH SUREOHP RI
FUDQLDOUHVWULFWLRQIRUWKHSDWLHQW

HjijgVagZhig^Xi^dcXVjhZYWnÅmZYdgi]dci^X
WgVXZh
)L[HG RUWKRGRQWLF EUDFHV FDQ DOVR UHVWULFW FULWLFDO
VXWXUDO PRWLRQ E\ HVVHQWLDOO\ FUHDWLQJ D FRPSOHWH
À[DWLRQRIDOOXSSHUDQGRUORZHUWHHWK )U\PDQQ
0DJRXQ6272 ,QVRPHSDWLHQWV
WKLVZLOOQRWLPSDFWWKHLUGDLO\OLYHVEXWLQRWKHUV
WKH HIIHFWV FDQ EH GHELOLWDWLQJ <RXQJ DGXOWV ZKR
DUH IDFHG ZLWK WKLV SUREOHP ZLOO FRPPRQO\ KDYH
WURXEOHSXWWLQJZRUGVWRWKHLUGLIÀFXOWLHV)RUWKLV
UHDVRQLWLVLPSRUWDQWWRHYDOXDWHWKHRYHUDOOZHOO
EHLQJ RI WKH SDWLHQW ZKHQ XVH RI WKLV WKHUDS\ LV
LQFRUSRUDWHGLQWRDWUHDWPHQWSODQ
7KH JUHDWHU WKH DUFKZLUH WKLFNQHVV XVHG IRU
EUDFHVWKHJUHDWHUWKHUHVWULFWLRQRIPRWLRQ%HFDXVH
EUDFHV DUH VRPHWLPHV QHFHVVDU\ LI WKH SDWLHQW LV

AViZgVaVcYbZY^VaeiZgn\d^YgZaZVhZ

H[SHULHQFLQJ GLIÀFXOW\ ZLWK WKHLU XVH RQH RSWLRQ
ZRXOG EH WR DVN WKH RUWKRGRQWLVW WR FRQVLGHU WKH
FUDQLDOVXWXUHVLQKLVKHUWUHDWPHQWDQGWRSRVVLEO\
UHGXFHWKHSHULRGRIWLPHEUDFHVDUHXVHG%HFDXVH
RI GLIIHUHQFHV LQ WUDLQLQJ DQG SKLORVRSK\ PDQ\
RUWKRGRQWLF SUDFWLWLRQHUV PD\ EH XQFRQYLQFHG
UHJDUGLQJ WKLV FRQFHUQ 8VLQJ WKH $/) DSSOLDQFH
EHIRUH DQG GXULQJ XVH RI EUDFHV FDQ DOVR KHOS WR
UHGXFHWKHWLPHEUDFHVDUHQHFHVVDU\DQGUHGXFHWKH
FUDQLDOUHVWULFWLRQV
5HVWULFWHGPRWLRQRIWKHPD[LOODWHPSRUDOVDQG
VSKHQRLGFDQDOVRRFFXUZLWKRYHUO\WLJKWSDUWLDOV
RUGHQWXUHV 8SOHGJHU 6SOLQWWKHUDS\XVLQJD
ULJLGXSSHUDSSOLDQFH HJUDSLGSDODWDOH[SDQGHU 
FDQKDYHVLPLODUQHJDWLYHHIIHFWVGXHWRLWVUHVWULFWLYH
QDWXUH,QFDVHVZKHUHWKHVHWKHUDSLHVFRXOGEHWKH
FDXVH RI KHDOWKFRPSURPLVLQJ V\PSWRPV LW LV
VXJJHVWHG WKDW WKH RIIHQGLQJ SURVWKHWLF GHYLFHV
EH UHSODFHG ZLWK RQHV PRUH FRQGXFLYH WR VXWXUDO
PRYHPHQW

I=:EDI:CI>6A7:C:;>8>6A>C;AJ:C8:HD;
8G6C>6AI=:G6EN
7KHLQIRUPDWLRQFRQWDLQHGLQWKLVVHFWLRQLVEDVHGRQ
\HDUVRIFOLQLFDOSUDFWLFHLQWKHÀHOGRIZKROHSHUVRQ
GHQWLVWU\ 7KH DXWKRU DQG KLV SHHUV LQ WKH ÀHOGV
RI IXQFWLRQDO RUWKRSHGLFVRUWKRGRQWLFV ELRORJLFDO
GHQWLVWU\DQGKROLVWLFGHQWLVWU\KDYHVKDUHGFOLQLFDO
H[SHULHQFH ZLWK RQH DQRWKHU DQG FRPH WR WKH
FRQFOXVLRQV UHSUHVHQWHG LQ WKLV FKDSWHU 'LVWLQFW
DGYDQWDJHV FDQ EH JDLQHG ZKHQ LQFRUSRUDWLQJ
FUDQLDOWHFKQLTXHVVXFKDVWKHRFFLSLWDOSWHU\JRLG
DQG6%6UHOHDVHLQWRWKHUDSHXWLFGHQWDOSURJUDPV
3UDFWLFDOO\VSHDNLQJWKHDXWKRUKDVDFFRPSOLVKHG
RUWKRGRQWLFWHFKQLTXHVZLWKDQGZLWKRXWWKHEHQHÀW
RIFUDQLDOWKHUDS\
7KHDGYDQWDJHVRIXVLQJ RUUHIHUULQJ IRUFUDQLDO
WKHUDS\PD\LQFOXGHLPSURYHG
 SDLQUHGXFWLRQIROORZLQJDSSOLDQFHDGMXVWPHQWV
 DPSOLWXGHDQGV\PPHWU\RIFUDQLDOPRWLRQ
 RYHUDOO DWWLWXGH RI WKH SDWLHQW DQG LPSURYHG
FRRSHUDWLRQZLWKWKHWUHDWPHQW
$GXOW SDWLHQWV IROORZLQJ DQ RUWKRGRQWLF 70- RU
JHQHUDO GHQWDO DSSRLQWPHQW FRPPRQO\ H[SUHVV
JUDWLWXGHDIWHUUHFHLSWRIELODWHUDOPHGLDOSWHU\JRLG

6%6 DQG VXERFFLSLWDO UHOHDVH VHH EHORZ  ZKLFK
WKH DXWKRU SHUIRUPV DQG EHOLHYHV WR DVVLVW LQ
UHEDODQFLQJ FKURQLF 70-FUDQLDO LVVXHV DQG VRPH
DFXWH LDWURJHQLF  GHQWDO WUDXPD IROORZLQJ WKHLU
DSSRLQWPHQW

D88>E>I6AG:A:6H:
)UHHGRP RI PRWLRQ DQG UHOD[DWLRQ RI WKH VXE
RFFLSLWDO WULDQJOH DSSHDUV WR KDYH EURDGUDQJLQJ
HIIHFWV 7KURXJKRXW WKH DXWKRU·V \HDU FDUHHU
LQ ZKROHSHUVRQ GHQWLVWU\ LW KDV EHHQ IUHTXHQWO\
GHPRQVWUDWHGWKDWUHOD[DWLRQLQWKLVUHJLRQJUHDWO\
HQKDQFHVWKHSRVLWLYHFUDQLDOFKDQJHVZKLFKRFFXU
GXULQJ WKH XVH RI GHQWDO FUDQLDO RUWKRSHGLFV70-
WKHUDS\ )U\PDQQ6272 
&OLQLFDO H[SHULHQFH VKRZV WKDW WKH FUDQLDO
UHOHDVHZKLFKRFFXUVZLWKWUHDWPHQWRIWKHRFFLSXW
& & UHJLRQ IDFLOLWDWHV WKH SDWLHQW·V UHFRYHU\
IROORZLQJ GHQWDO DSSRLQWPHQWV 9HQRXV GUDLQDJH
LV SRVLWLYHO\ DIIHFWHG E\ WKLV UHOHDVH )U\PDQQ
  7KH DXWKRU KDV KDG VXEMHFWLYH UHVSRQVHV
IURPKLVSDWLHQWVUHSRUWLQJFOHDUDQFHRIQDVDODQG
PD[LOODU\ VLQXVHV HDVH RI EUHDWKLQJ DQG GUDLQDJH
LQWR WKH WKURDW ZLWK WKHVH SURFHGXUHV +DPPHU
 ,WLVWKHRUL]HGWKDWDOOVLQXVHVDUHSRVLWLYHO\
DIIHFWHGLQFOXGLQJWKHVXSHULRUVDJLWWDODQGVWUDLJKW
VLQXVHV,QWKHDXWKRU·VFOLQLFDOSUDFWLFHWKHSHUVRQ
ZKR H[SHULHQFHV WKH VWUHVV RI FKURQLF 70-70'
ORQJ GHQWDO DSSRLQWPHQWV RU GHQWDO RUWKRSHGLF
WUHDWPHQWFDQEHQHÀWJUHDWO\IURPWKHVHWKHUDSLHV
VHH([HUFLVHVDQG&K 

A6I:G6A6C9B:9>6AEI:GN<D>9G:A:6H:
7KH DXWKRU QRW RQO\ XVHV WKH LQWHUQDO SWHU\JRLG
UHOHDVH IROORZLQJ DOPRVW  RI DOO GHQWDO
SURFHGXUHV EXW ZLOO RIWHQ SHUIRUP LW EHIRUH
SURFHGXUHV DUH EHJXQ 7KH HIIHFWV DUH PDUNHG ,Q
WKLV FOLQLFDO VHWWLQJ WZR PHDVXUHPHQW FULWHULD DUH
XVHGWRGHWHUPLQHWKHHIIHFWLYHQHVVRIWKHWKHUDS\
7KH ÀUVW LV WKH PD[LPXP GLVWDQFH WKH PRXWK FDQ
RSHQ 8VLQJ WKLV FULWHULRQ WKH UHOHDVH URXWLQHO\
GHPRQVWUDWHV DQ DYHUDJH LQFUHDVH LQ MDZ RSHQLQJ
RI ² PP 7KH VHFRQG FULWHULRQ XVHG WR PHDVXUH
HIIHFWLYHQHVV LV UHVSRQVLYHQHVV WR FRPPDQGV
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:KLOHLQWKHGHQWDOFKDLULWLVFRPPRQWRVHHGHOD\V
LQ WKH SDWLHQW·V DELOLW\ WR SURFHVV LQIRUPDWLRQ LQ
WKH IRUP RI FRPPDQGV DQG WKHLU UHVSRQVH WR WKH
FRPPDQG 5HVSRQVHV DIWHU WKH LQWHUQDO SWHU\JRLG
UHOHDVHDUHIDVWHUDQGPRUHDFFXUDWH
7KH ODWHUDO DQG PHGLDO SWHU\JRLG PXVFOHV
DUH H[WUHPHO\ LPSRUWDQW LQ 70- DQG FUDQLDO G\V
IXQFWLRQ7KHODWHUDOSWHU\JRLGPXVFOHLVLPSRUWDQW
LQLWVUHODWLRQVKLSWRWKHPDQGLEXODUSRVLWLRQLQJDV
ZHOODVWKHWHPSRUDOPDQGLEXODUGLVNRUPHQLVFXV
SRVLWLRQLQJ &KDLWRZ  &KDLWRZ  'H/DQ\
0F&DWW\ 
7KH PHGLDO RU LQWHUQDO SWHU\JRLG KDV LWV RULJLQ
DW WKH SWHU\JRLG SURFHVV RI WKH VSKHQRLG ERQH
DQG FDQ GLUHFWO\ DIIHFW QRW RQO\ WKH VSKHQRLG EXW
DOVR WKH WHPSRUDO WKH RFFLSXW DQG WKH PD[LOODH
0DJRXQ 7KHZLGHUDQJHRILQIOXHQFHVWKLV
PXVFOHKDVRQWKHSDWLHQW·VKHDOWKDQGZHOOEHLQJ
UHTXLUHVLWWREHLQDUHOD[HGVWDWHZKHQLWLVQRWLQ
XVH,QFOLQLFDOSUDFWLFHWKHDXWKRUKDVQHYHUIRXQG
D SDWLHQW ZLWK 70- G\VIXQFWLRQ WKDW GLG QRW KDYH
SUREOHPVZLWKQHXURPXVFXODULPEDODQFHRIHLWKHU
RU ERWK WKH SWHU\JRLG PXVFOHV ,Q WKH DXWKRU·V
RSLQLRQLWLVHVVHQWLDOWKDWQRUPDOWRQHLVUHVWRUHGWR
WKHVHPXVFOHVEHIRUHDQ\SURJUHVVFDQEHPDGHLQ
WUHDWLQJWKHRUWKRSHGLFRUWKRGRQWLFRU70-QHHGV
RISDWLHQWV /DXJKOLQDE  6HHSS²IRU
WUHDWPHQWPHWKRGVIRUWKHSWHU\JRLGV
,QWKHDXWKRU·VRSLQLRQFUDQLDOWKHUDSLVWVFRXOG
EHQHÀW DOO GHQWDO SDWLHQWV LI WKH\ ZHUH VHHQ VRRQ
DIWHU GHQWDO WUHDWPHQW 7KLV LV HVSHFLDOO\ WUXH
IROORZLQJ D ORQJ RSHUDWLYH GHQWDO UHVWRUDWLYH 
RU VXUJLFDO SURFHGXUH V  ZKHQ WKH SDWLHQW·V
PXVFXODWXUH KDV EHHQ VXEMHFWHG WR VWUDLQ +RPH
WKHUDS\WRUHOHDVHLQWHUQDOSWHU\JRLGWHQVLRQSULRU
WRGHQWDODSSRLQWPHQWVLVDOVRSRVVLEOH

HE=:CD76H>A6GHNC8=DC9GDH>HH7H
7KHDXWKRU·VFOLQLFDOH[SHULHQFHVWURQJO\VXSSRUWV
WKHLPSRUWDQFHRI¶EDODQFHGPHPEUDQRXVWHQVLRQ·
WKURXJKRXW WKH FUDQLDO VWUXFWXUH 0DUNHG FOLQLFDO
FKDQJHV KDYH EHHQ QRWHG IROORZLQJ WHFKQLTXHV
ZKLFKDUHGLUHFWHGWRZDUGPHPEUDQRXVHQHUJHWLF
RVVHRXV PRELOLW\ RI WKH 6%6 (QKDQFHG UHVSRQVHV
WR GHQWDO WKHUDS\ DQG IXQFWLRQDO MDZ RUWKRSHGLFV
KDYH IUHTXHQWO\ EHHQ REVHUYHG IROORZLQJ DSSUR
SULDWH 6%6 WUHDWPHQW )U\PDQQ  *HOE 

6272 7KHDXWKRUEHOLHYHVWKDWFRPSUHVVLRQ
RIWKLVUHJLRQRIWKHFUDQLXPPD\UHODWH WRGHQWDO
À[DWLRQEHWZHHQWKHULJKWDQGOHIWPD[LOODH FDXVHG
E\ EULGJHV EUDFHV HWF  ,W LV K\SRWKHVL]HG WKDW
UHOHDVLQJ WKRVH À[DWLRQV FKDQJHV WKH PRELOL]DWLRQ
DWWKH6%6 -HFPHQ 

699G:HH>C<8G6C>6ADGI=DE:9>8H:6GAN
>CA>;:
(DUO\DWWHQWLRQEURXJKWWRG\VIXQFWLRQDOWHQGHQFLHV
FDQ HOLPLQDWH WKHLU GHYHORSPHQW ODWHU VHH
)LJ  =HLQHV 

EG:K:CI6I>K:IG:6IB:CIH6K:HE6I>:CIH
E6>C6C9HJ;;:G>C<
$YDULHW\RIV\PSWRPVDQGSUREOHPVFDQEHDYRLGHG
ODWHU LQ OLIH ZLWK HDUO\ WUHDWPHQW FRQVLGHUDWLRQ
LQFOXGLQJWKHIROORZLQJ

IB?Ynh[jcXi^dc/l]Vi^i^hVcY]dl^ibVnWZ
Vkd^YZY
6RPH RI WKH V\PSWRPV DVVRFLDWHG ZLWK 70-
SUREOHPV LQ DGXOW OLIH LH ODWH DGROHVFHQW DQG
WKURXJK DGXOWKRRG  LQFOXGH HDUDFKH FOLFNLQJ
SDLQRIWKHMDZKHDGDFKHVXQEDODQFHGIDFHIRUP
WRQVLOOLWLV SDLQ ZKLOH FKHZLQJ VLQXVLWLV WLQQLWLV
FURRNHG WHHWK DQG VZDOORZLQJ GLIÀFXOW\ UHVXOWLQJ
LQ IDFH QHFN DQGRU OLS FRQWRUWLRQV GXULQJ
VZDOORZLQJ *HOE   ,W LV VXJJHVWHG WKDW KDG
WKH SDWLHQW VKRZQ LQ )LJXUH  FRQWLQXHG WR
GHYHORS XQFRUUHFWHG VKH ZRXOG SUREDEO\ KDYH
H[KLELWHGPDQ\RIWKHVHVLJQVDQGV\PSWRPV 3DJH
6LPRQ 
7KH GHYHORSPHQW RI VXFK V\PSWRPV LQ DGXOW
ODWHDGROHVFHQWOLIHFDQEHDYRLGHGLIWKHWHQGHQF\
LV GLDJQRVHG DQG WUHDWHG HDUO\ (DUO\ WUHDWPHQW
RI VXFK WHQGHQFLHV VXFK DV DUFK ZLGHQLQJ MDZ
UHSRVLWLRQLQJ WKURXJK RUWKRSHGLF RUWKRGRQWLF
DSSOLDQFHV  DQGRU FUDQLDO WKHUDS\ FDQ SURYLGH
SRVLWLYHUHVXOWV7KHPRVWEHQHÀFLDOWUHDWPHQWPD\
XVHIXOO\ LQYROYH D FRPELQDWLRQ RI QHXURPXVFXODU
FUDQLDODQGGHQWDORUWKRSHGLFWKHUDSLHV,QQRUPDO
FOLQLFDOSUDFWLFHGHQWDORUWKRSHGLFVZLOOQRWXVXDOO\
EH LQLWLDWHG SULRU WR WKH DJH RI ² WKRXJK ZKHQ

EgZkZciVi^kZigZVibZcihVkZheVi^ZciheV^cVcYhj[[Zg^c\

IXWXUH WHQGHQFLHV WRZDUG PDOIRUPDWLRQ DUH VHHQ
²LVDQLGHDODJHWREHJLQWUHDWPHQW 3DJH 

>begdeZg\gdli]l]^X]XVcaZVYid
Xdch^YZgVWaZY^[ÅXjai^ZhVhVcVYjai^h
d[iZcgZhedch^kZiddgi]deZY^Xdgi]dYdci^X
iZX]c^fjZh!ZheZX^Vaan^[VYYgZhhZYZVgan^ca^[Z
EV\Z&.).#
$OWKRXJK VXUJHU\ PD\ EH XQDYRLGDEOH LQ WKH
DXWKRU·V RSLQLRQ LW VKRXOG QRW EH WKH ÀUVW RSWLRQ
FRQVLGHUHG DV LW PD\ FDXVH SHUPDQHQFH RI WKH
VNXOOFUDQLRFHUYLFDOPDOUHODWLRQVKLSZLWKWKHUHVW
RI WKH ERG\ 6FDU WLVVXH LV D VHFRQGDU\ DGYHUVH
HIIHFW RI VXUJHU\ WKDW PD\ FDXVH GLVUXSWLRQ RI WKH
IXQFWLRQLQJ RI WKH QHXURPXVFXODU V\VWHP %HFNHU
6HOGHQ 
(DUO\ WUHDWPHQW ZLWK IXQFWLRQDO MDZ RUWKR
SHGLFV DV ZHOO DV LGHQWLI\LQJ DQG HOLPLQDWLQJ WKH
FDXVHV RI WKH DEQRUPDO JURZWK LV SDUDPRXQW WR
WKH SUHYHQWLRQ RI WKH PDOIRUPDWLRQ )LJ  
,W LV VLJQLÀFDQWO\ PRUH DGYLVDEOH WR GHYHORS WKH
MDZ VL]H DW  \HDUV RI DJH UDWKHU WKDQ KDYH EDE\
WHHWK H[WUDFWHG 7KHUH DUH VRPH LQVWDQFHV ZKHQ
VXUJHU\ LV QRW RQO\ LPSRUWDQW EXW QHFHVVDU\ EXW
LWVKRXOGEHWKHODVWQRWWKHÀUVWRSWLRQH[SORUHG
6HHNLQJ WKH DOWHUQDWLYH EHFRPHV DQ XSKLOO EDWWOH
ZKHUH LQVXUDQFH UHLPEXUVHPHQW LV FRQFHUQHG
&DUWHU   7KLV PD\ EH DQRWKHU UHDVRQ ZK\
GHQWDO SUDFWLWLRQHUV DUH VORZ WR PDNH WKH VKLIW
WR LQFRUSRUDWLQJ DOWHUQDWLYH WKHUDSLHV LQWR WKHLU
SUDFWLFHV
7KH ÀYH LPDJHV LQ )LJXUH  WHOO D FRPSOHWH
VWRU\RIG\VIXQFWLRQVFRUUHFWHGE\)-21REUDFHV
À[HGRUWKRGRQWLFV ZHUHXVHGLQWKLVFDVH
*URZWK GLVWXUEDQFHV KDG EHHQ GHYHORSLQJ
VLQFH ELUWK LQ WKLV FDVH 7KH DXWKRU EHJDQ
WUHDWPHQW YHU\ VRRQ DIWHU WKH SDWLHQW·V ÀUVW
YLVLW DW WKH DJH RI  $ FRPELQDWLRQ RI GLUHFW ELWH
EXLOGXSV XVLQJ FRPSRVLWH UHVLQ QRQPHWDOOLF
ÀOOLQJ PDWHULDO WR EXLOG XS WKH YHUWLFDO RI KHU
WHHWK  DQG$/) DSSOLDQFHV ZLWK HODVWLFV ZDV XVHG
WR SURGXFH WKHVH UHVXOWV E\ WKH WLPH VKH ZDV
\HDUVROG
&UDQLDO WKHUDS\ ZDV XVHG WR JUHDW EHQHÀW DQG
LQ WKH DXWKRU·V RSLQLRQ HQDEOHG WKH UHVXOWV WR EH
REWDLQHGLQDVKRUWHUSHULRGRIWLPH7KLVSDWLHQWLVD
SULPHH[DPSOHRIDFKLOGZKRVHVLWXDWLRQVSHDNLQJ

IURPFOLQLFDOH[SHULHQFHZRXOGKDYHSUREDEO\OHG
WR70-SUREOHPVDVZHOODVPDQ\RWKHUV\PSWRPV
ZLWKRXWWKHWUHDWPHQWDVGHVFULEHG

EdhijgZVcYV^glVndWhigjXi^dc
:KDW IROORZV LV D VFHQDULR WKDW KDV EHHQ VHHQ
UHJXODUO\LQWKHDXWKRU·VFOLQLFDOH[SHULHQFH
 3RRU SRVWXUH FRQWULEXWHV WR IRUZDUG KHDG
SRVLWLRQLQJ GXULQJ HDWLQJ VLWWLQJ VWXG\LQJ
ZRUNLQJRUVOHHSLQJ
 7KLV LQ WXUQ OHDGV WR DLUZD\ REVWUXFWLRQ ZKLFK
FDXVHV PRXWK EUHDWKLQJ DQG UHVXOWDQW ORZ
WRQJXHSRVWXUH
 ,I WKH WRQJXH LV LQ D ¶ORZ SRVWXUH· SRVLWLRQ LW
LV QRW SURSHUO\ SRVLWLRQHG XS DJDLQVW WKH URRI
RI WKH PRXWK XQDEOH WR VWLPXODWH IRUZDUG DQG
ODWHUDOJURZWKRIWKHPD[LOODH
 7KLV ODFN RI VWLPXODWLRQ LQHYLWDEO\ OHDGV WR
LQVXIÀFLHQWJURZWKDQGGHYHORSPHQW
 7KHUHVXOWDQWSRRUJURZWKDQGGHYHORSPHQWRI
WKHMDZVZLOOUHVXOWLQFURZGLQJRIWKHWHHWK
 $W WKLV SRLQW YHU\ RIWHQ WKH SDUHQWV ZLOO EH
DGYLVHG WR UHPHG\ WKH VLWXDWLRQ ZLWK IRXU
ELFXVSLGH[WUDFWLRQVDQGÀ[HGRUWKRGRQWLFV
 7KLV RQO\ H[DFHUEDWHV WKH XQGHUO\LQJ SUREOHPV
DQGLQWKHHQGFDQOHDGWRERG\ZLGHKRUPRQDO
FKDQJHV DQG QHXURPXVFXORVNHOHWDO SUREOHPV
-HFPHQ 
7UHDWPHQW IURP D GHQWDO RUWKRSHGLF YLHZSRLQW
LQYROYHVSURSHUPD[LOODU\QDVDOVLQXVDQGDLUZD\
GHYHORSPHQW 6XFK FUDQLDO GHYHORSPHQW DVVLVWV
SURSHU WRQJXH DQG KHDG SRVLWLRQ ZKLFK WKHQ
WUDQVODWHV LQWR FRUUHFW KHDG QHFN MDZ DQG WKRUD[
UHODWLRQVKLS *HOE   :KHQ WKHVH UHJLRQV DUH
LQ EDODQFH DQG QDVDO EUHDWKLQJ LV KDELWXDO WKHQ
WKHWRQJXHLVLQFRUUHFWORFDWLRQLQWKHPRXWK XS
ZLWK WKH WLS EHKLQG WKH IURQW WHHWK  WR SURYLGH
SRVLWLYH HQFRXUDJHPHQW WRZDUG VWLPXODWLRQ DQG
WKHQ VWDELOL]DWLRQ RI WKH DUFK IRUP *HOE  
7KLV EURDG PD[LOODU\ IRUP WKHQ SURYLGHV D VRXQG
EDVHIRUWKHORZHUMDZWRIXQFWLRQZLWKLQDKHDOWK\
GRZQZDUG DQG IRUZDUG GLUHFWLRQ 0HZ  
7KH 70- FRPSOH[ DSSUHFLDWHV WKLV SRVWXUH DQG
PDQGLEXODUSRVLWLRQ²OHVVFRPSUHVVLRQLPSURYHG
FLUFXODWLRQDQGOHVVFURZGLQJRIWKHFUDQLDOV\VWHP
*HOE 
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WZ\VcigZVibZcikZgnhddcV[iZgi]ZeVi^Zci¼hÅghik^h^iVii]ZV\Zd[,#6XdbW^cVi^dcd[Y^gZXiW^iZWj^aY"jehjh^c\
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:VgandWhZgkVi^dcVcYXgdhh"gZ[ZggVa

8DGG:8I>C<8G6C>6A9NH;JC8I>DC
9:CI6AAN
7KHUHDUHQXPHURXVFODVVLÀFDWLRQVRIFUDQLDOOHVLRQV
ZKLFKUHODWHWRWKHUHFLSURFDOWHQVLRQPHPEUDQHV
PRWLRQ RI WKH FUDQLDO ERQHV IORZ RI WKH &6) DQG
O\PSK DV ZHOO DV HQHUJHWLF EORFNDJHV )U\PDQQ
*HOE-HFPHQ 
6\PSWRPV ZKLFK DUH FDXVHG E\ FUDQLDO OHVLRQV
PD\ LQFOXGH KHDGDFKHV HDU SUREOHPV YHUWLJR
WLQQLWLV RWLWLV PHGLD  QDVDO FRQJHVWLRQ VLQXVLWLV
PD[LOODU\ DQG PDQGLEXODU JURZWK GLVWXUEDQFH
HQGRFULQH GLVWXUEDQFH H\H SUREOHPV VZDOORZLQJ
SUREOHPVDQGQHFNSUREOHPV )HHOH\)U\PDQQ
3KLOOLSV6WRFNWRQ 
0HWKRGVRILQWHUYHQWLRQXVLQJGHQWDORUWKRSHGLF
WHFKQLTXHV LQFOXGH LPSURYHG XSSHU DQG ORZHU
MDZ GHYHORSPHQW SURSHU SRVLWLRQLQJ RI WKH
PD[LOODH DQG PDQGLEOH UHODWLYH WR WKH VSKHQRLG
RFFLSLWDO DQG RWKHU FUDQLDO ERQHV DV ZHOO DV WR
HDFKRWKHU -HFPHQ HVWDEOLVKPHQWRISURSHU
UHFLSURFDO PHPEUDQH WHQVLRQ ZLWKLQ WKH 70-
FUDQLDO FRPSOH[ -HFPHQ   ,Q WKH DXWKRU·V
RSLQLRQ WKHVH REMHFWLYHV DUH EHVW DFFRPSOLVKHG
WKURXJK WKH FRPELQHG WKHUDS\ RI IXQFWLRQDO MDZ
RUWKRSHGLFVDQGFUDQLDOWKHUDS\

:mVbeaZ/ZVgegdWaZbh
&RUUHFW 70- VXSSRUW DQG FRUUHFW OHQJWK RI WKH
ODWHUDOSWHU\JRLGDQGWHPSRUDOPXVFOHVDUHFULWLFDO
WR IUHH IXQFWLRQLQJ DQG QRUPDO GUDLQDJH RI WKH
(XVWDFKLDQ WXEH *HOE  0RUJDQ HW DO 
6LPRQ 
&KLOGUHQ PD\ SUHVHQW ZLWK D YDULHW\ RI VLJQV
DQGV\PSWRPVZKLFKDOHUWWRSRWHQWLDOHDUUHODWHG
SUREOHPV 7KHVH LQFOXGH UXQQ\ QRVH IUHTXHQW
FROGV KHDG FRQJHVWLRQ LQGLFDWLYH RI WKLFNHQHG
IOXLGV DQG SUREDEO\ DOOHUJLHV  PRXWK EUHDWKLQJ
GU\ OLSV PDQGLEOH VKLIWLQJ WR RQH VLGH WRR
IDU IRUZDUG RU WRR IDU EDFNZDUG RU D VWURQJ
KDELW RI WKXPE ÀQJHU RU SDFLÀHU VXFNLQJ 2QFH
WKHVHLVVXHVKDYHEHHQLGHQWLÀHGDPXOWLGLVFLSOLQDU\
DQDO\VLV FDQ GHWHUPLQH WKH SRVVLEOH FRQVHTXHQFHV
DQGDQLGHDOWUHDWPHQWSODQ 0RUJDQHWDO 
)RQGHU    DFFRPSOLVKHG VRPH RI WKH
UHVHDUFK LQ WKH V DQG V UHJDUGLQJ HDU
SUREOHPV DQG YHUWLFDO VXSSRUW +H ZRXOG EXLOG

XS WKH EDFN WHHWK ZLWK ÀOOLQJ PDWHULDO WR UHOLHYH
RWLWLV PHGLD DQG KHDULQJ ORVV 7KH DXWKRU KDV
IRXQG WKDW UHOHDVLQJ WKH LQWHUQDO SWHU\JRLG DQG
LPSURYLQJ YHUWLFDO VXSSRUW DUH WZR RI WKH PRVW
LPSRUWDQW WHFKQLTXHV WR HPSOR\ )LJXUHV $
DQG % GLVSOD\ D PRXWKEUHDWKLQJ SDWLHQW ZLWK
D GHYHORSLQJ FUDQLDO FHUYLFDO VFROLRVLV :KHQ
WUHDWPHQW EHJDQ VKH SUHVHQWHG ZLWK H[WUHPHO\
XQGHUGHYHORSHGPD[LOODU\DQGPDQGLEXODUDUFKHV
7KH UHVXOWDQW WUHDWPHQW EURXJKW DERXW PDUNHG
FKDQJHVLQSRVWXUHMDZIRUPDQGMDZSRVLWLRQ )LJV
&'  1RWH WKH SURÀOH FKDQJH DQG WKH HDVH
ZLWKZKLFKWKHOLSVDUHDEOHWRFORVH IDFLOLWDWLRQRI
QDVDOEUHDWKLQJ :KHUHDVEHIRUHWKHSDWLHQWRIWHQ
H[SHULHQFHGHDUDFKHVDQGRWKHUHDUSUREOHPVDIWHU
WKH FRPSOHWLRQ RI WUHDWPHQW WKHVH SUREOHPV ZHUH
JUHDWO\GLPLQLVKHGRUHOLPLQDWHG

:6GAND7H:GK6I>DC6C9
8GDHH"G:;:GG6A
(DUO\FKLOGKRRGREVHUYDWLRQDQGWUHDWPHQWZKHQ
DSSURSULDWH FDQ HOLPLQDWH RU DOOHYLDWH ORQJWHUP
V\PSWRPV DQG SUREOHPV 3DJH   3DUHQWDO
DQG SURIHVVLRQDO DWWHQWLRQ WR WKH FULWHULD RXWOLQHG
EHORZ LV FULWLFDO WR D WLPHO\ LGHQWLÀFDWLRQ DQG
SURSHU WUHDWPHQW LQ RUGHU WR DYRLG WKH SRVVLEOH
GHYHORSPHQWRIPDOIRUPDWLRQVDQGWKHLUDVVRFLDWHG
G\VIXQFWLRQV *HOE0DKRQH\HWDO0HZ
 
$OLVWRIZKDWLVUHTXLUHGIURPDFUDQLDOWKHUDSLVW
LQ WHUPV RI REVHUYDWLRQ LV SURYLGHG EHORZ ZLWK
WKHVXJJHVWLRQWKDWZKHQSUREOHPVDUHLGHQWLÀHGLW
PD\EHWLPHWRFRQVXOWDFUDQLDOO\HGXFDWHGGHQWLVW
IRUIXUWKHUGLDJQRVLV

EgZcViVa]^hidgn
 (YDOXDWHWKHQXWULWLRQDQGKHDOWKRIWKHSDUHQWV
$ KHDOWK\ VSHUP DQG HJJ DUH WKH ÀUVW VWHSV
WRZDUGDKHDOWK\IHWXV 3ULFH 
 1HXURPXVFXODUEDODQFHIRUWKHPRWKHUZLOOKHOS
WR OHDG WR D QRUPDOO\ IXQFWLRQLQJ SHOYLV DQG
ELUWKFDQDO 3KLOOLSV 
 0DJQHVLXPFRQVXPSWLRQVKRXOGLGHDOO\LQFUHDVH
IRU SUHJQDQW DQG QXUVLQJ PRWKHUV +XJJLQV
3LHUFH 
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;^\jgZ&&#&)  6!76bdji]"WgZVi]^c\eVi^Zci
l^i]VYZkZade^c\XgVc^Va!XZgk^XVahXda^dh^h#L]Zc
igZVibZciWZ\Vch]ZegZhZciZYl^i]ZmigZbZan
jcYZgYZkZadeZYbVm^aaVgnVcYbVcY^WjaVgVgX]Zh#
I]ZgZhjaiVciigZVibZciWgdj\]iVWdjibVg`ZY
X]Vc\Zh^cedhijgZ!_Vl[dgbVcY_Vledh^i^dc
8!9#CdiZi]ZegdÅaZX]Vc\ZVcYi]ZZVhZl^i]
l]^X]i]Za^ehVgZVWaZidXadhZ[VX^a^iVi^dcd[
cVhVaWgZVi]^c\#L]ZgZVhWZ[dgZ!i]ZeVi^Zcid[iZc
ZmeZg^ZcXZYZVgVX]ZhVcYdi]ZgZVgegdWaZbh!V[iZg
i]ZXdbeaZi^dcd[igZVibZcii]ZhZegdWaZbhlZgZ
\gZVianY^b^c^h]ZYdgZa^b^cViZY#
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7^gi]
 %LUWKLQJSRVWXUH(QFRXUDJHLGHDOELUWKSRVWXUH
IRU WKH PRWKHU DYRLGLQJ EHLQJ VXSLQH ZLWK
VWLUUXSV XQOHVV VXUJHU\ LV QHFHVVDU\ 1RUWKUXS
3KLOOLSV 

 1RWHVSHFLÀFVRIELUWKHDVHWUDXPD PHFKDQLFDO
DVVLVWV VXFK DV VXFWLRQ RU IRUFHSV  OHQJWK RI
ODERU IRUFH RI GHOLYHU\ VXUJHU\ $SJDU VFRUH
UHIOHFWLRQRIWUDXPD  $UEXFNOH)U\PDQQ
 

:VgandWhZgkVi^dcVcYXgdhh"gZ[ZggVa

 6NXOO VKDSH DQG IRUP DW ELUWK RIWHQ UHIOHFWLYH
RI WUDXPD  LI XQGLDJQRVHG XQQRWLFHG DQG
XQWUHDWHGFDQKDYHGHYHORSPHQWDOUHSHUFXVVLRQV
LQ WKH IXWXUH 7KHVH UHSHUFXVVLRQV FDQ DIIHFW
WKH HVWKHWLF DQG IXQFWLRQDO SUHVHQWDWLRQ RI WKH
PRXWK $UEXFNOH)U\PDQQ 
 )RU H[DPSOH FRQVLGHU D IRUFHSV H[WUDFWLRQ
GHOLYHU\ RI WKH QHZERUQ 7KH WHPSRUDO ERQHV
DV ZHOO DV WKH PD[LOODH FDQ EH GULYHQ LQWR DQ
LQWHUQDO URWDWLRQ /HIW XQWUHDWHG WKLV ZRXOG
SUREDEO\ OHDG WR PRXWK EUHDWKLQJ D KLJK
SDODWH DQG D UHFHVVLYH PDQGLEOH (DUO\ FUDQLDO
WUHDWPHQW FDQ UHGXFH RU HOLPLQDWH WKH IXWXUH
PDQLIHVWDWLRQ RI WKHVH FRQGLWLRQV $UEXFNOH
)U\PDQQ3KLOOLSV 

6\Z%·)
2EVHUYH 3DJH 








PRXWKYHUVXVQDVDOEUHDWKLQJ
LQDELOLW\WRODWFKRQQXUVHHDVLO\
LUULWDELOLW\DQGSDLQIURPJDV FROLF
LQDELOLW\RUXQHDV\\DZQLQJ
HDUDFKHV
VZDOORZLQJGLIÀFXOW\
FKHZLQJSUREOHPV

Idc\jZ [gZZYdb  7KHUH PD\ EH D QHHG IRU D
IUHQHFWRP\ IRU D QHZERUQ RU DV VRRQ DV WKH
UHVWULFWHG WRQJXH PRYHPHQW LV GLDJQRVHG 7KH
¶WRQJXH WLHG· FRQGLWLRQ LV EHVW DGGUHVVHG VRRQ
DIWHU ELUWK EXW LQ DQ\ FDVH WKH VRRQHU WKH EHWWHU
,I WKH WRQJXH LV ¶WLHG· RU ¶WHWKHUHG· WRR WLJKWO\ WR
WKH IORRU RI WKH PRXWK ORZ WRQJXH SRVWXUH ZLOO
HQVXH *HOE   /RZ WRQJXH SRVWXUH LQKLELWV
PD[LOODU\ JURZWK ERWK ODWHUDOO\ DQG DQWHULRUO\
ZKLFK UHGXFHV PD[LOODU\ DQG FUDQLDO VLQXV VL]H
7KLVFDQDOVROLPLWGHYHORSPHQWRIWKHQDVDODLUZD\
DQG SKDU\QJHDO DLUZD\ ZKLFK FDQ VHTXHQWLDOO\
OHDGWRPRXWKEUHDWKLQJPRUHORZWRQJXHSRVWXUH
H[FHVVLYH ORZHU MDZ JURZWK 70- FRPSUHVVLRQ
DQG 70- G\VIXQFWLRQ +RFNHO   7KH XVH RI
WKHWRQJXHWKHQJRHVEHWZHHQWKHEDFNWHHWKWRDFW
DV D FXVKLRQ VSOLQW  WR KHOS WDNH SUHVVXUH RII WKH
70-DQGDVVLVWQHXURPXVFXODUEDODQFHWRWKHMDZV
DVZHOODVWKHUHVWRIWKHFUDQLDOPHFKDQLVP +RFNHO
 
7KLV LOOXVWUDWHV D F\FOH WKDW KDV EHJXQ DQG ZLOO
FRQWLQXHXQWLOFRUUHFWLYHPHDVXUHVDUHWDNHQ *HOE

 $ VLPSOH IUHQHFWRP\ SURFHGXUH FDQ FRUUHFW
WKH ¶WRQJXH WLHG· FRQGLWLRQ DQG UHGXFH IXWXUH
GLIÀFXOWLHV *HOE   7KLV LV EHVW DFFRPSOLVKHG
E\ D ODVHU WHFKQLTXH ZKLFK UHGXFHV VFDU WLVVXH
IRUPDWLRQ DQG LV QHDUO\ EORRGOHVV 7KH KHDOLQJ LV
IXUWKHU HQKDQFHG E\ WKH XVH RI D ORZOHYHO ODVHU
IROORZLQJ WKH VXUJHU\ 7XQHU  +RGH   7KH
DXWKRU UHFRPPHQGV =GD\ IRU ² GD\V IRU
IXUWKHUKHDOLQJDQGVFDUUHGXFWLRQ

6\Z'·*
$QH[DPLQDWLRQE\DFUDQLDOO\DVWXWHGHQWLVWWUDLQHG
LQIXQFWLRQDOMDZRUWKRSHGLFVVKRXOGEHVFKHGXOHG
WRHYDOXDWHSRVWXUHQDVDOEUHDWKLQJDUFKIRUPDQG
MDZSRVLWLRQ *HOE 
3HUPDQHQWWHHWKEHJLQHUXSWLQJEHWZHHQDQG
 \HDUV ROG VR LI WKH MDZV DUH WRR VPDOO WKH WHHWK
ZLOOQRWKDYHURRPWRVWUDLJKWHQ:KHQVPDOOMDZV
DUHSUHVHQWLWLVQRWXQXVXDOWRVHHRQHSHUPDQHQW
WRRWK LQ WKH ORZHU IURQW SDUW RI WKH PRXWK
GLVSODFH WZR EDE\ WHHWK DV LW IRUFHV LWV ZD\ LQWR
WKHMDZ 3DJH 7KHLGHDODUUDQJHPHQWLQWKH
²\HDUROGLVWRKDYH² PPRIVSDFHEHWZHHQDOO
WKH IURQW EDE\ WHHWK EHFDXVH WKH SHUPDQHQW WHHWK
DUH ODUJHU VR WKH\ QHHG PRUH URRP WKDQ WKH EDE\
WHHWK

6\Z*·&'
2EVHUYLQJ RYHUDOO IDFLDO VWUXFWXUH FDQ SURYLGH D
WKHUDSLVW ZLWK LPSRUWDQW FOXHV DV WR KLVWRULFDO
JURZWK SDWWHUQV DQG SRVVLEOH XQGLDJQRVHG
G\VIXQFWLRQV =HLQHV 
 $ ¶ORQJ· IDFH LV RQH WKDW VHHPV WRR ORQJ DQG
QDUURZ DOPRVW VWUHWFKHG RXW 7KLV DSSHDUDQFH
PD\ KDYH EHHQ FDXVHG E\ DOOHUJLHV PRXWK
EUHDWKLQJELUWKWUDXPDIODFFLGPXVFOHVRIPDVWL
FDWLRQWUDXPDRULQFRUUHFWKHLJKWRIUHVWRUDWLYH
WUHDWPHQWV ZKLFK KDYH LQFUHDVHG WKH YHUWLFDO
GLPHQVLRQ E\ WRR JUHDW D GHJUHH (QORZ 
*HOE0DKRQH\HWDO0HZ 
 $ ¶VKRUW· IDFH LV QRWLFHG E\ DQ RYHUDOO
DSSHDUDQFH RI FRPSUHVVHG IDFLDO IHDWXUHV 7KLV
FDQ EH FDXVHG E\ FOHQFKLQJ RU JULQGLQJ RI
WKH WHHWK VHFRQGDU\ WR WUDXPD RU HPRWLRQDO
SV\FKRORJLFDO VWUHVV 6DFURLOLDF MRLQW LQVWDELOLW\
FDQ DOVR FDXVH D 70- FOHQFKLQJ UHIOH[ WR
RFFXU LQ DQ HIIRUW WR VWDELOL]H WKH VDFURLOLDF

(+(
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MRLQW (QORZ  )HHOH\  )U\PDQQ 
*HOE 

>BEDGI6C8:D;BJAI>9>H8>EA>C6GN
6EEGD68=
0XOWLGLVFLSOLQDU\ FDUH FDQ HQKDQFH WKH TXDOLW\
HIÀFLHQF\VSHHGDQGHIIHFWLYHQHVVRIFUDQLDO70-
70' WUHDWPHQW *HOE   7KRXJK PRUH WLPH
DQG HIIRUW DUH UHTXLUHG WKH SDWLHQW WKHUDSLVW DQG
GRFWRU DOO EHQHÀW IURP WKH FRPPXQLFDWLRQ DQG
MRLQW WUHDWPHQW SODQV ZKLFK UHVXOW ,Q WKH ZRUGV
RI *HOE   D IRUHPRVW DXWKRU DQG SURSRQHQW
RI WKHVH DSSURDFKHV ¶7KHUH LV QR SODFH IRU
LQWHOOHFWXDOLVRODWLRQLVPLQWKHKROLVWLFDSSURDFKWR
WKH GLDJQRVLV DQG WUHDWPHQW RI WKLV FOLQLFDO HQWLW\
70-G\VIXQFWLRQ ·

8DC8AJH>DC
7KH VWUHQJWK RI WKH FUDQLDOGHQWDO FRQQHFWLRQ
FDQQRW EH RYHUVWUHVVHG :LWKRXW RQH RU WKH RWKHU

WKH EHVW SODQQHG WUHDWPHQW FDQ IDLO ,W LV WKLV
DXWKRU·V RSLQLRQ WKDW FUDQLDO WKHUDS\ FDQ KDYH
LPPHGLDWH SRVLWLYH HIIHFWV RQ WKH JHQHUDO KHDOWK
DQG ZHOOEHLQJ RI DQ\ LQGLYLGXDO 7KLV HVSHFLDOO\
LQFOXGHV WKRVH ZKR DUH PHGLFDOO\ FRPSURPLVHG
7KH DXWKRU EHOLHYHV WKDW FUDQLDO WKHUDS\ LV
EHQHÀFLDO IRU DOO GHQWDO SDWLHQWV DQG VKRXOG EH
LQFOXGHG LQ PRVW ² LI QRW DOO ² GHQWDO UHJLPHQV
7KDW EHLQJ VDLG KH DOVR EHOLHYHV WKDW GHQWLVWU\
KDV D SRZHUIXO HIIHFW SRVLWLYH DQG QHJDWLYH  RQ
WKH FUDQLDO PHFKDQLVP DQG WKXV FDQ HQKDQFH RU
WKZDUWWKHEHVWHIIRUWVRIWKHFUDQLDOWKHUDSLVW7KH
ERG\QHHGVWREHYLHZHGDVDQHQWLUHVWUXFWXUHDQG
WKH GHQWDO SURIHVVLRQDO GHQWLVW RUWKRGRQWLVW RU
RUDO VXUJHRQ  PXVW EH HQFRXUDJHG WR XQGHUVWDQG
DQG FRQVLGHU WKLV LQWHUUHODWHGQHVV 2QO\ LQ WKDW
ZD\ FDQ KH RU VKH WUXO\ DSSUHFLDWH WKH ORQJWHUP
LPSDFW WKHLU FKRLFH RI WUHDWPHQW ZLOO KDYH RQ
WKHLUSDWLHQW·VRYHUDOOKHDOWKDQGZHOIDUH,WLVWKLV
DXWKRU·V KRSH WKDW WKURXJK LQFUHDVHG HGXFDWLRQ
DQG DZDUHQHVV WKH KHDOWK SURIHVVLRQV ZLOO PDNH
D FRQFHUWHG HIIRUW WR XWLOL]H WKH LQIRUPDWLRQ LQ
WKLVERRN

G:;:G:C8:H
$UEXFNOH%(DUO\FUDQLDOFRQVLGHUDWLRQV-RXUQDORIWKH
$PHULFDQ'HQWDO$VVRFLDWLRQ²
$UEXFNOH%(IIHFWVRIXWHULQHIRUFHSVXSRQWKHIHWXV
-RXUQDORIWKH$PHULFDQ'HQWDO$VVRFLDWLRQ²
%DNHU(*$OWHUDWLRQLQZLGWKRIPD[LOODU\DUFKDQGLWV
UHODWLRQWRVXWXUDOPRYHPHQWRIFUDQLDOERQHV-RXUQDORI
WKH$PHULFDQ'HQWDO$VVRFLDWLRQ²
%HFNHU526HOGHQ*7KHERG\HOHFWULF
HOHFWURPDJQHWLVPDQGWKHIRXQGDWLRQRIOLIH
:LOOLDP0RUURZ1HZ<RUN
%RZEHHU*7KHVHYHQWKNH\WRIDFLDOEHDXW\DQG70-
KHDOWK²SDUWSURSHUFRQG\ODUSRVLWLRQ7KHIXQFWLRQDO
RUWKRGRQWLVW DUFKLYH $PHULFDQ$VVRFLDWLRQIRU
)XQFWLRQDO2UWKRSHGLFV/DQJKRUQH3$
%UHLQHU0:KROHERG\GHQWLVWU\4XDQWXP+HDOWK
3UHVV)DLUÀHOG&7
%XUU6D[WRQ+%OXHSULQWIRULPPRUWDOLW\7KHHOHFWULF
SDWWHUQVRIOLIH1HYLOOH6SHDUPDQ(VVH[(QJODQG
&DUOVRQ-3K\VLRORJLFRFFOXVLRQ$FFX/LQHU3URGXFWV
:RRGLQYLOOH:$
&DUSL$7KHWR[LFRORJ\RIPHUFXU\&LW\&ROOHJH1HZ
<RUN
&DUWHU-5DFNHWHHULQJLQPHGLFLQH²WKHVXSSUHVVLRQRI
DOWHUQDWLYHV+DPSWRQ5RDGV3XEOLVKLQJ1RUIRON9$

&DWKLH$)DVFLDRIWKHKHDGDQGQHFNDVLWDSSOLHVWR
GHQWDOOHVLRQV-RXUQDORIWKH$PHULFDQ'HQWDO$VVRFLDWLRQ
²
&HOLF5-HUROLPRY9$VVRFLDWLRQRIKRUL]RQWDODQG
YHUWLFDORYHUODSZLWKSUHYDOHQFHRIWHPSRURPDQGLEXODU
GLVRUGHUV-RXUQDORI2UDO5HKDELOLWDWLRQ  ²
&KDLWRZ/&UDQLDOPDQLSXODWLRQWKHRU\DQGSUDFWLFH
RVVHRXVDQGVRIWWLVVXHDSSURDFKHV&KXUFKLOO/LYLQJVWRQH
1HZ<RUN
&KDLWRZ/'HODQ\-:&OLQLFDODSSOLFDWLRQRI
QHXURPXVFXODUWHFKQLTXHV&KXUFKLOO/LYLQJVWRQH1HZ
<RUN
&KDU-+ROLVWLFGHQWLVWU\1XWULNLQHWLF'\QDPLFV$LHD
+DZDLL
&KLD0&KLD0$ZDNHQKHDOLQJOLJKW+HDOLQJ7DR
%RRNV+XQWLQJWRQ1<
&RKHQ6%XUQV53DWKZD\VRIWKHSXOS0RVE\6W
/RXLV02
&XWOHU$$PDOJDPLOOQHVVGLDJQRVLVDQGWUHDWPHQW
$QGUHZ+DOO&XWOHU6DPPDPLVK:$
'LDPRQG-D%HKDYLRUDONLQHVLRORJ\+DUSHUDQG5RZ
1HZ<RUN
'LDPRQG-E<RXUERG\GRHVQ·WOLH:DUQHU%RRNV1HZ
<RUN

GZ[ZgZcXZh

(QORZ'+DQGERRNRIIDFLDOJURZWK:%6DXQGHUV
3KLODGHOSKLD3$
(QYLURQPHQWDO3URWHFWLRQ$JHQF\ 86 0HUFXU\VWXG\
UHSRUWWR&RQJUHVV3XEOLFDWLRQQR(3$3$E
(3$:DVKLQJWRQ
)HHOH\5&OLQLFDOFUDQLDORVWHRSDWK\²VHOHFWHGUHDGLQJV
&UDQLDO$FDGHP\0HULGLDQ,'
)HW]HU-(QHUJ\ÀHOGVLQPHGLFLQH-RKQ)HW]HU
.DODPD]RR0,
)LVFKHU0'HDWKDQGGHQWLVWU\&KDUOHV&7KRPDV
6SULQJÀHOG,/
)RQGHU$7KHGHQWDOSK\VLFLDQ8QLYHUVLW\3XEOLFDWLRQV
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A cavitation is a hole in the bone, often where a tooth has been removed and the bone has not filled
in properly. In the last several years, the term cavitation has been used to describe various bone
lesions which appear both as empty holes in the jawbones and holes filled with dead bone and bone
marrow(5). Dead, cavitational areas, which produce pain, are now called NICO (Neuralgia Inducing
Osteonecrosis) lesions(6). Cavitations are often a result of either ischemic osteonecrosis, due to poor
blood flow in the marrow, or a traumatic bone cyst. In his book on oral pathology, Dr. G.V. Black, one
of the early experts on cavitations, suggested surgical removal of these dead bone areas. Other less
traumatic measures are now first used and surgery with curetting is used primarily where the patient
has significant health effects not resolved by other means. When a tooth is being extracted, in what
has been normal dental procedure, the surrounding periodontal membrane is usually left behind.
Theoretically, when a tooth has been pulled, the body will eventually fill in the space in the bone
where the tooth once was. But when the membrane is left behind, an incomplete healing commonly
takes place which leaves a hole or a spongy place inside the jaw bone. Experts speculate that perhaps
this is because the bone cells on either side sense the presence of the periodontal membrane and
"think" that the tooth is still there. This appears to be one common cause of cavitations. (1,3-5,1622,29-32,45)
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Ondodontic cysts are also commonly occurring usually in the gums at the tip of a tooth, that have
pockets of bacterial infection that can cause inflammation and pain in some cases similar to
cavitations (48,49,33). Bacterial infections are also known to have systemic effects.
A cavitation can form in any bone in the body, not just in the jaw bones. There are also other reasons
that cavitations form, some of which are localized traumas, poor circulation to the area, clotting
disorders, and the use of steroids.

On X-ray of an extracted tooth site, this membrane can form an image that appears to be a shadow of
a tooth. Almost always, this is indicative of a cavitation. Most dentists are aware of this phantom
tooth image, but they do not recognize it as a site of potential problems. Other means of locating or
identifying cavitational areas include sonic imaging(CAVITAT)(3,68), local anesthesia, Spect Scan(65),
pressure to determine trigger points, Computer Electro Dermal System(67), etc. While positive Spect
Scans were found in 19 of 20 patients with jaw pain, several control patients with no pain also had
positive scans- often finding previous jaw pathoses. Thus the Spect Scan was not sensitive at
differentiating painful from non-painful conditions. Some of the other methods had more success at
such differentiation.

What's hiding inside?
Inside a cavitation, bacteria flourish and deviant cells multiply. Cavitations act as a breeding ground
for bacteria and their toxins. Research has shown these bacterial waste products to be extremely
potent(7,8). Cavitations can also cause blockages on the body's energy meridians and can exert farreaching impact on the overall system. Investigation has revealed that some cavitations are reservoirs
of huge amounts of mercury and other toxic substances. Cavitations may be a source of low level or
high level stress on the entire body. (1-73)
How toxic are cavitations and what type of effects are caused by cavitations?
The results of recent research of Dr. Boyd Haley (former Chairman, Department of Chemistry,
University of Kentucky) show that ALL cavitation tissue samples he's tested contain toxins, which
significantly inhibit one or more of the five basic body enzyme systems necessary in the production of
energy(7,8). These toxins, which are most commonly likely to be metabolic waste products of
anaerobic bacteria (bacteria which don't live in oxygen), may produce significant systemic effects, as
well as play an important role in localized disease processes, which negatively affect the blood supply
in the jawbone.
There are indications that other types of toxins also accumulate in cavitations, and when these toxins
combine with certain chemicals or heavy metals (for example, mercury), much more potent toxins
may form(5-15).
High levels of mercury are commonly found in some cavitations and in general in the jawbone of
those with mercury amalgam fillings and to have significant local and systemic effects (79). Mercury is
known to be extremely toxic and to commonly cause chronic adverse local and systemic health effects
(70). Yeast and fungi have also been found to accumulate in cavitations, and to have significant
systemic effects (10-14).
Accurate tests for cavitation related bacterial toxins have been developed by the Affinity Laboratory in
Kentucky, based on research by Chemists from the Univ. of Kentucky Dept. of Chemistry (7,8). The
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toxins released by anaerobic bacteria in cavitations have been found to be extremely toxic, and to
have major effects on necessary body enzymes and the immune system.
Cavitations are Very Common
One study(1,20) of cavitation incidence involved an analysis of 112 randomly selected dental patient
charts who had been tested for cavitations, with patient age ranging from 19 to 83 years among 40 \
males and 72 females. The cavitations were tested for using exploratory drilling. Cavitations were
found at approximately 75% of all extraction sites examined.
The most commonly extracted teeth, the third molars ("wisdom teeth"), produced CVs that were
found by clinical exploration in 313 out of 354 extraction sites (88%). Cavitations were found in 35 of
50 second molar extraction sites (70%), and for first molars, 60 of 73 extraction sites showed CVs
(82%). They were found in 441 of the total number of 517 molar extraction sites explored (85%). For
the maxillary non-molars, CVs were found in 72 of 123 extraction sites (58%), and for mandibular
non-molars, 23 of 51 extraction sites were affected (45%). For all non-molars, the CV rate was 55%,
representing 95 of 174 extraction sites. Note that the cavitations found were not all related to pain or
known chronic conditions, and dental patients who had been tested for cavitations is not the same as
the general population, so the general population likely has a somewhat lower cavitation incidence.
Bob Jones is the inventor of the CAVITAT -an ultrasound instrument designed to detect and image
cavitations that has been approved for testing for cavitations by the FDA after undergoing FDA clinical
trials (2b). He found cavitations of various sizes and severity in approximately 94% of several
thousand wisdom teeth sites scanned(2a). He also found cavitations under or located near over 90%
of root canal teeth scanned in both males and females of various ages from several different
geographic areas of the United States. Note again that the population being tested for cavitations in
these trials is not the same as the general population, which might have a somewhat lower incidence
of cavitations. But its clear that the occurrence is very common.
Confirmation of cavitation necrosis and toxicity is commonly by 2 or the leading labs in the U.S. with
technology for performing such tests, the Maxifillial Center in West Virginia and the Affinity Laboratory
in Kentucky.(5-8). Analysis typically finds clear evidence of chronic intraosseous inflammation- often
with dense marrow fibroisis or nonresorbing necrotic bone flakes with very little healing or new bond
formation(6). It has also been found that these lesions often spread to other areas to initiate further
cavities.
Root Canals and Cavitations
Research has demonstrated that virtually all root canals result in residual infection due to the
imperfect seal that allows bacteria to penetrate. The most commonly used material in root canals is
gutta percha, which is soaked with chloroform and heated. But when the chloroform evaporates and
the gutta percha cools, there is significant shrinkage in all such root canal fillings, which allows
entrance of bacteria(18-22,50). A condition that commonly occurs with root-canaled teeth is a
radicular or periapical cyst or apical periodontis, which is a pocket of bacterial inflammation that often
forms in the gums at the tip of root-canaled teeth(48,49,52,53) due to bacteria inhabiting the tooth.
These are the most common type of cysts that form in the gums and can also be a factor in formation
of cavitations in the neighboring jawbone. Once established, nonmutans streptococci, enterococci and
lactobacilli appear to survive commonly following endodontic root-canal treatment of teeth with
clinical and radiographical signs of apical periodontitis (51). Large scale tests found cavitations under
or located near approx. 90% of root canal teeth scanned in both males and females of various ages
from several different geographic areas of the United States(2). The general population could be
somewhat different from this sample as the sample was not a random sample. In tests of 745
randomly chosen root-canaled teeth at a dental school, done at least 1 year prior to test, 33% were
found to have apical periodontitis(53).
The toxins given off by these bacteria are often even more toxic than mercury(7-10). The bacterial
toxins from root-canaled teeth and associated cavitations can cause systemic diseases of the heart,
kidney, uterus, immune, nervous and endocrine systems.
A useful and commonly used test to assess the cause of toxic related chronic health conditions is the
urinary fractionated porphyrin test, which measures the degree that toxic exposures have blocked
digestive enzymatic processes necessary to the function of the body, by looking at the level of various
waste porphyrins in the urine caused by these blockages. The level of such toxic related porphyrins in
the urine of people with chronic conditions including Parkinson’s have been found to decline in some
patients after cavitation treatment(or amalgam removal). (20). This is also been found for many
cases of Lupus and MS(78,38). Lupus symptoms are often associated with blockage and resulting high
levels in urine of Uriporphyrin, while MS is more commonly associated with high Coproporphyrin.
Cavitation Treatment usually results in significant pain improvement
Cavitations commonly cause adverse health effects, and many thousands of cavitations have been
treated. They are commonly tested or biopsed by labs having the expertise to provide these services,
and virtually all that have been tested or biopsed were found to be associated with dead, necrotic
tissue and extreme toxicity(3,5-9). The types of conditions that cavitations have been most commonly
related to are atypical facial neuralgia, trigeminal neuralgia, chronic sinusitis, phantom toothache
pain, and headaches including migraines.
Dr. Briener, DDS, and others recommend two primary methods of treatment for their patients
(40,54,33,etc.). First is a procedure where special homeopathic medications called Sanum remedies
are injected into the cavitation site, and then a modified form of infrared light or low level laser light
therapy is applied to the area. In some cases the light therapy alone has been sufficient to resolve the
problem(54). This is often successful in cases related to smaller cavitations with primarily poor blood
flow or bacterial toxin effects . Cavitations have also been treated successfully using oxygen/ozone
therapy(74). Although cavitations are very common, they should only be treated surgically if there is
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indication of a relation to pain or chronic health effects not resolved by other means. There are
various ways to assess this.
If this method is not successful, the alternative is to surgically open the area and clean the remaining
ligament and resultant debris from the bone. Every biopsy of bone material he has collected from
cavitation surgeries has shown osteonecrosis, or dead bone material. In all studies reviewed, the
majority of those undergoing surgery for NICO pain had significant pain relief after surgery(3Table1,40,42-45,55-63,70,71,etc.). Clinical experience indicates that delays in treatment can lead to
further infections(44), and the majority of patients have long term pain relief(45). However as much
as 30% may have reoccurrence or new cavitations that lead to reoccurrence of pain. Prior to bone
marrow biopsy the average NICO patient has been in pain for 6 years (up to 32 years), usually
diagnosed as atypical facial neuralgia/pain, but also diagnosed as trigeminal neuralgia, chronic
sinusitis, phantom toothache/pain, and various headaches, including migraine headache(3). However
treatment has also been successful at eliminating rheumatoid arthritic pain(43,18,26,27).
French and German oral surgeons have developed an alternative method of minimally invasive
cavitation surgery (41).
Due to the nature of the mechanisms related to cavitation formation, it is not uncommon for
cavitation sites that are treated to become reinfected or to accumulate other toxins that can cause a
relapse of symptoms. Such cases may require retreatment using either surgery or other options.
Chronic health conditions other than pain related to cavitations and oral bacteria levels
Many researchers today believe that NICO lesions, like periodontal disease, is the focus of various
infections which may spread throughout the body and have systemic effects. In the last few years,
some of the most surprising medical news has been the discovery that bacteria from the mouth
appear to be very influential in causing various heart, liver, kidney, and immune problems(68).
Researchers from New York University found that certain bacteria from the mouth may be related to
preterm delivery and low birth weight according to a study in the Journal of Periodontology (JOP).
(68b) The presence of specific bacteria and combinations of bacteria in periodontal pockets also
appears to be responsible for the relationship between periodontal disease and acute coronary
syndrome (ACS), according to a new study published in the Journal of Periodontology (68c).
Dr. Weston Price was a prominent dental researcher leading a medical research team on the relation
between root-canal teeth and chronic health conditions(70). Through a long series of well documented
clinical cases and experiments his team found that root-canals accumulate bacteria that give off
extreme toxins sufficient to cause serious health conditions, including cancer(22,25,28,29,36,37,
38,46,47,70,etc.) , cardiovascular conditions(19-22,29,36,38,70,72, 73), arthritis
(22,27,29,36,38,43,70,etc.), neurological conditions (3,5,42,56,70-72,etc.) kidney conditions, etc. Dr.
Meinig, one of the founders of the endodontic association has reviewed the research of Dr. Price and
others and is in agreement with their findings(18,20,26).
Many doctors and dentists through their experience with patients have reached similar conclusions
(18-26,28,29,32-39,45,54-65,71, 73). They have had large numbers of patients who have had such
health conditions significantly improve after treatment of root canals or cavitations along with other
detoxification measures. A collaborative study by the North Carolina Institute of technology using
advanced tests developed by Affinity Laboratory has demonstrated the mechanisms by which
cavitations can cause cancer(47).
Modern experiences also support this theory. Dr. Issels, a German physician, recommends extraction
of root canal teeth as part of his protocol for terminal cancer patients. Over the last 40 years with
16,000 patients, he has observed a 24% total remission rate(46,25).
Dr. Florian Kubitzek, a physician and dentist in Munich, Germany, uses the CT scan to study the teeth
and jaw. His scanning technique has been invaluable in diagnosing jaw abscesses below the teeth that
have been inadequately treated by standard dentistry. Conventional dental X-rays have entirely
missed the jaw abscesses known as cavitations. Kubitzek treats many cancer patients who have
dental cavitations as a collaborative approach in the overall treatment of metastatic and primary
cancer(37).
Dr. John Diamond(MD) says that all patients with breast cancer that he has tested had root canals on
the tooth related to the breast area on the associated energy meridian." (25)
Other clinics that treat cancer have similarly found that most of their patients with cancer have rootcanaled teeth or cavitations and that treating these is an important part in success at treating cancer
(38,39)
Research and clinical cases have found cavitations to be related to many chronic health conditions
which have improved after cavitation treatment, including cancer, congestive heart failure and other
cardiovascular problems, lupus, rheumatoid arthritis, and autoimmune conditions- perhaps related to
cavitations major effects on the immune system.
If you have a joint implant or mitral valve prolapse, your dentist must prescribe an antibiotic before
any dental treatment. Why? Because bacteria from the mouth can spread through the blood to cause
serious problems elsewhere in the body. There is growing evidence that the toxins from NICO lesions
do the same.
Trigeminal Neuralgia, one of the most severe painful conditions which occurs to man and women ,
many other face and jaw neuralgic illnesses, have for the most part, had unknown causes until
recently. The discovery of paw bone infections ( cavitations lesion ) is proving an important reason for
the occurrence of high percentage of these diseases. Their correction has achieved an impressive cure
rate. In view of the subject matter of the Root Canal Cover- up , the fact of Root filled teeth being
cause of these cavitations infections should be if particular interest
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J.E. Bouquot, D.D.S. , M.S.D.

Photo from J.E. Bouquot D.D.S figure top drawing of atypical cavitating NICO lesion of the mandible
shows an irregular outline, darkened walls, destruction of the inferior alveolar canal, and a frayed
rope appearance to the exposed neurovascular bundle . Figure bottom . A large NICO lesions is seem
in the mandibular molar region ( large arrows ) . The small arrows point to a less severely involved
second site of ostonecrosis just above the inferior border and involving the inferior alveolar nerve.
A cavitation refers to a toxin-containing hole in the jawbone, often at the site of a previously
extracted tooth. Cavitations have many scientific names such as ischemic osteonecrosis, chronic nonsuperative osteomyelitis, and neuralgia inducing cavitational osteonecrosis (NICO). This is not so
much an infection in the bone, as a necrosis or gangrene (dead tissue) in the bone marrow, as a
result of impaired blood flow (ischemia). A cavitation often develops because of incomplete healing
after routine extraction. The contents of cavitations are always necrotic, dead or dying material. The
microscopic picture looks the same as gangrene! If a gangrenous extremity is not amputated, the rest
of the body will sicken and die, due to a high concentration of anaerobic bacterial toxins.
Incomplete healing of a cavitation is promoted by a number of factors, including the following:
• Failure to completely remove the periodontal ligament lining the tooth socket that holds the
tooth to the bone
• Physically large surgical excavations, such as with impacted wisdom teeth, where the resulting
holes can be expected to be larger than usual and more new bone is required to fill the holes
• Failure to clean out the infected adjacent bone and periodontal ligaments seen in the
extraction of root canal treated and abscessed teeth
• Failure to remove condensing osteitis, the reactive bone formation that attempts to wall off
infection, usually involving the periodontal ligament as well
• Poor systemic healing support from a compromised immune system
• Poor nutrition and a weak thyroid gland.
• Failure to allow the formation of a complete blood clot at the excavation site; too early
dislodgment of a clot after extraction; also bleeding
• Smoking
• Antibiotic therapy
• Chronic osteoporosis of the jawbone
• Systemic and adjacent toxicity from other dental toxins and other sources
• Pre-existing periodontal disease, in addition to any other factor that would also promote
periodontal disease
One of the primary factors in cavitation formation seems to be that the initial extraction does
not include the thorough removal of the periodontal ligament from the socket after the tooth is
removed. Unfortunately, this inadequate socket cleaning is the routine procedure with most
extractions. Cavitation formation after tooth extraction is the rule and not the exception; yet,
the condition is still largely unknown to most of dentistry, and underestimated by those who
are aware of it. A cavitation can be expected to form when the socket lining separating the
tooth from the bone is not thoroughly removed. A thorough removal of the ligament requires
that a portion of the bony socket be removed as well.
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One purpose of this ligament is to give a certain amount of natural shock absorption to the
tooth. Without it, chewing would be much like riding on rims rather than tires. When the
periodontal ligament is not thoroughly removed from the socket after the extraction, the
surrounding bone receives no notification that the tooth is gone. The continued presence of
any portion of the ligament gives the biological message to the surrounding jawbone that all is
well, and no new bone growth is needed. Bone cells are not going to start new growth and
then migrate through a barrier naturally designed to limit such growth. The jawbone
determines that if the ligament is still there, the tooth must be there as well.
Since the periodontal ligament does not extend to the upper edge of the extraction site, new
bone growth activity will not be inhibited at the top of the socket, and a characteristic thin cap
of bone will eventually extend over the extraction hole. Larger cavitations often have only a
cap of gingival, or gum tissue, over them. Even the thin overlying cap of bone does not form in
these cases. In routine dental extraction, portions of the periodontal ligament will sometimes
remain more strongly attached to the tooth than the bone and be removed along with the
tooth. When partially removed in this fashion, the spotty absence of the ligament will permit
equally spotty growth of bone, resulting in the wide variety of cavitation shapes and sizes.
Even when large wisdom teeth are removed surgically from impacted sites with extensive
excavation, cavitations are nearly always present. When the excavated hole is large enough,
cavitation formation can be anticipated, even if most, or all, of the periodontal ligament is
removed, since so much more new bone growth is needed to completely fill the hole.
Condensing osteitis must be completely removed to give the opportunity for complete healing.
Solid, healthy bone must be reached to allow the normal regeneration of bone. When infection
or necrosis remain throughout the socket and adjacent bone, with or without condensing
osteitis, healing will rarely ever be completed.
Blood clot formation, with its gradual retraction over time as the surrounding tissue heals in, is
nature's way of promoting proper healing throughout the body, not just in the mouth. When a
nicely formed blood clot fills the socket, healing gets a good start. But when it is dislodged
early, or adjacent periodontal disease or smoking causes too rapid a retraction, a dry socket is
the result, and cavitation formation can then be anticipated.
Preexisting diseases, such as osteoporosis with poor bone structure in the jawbone before the
extraction, can clearly promote the formation of cavitations. Bleeding disorders, which would
directly impair the formation of the important blood clot, can also be promoting factors.
Periodontal disease can also serve to more easily infect the freshly extracted sites and bathe
them in the toxins produced by the anaerobic bacteria trapped in the diseased gums. The
presence of local and systemic toxins will also impair the healing process anywhere in the
body. The presence of toxins such as heavy metals will chronically disrupt the
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calcium/phosphorus balance in the body, promoting the continuous mobilization of calcium
from the bone into the tissues and into the urine. Any healing bone needs more bioavailable
calcium, not its removal.
The procedure to clean a cavitation has often involved use of a blind approach, due to a lack of
reliable diagnostic tools. Consequently, dentists have missed smaller and unusually located
cavitations. Even a larger cavitation could be missed by the wrong angle of attack by failing to
explore the one cusp site that had cavitated. Cavitations will also interconnect and form
channels in the jawbone.
An explored channel might be counted as only one cavitation when it actually developed from
more than one unhealed extraction site. Many smaller cavitations will never be found because
the operator may not opt to explore a smaller area between the teeth on either side of the old
extraction site. Larger cavitations can extend below the mandibular nerve. Such large
cavitations allow the toxins more access to the rest of the body by utilizing the mandibular and
other nerve channels. Most dentists seem to convince themselves that if a cavitation cannot be
seen on x-ray, it must not be there. However, a cavitation characteristically cannot be seen on
x-ray. While some cavitations can be clearly visualized on a panoramic x-ray, by those who are
trained to identify them, the vast majority of cavitations, even large ones, will be completely
missed on a careful examination of the x-rays.
Only a cavitation that has formed with additional calcification around a well-defined border will
be visualized on X-ray. The cavitation officially forms when healing at the top is complete. The
healing over on top allows the rapid development of an oxygen-deprived, or anaerobic, state in
the hole. Native mouth bacteria produce highly toxic metabolic by-products when deprived of
oxygen. Bacteria that are normally harmless to man when oxygen is present form a deadly
toxin when oxygen is removed. An example of deadly toxins forming when oxygen is absent is
the botulism toxin, resulting from vacuum-packed foods, sealed with bacteria present. Some
toxins found at cavitation sites are up to 1,000 times more toxic than botulism in their effects
on enzymes systems.
Antibiotics will not help the individual poisoned with botulism, nor will they help the cavitation
patients, as the problem stems primarily from bacterial toxins, not bacteria. Only a rapid
neutralization of a large toxin dose will save the patient. Toxins in both cavitations and root
canal filled teeth rapidly kill vital human enzymes at the lowest imaginable concentrations.
Cavitation toxicity tends to be cumulative. The more cavitations you have, the more toxicity is
present. Cavitations also may make other diseases worse. They will make it more difficult for a
compromised immune system to ever completely recover. The immune system
characteristically tolerates all stresses fairly well until it collapses relatively suddenly. It will
compensate as long as possible, then very suddenly its defenses will no longer be effective.
Cavitations might not be the cause of an illness, but they can easily be the factor that prevents
recovery from it.
Sonic Imaging
There is a new technology that has been developed that can image the jawbone using
unfocused ultrasound that provides a color-coded three dimensional representation of the
density of the bone and shows loss of bone or ischemic dying bone tissue that is usually not
seen on x-ray imaging. This technology, called a Cavitat, has been approved by the FDA and is
now available. It has an incredibly high accuracy record in the findings of a correctly performed
scan. This can be done chair-side at a dental facility so equipped. Check out the Cavitat
website at www.dentalhelp.org. They have references for dentists who have cavitat devices, as
well as other educational materials, etc.
Treatment
Surgery is often necessary to properly and thoroughly clean out a cavitation site, for there is
no other way to remove dead bone. The key to bone healing and regeneration is through
removal of necrosis and support of the thyroid gland, especially by using detoxified iodine.
Neither injections into the bone with homeopathic remedies or laser light treatments will work
to stop the progressive necrosis. If necrotic tissue is not thoroughly removed, the necrosis will
spread and cause more destruction to the bone, nerves and blood vessels. This kills teeth in
the process, for they are cut off from their blood supply. After cleaning out the necrotic bone,
healing can then take place and new bone cells will fill in the cavitations. Unfortunately, there
are only a handful of dental surgeons today who do a proper job of thoroughly cleaning out the
diseased bone tissue.
Dr. Wesley Shankland has written a very comprehensive book for individuals who suffer with
TMJ and related disorders. TMJ: Its Many Faces, 2nd Edition, published by Anadem Publishing,
has drawn on Dr. Shankland's experience of over 23 years of treating patients from all over
North America and around the world. These patients have seen, on average, six other health
professionals prior to seeing Dr. Shankland. While many of these patients have been told that
their TMJ problem is a result of stress, Dr. Shankland has found that nearly 100% of these
patients do have physiological and/or anatomical reasons for their pain. This book discusses
how the patient can become actively involved in his or her treatment. Included are complete
instructions and diagrams of exercises. Lifestyle changes are outlined and a chart of dietary
modifications are contained within the book. An entire chapter is devoted to choosing and
evaluating a TMJ doctor.
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A cavitation as described here is not generally recognised by conventional medicine. However they exist. They
were first described by the father of modern dentistry, Dr G V Black, over 100 years ago. Uncomfortable facts take
time to be accepted.
Cavitations or NICO's occur when bone is deprived of its blood supply and dies. When the bone dies a hole in the
bone develops, literally a cavity and into this hole migrate anaerobic bacteria. These bacteria live without oxygen,
indeed oxygen is poisonous to them. Bacteria organise themselves into colonies which can be visualised as cities.
Cities require food to come in (you the patient are the food!) and generate waste material. The waste material made
by these bacteria is toxic in the extreme and in cavitations this toxic material is constantly being released into the
body.
If Mustard Gas, used in WW1, is taken as a yard stick, then most of the bacterial waste products are 10 or more
times as toxic than Mustard Gas.
Cavitations can occur in any bone in the body usually after infection or trauma of some sort. Naturally dental extraction
can easily be the cause of a cavitation, this is especially true of wisdom teeth extractions. Most extractions are due to
infection, they involve stretching and sometimes fracture of the bone, all predisposing factors for cavitation formation.
Added to this is the fact that if the membrane that holds the tooth in place, the periodontal membrane, is not removed
at the same time as the tooth comes out, this to leads to cavitation formation. It is not common for the dentist
removing the tooth to also remove the membrane at the same time, an unfortunate fact.
Cavitations can be symptomless in situ causing problems at other places in the body. They can also be intensely
painful causing severe crippling pain similar to a very bad unremitting toothache or neuralgic pain. When this happens
the cavitation is called a NICO or Neuralgia Inducing Cavitational Osteitis.
Not all extractions lead to cavitation formation. Just because you have a cavitation does not mean it must be treated.
The decision as to whether to treat a cavitation depends on the size of the cavitation and the symptoms displayed by
the patient. This must be assessed on an individual basis.

Diagnosis:
To find out if you have cavitations is not easy. Cavitations cannot be accurately diagnosed by normal X-rays. Normal
X-rays show only an indication if a cavitation is present, however a CAT Scan does show cavitations but only does
this accurately if all the metals in the mouth are removed before the CAT Scan is done. However, this diagnostic
method requires high dose radiation exposure, specialist facilities and is fairly expensive.
Cavitat is an ultra sound device designed for detecting chronic bone infections like cavitation infections. It is highly
accurate in skilled hands and needs to be read in conjunction with a good OPG x-ray. The Cavitat can show in 3D the
position and size of Cavitation infections.
Our experience over the years has shown the Cavitat to be extremely accurate. It has never given a false positive
reading. Occasionally it can miss a cavitation but local factors can come into play here. We are very pleased with the
results of our Cavitat Machine.
A simple but not so reliable method of detecting cavitations is to place a finger and thumb on either side of the
suspected cavitation and squeeze firmly. If pain is experienced then most likely this is a cavitation. As all cavitations
are fluid filled, squeezing the bone increases the hydrostatic pressure inside the cavitation causing pain.
Neural therapy can often give an indication of the presence of a cavitation infection. A tiny single drop of local
anaesthetic without adrenaline is placed over the suspected cavitation site. The symptoms associated with the
cavitation can then subside for a short while. If the symptoms persist, a further drop of anaesthetic is injected usually
starting from back of the mouth to the front until the site is found. This method, whilst good, is not 100% diagnostically
correct. With suspected NICOs it is extremely accurate. The key is a use a tiny drop near the tooth apex. Once again
experience is the key.
When local anaesthetics do not work, a reason is a cavitation infection near the injection site which can neutralise the
local anaesthetic
NICO's:
These are Neuralgia Inducing Cavitational Osteitis lesions.
They are the cause of acute disabling mystery facial pain. Quite often mistaken for Trigeminal Neuralgia, they seem to
defy traditional logic. The patient is sure that a tooth is to blame but when the tooth is extracted, the pain moves to
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another tooth or area. The patient can then loose many healthy teeth as the dentist searches for the cause of the
pain. The pain is often referred to another part of the mouth some distance from the NICO site which further confusing
the situation. NICO's arise commonly following a "routine extractions" or trauma such as whiplash. The conventional
treatment is antidepressants which do partially suppress the symptoms but at a cost. They are no long term solution.
The best diagnostic tools are the Cavitat and Neural Therapy. See below for a case history.

Treatment:
Cavitations do not respond to antibiotics. The only effective treatment is to open them up and clean them out
thoroughly. This means an operation.
We treat cavitations in a variety of ways, an old fashioned way is exactly as infections were handled before the
advent of antibiotics. This is by opening and cleaning the cavitation then keeping the hole open with a dressing and
changing the dressing daily. This has two purposes. The first is to allow oxygen into the cavitation to kill the bacteria
and secondly if the wound is sewn together then there is a blood filled cavity ideal for re colonisation by bacteria. This
allows a new cavitation to start. Keeping the wound open stops this and allows healing from the bottom up stopping
new cavitation formation. However, this does lead to a loss of bone after healing sometimes creating a dip in the
bone. Another disadvantage is the possible retention of the dressing in the surgical site. If all the dressings are not
counted in and counted out, some may remain. This can happen when the patient is at home dressing the site alone or
with the help of a family member. The gum grows over the dressing if it is left behind eventually requiring more
extensive surgery to remove all the fibres.
The dressing should be sterile surgical cotton soaked in a mixture of Iodine, Oil of Cloves and Hyaluronic Acid. Iodine
is fatal to bacteria and bacteria cannot become resistant to it unlike antibiotics. This is due to the unique biochemistry
of Iodine. Oil of Cloves produces instant soothing in the operation site. Hyaluronic acid is the substance found in a
baby's skin that makes it soft and supple. When applied to bone it encourages new blood vessels to grow through and
over the bone in a matter of days. when the bone is covered with new blood vessels, it resembles the velvet on the
new horns of a deer, infection cannot re-establish itself.
Our preferred method today is to clean and wash the site as above but with the addition of magnesium chloride.
Magnesium Chloride 5% solution has proved to be of enormous significance in accelerating post operative healing.
Magnesium Chloride was first used by the French Army in the first world war as wound irrigant. Subsequent research
showed that it stimulated the immune system, was anti bacterial, anti fungal and anti viral as well. So now after
cleaning the cavitation site as before, we irrigate the bone with magnesium chloride many times. The magnesium
chloride solution is ozonated by bubbling ozone through the solution for 30 minutes before use. In addition we flood
the whole area with ozone gas. Ozone is in a league of its own in killing the anaerobic bacteria that cause the
cavitation infection. The hole is then filled with an ozone gel and sewn up. This method has proven to be remarkably
effective with added advantages to the patient. These are no dressing changes with can be painful and time
consuming. Bleeding is better controlled with the ozone and the loss of bone is markedly reduced. However, some
cavitations are best treated the old fashioned way with dressings. which method we choose is down to our
considerable experience in treating cavitations.
The bone removed from a cavitation can be tested to see how toxic it is but the individual toxins cannot be identified
as yet.
This can be read about in more detail on Bioscience.COM.
Case Histories: All patients treated at the Munro-Hall Clinic
Resolution of Chronic Facial Pain
Case History and Discussion.
This describes a case of the alleviation of chronic facial pain of over18 year’s duration.
This is new technology revisiting the past, of ultrasound Cavitat Scans showing focal infections in alveolar bone and
how it was successfully dealt with.
The patient was a 55 year old female with a history of chronic facial pain emanating from the upper left edentulous
maxilla. The pain was severe and constant and centred in the maxillary arch. It radiated to the left eye socket and
over the left temporal region.
The patient had gone from dentist to doctor to oral surgeon eventually ending up at a specialised dental post graduate
centre

2 of 8

X-rays and a battery of blood and other tests had all been negative. She was given no positive diagnosis other than
the pain was probably of psychological origin. The treatment offered was tranquilisers and amitriptyline
antidepressants to be taken daily.
The medications reduced the severity of the pain but did not eliminate it.
When we saw her, she had been on this regime for 18 years. The side effects of the medications were now quite
prominent. They included weight gain due to fluid retention, pain in joints and a totally disrupted bowel function. In
addition she had psoriasis over the back and legs rendering any supine position extremely uncomfortable for the last 6
years. None of these symptoms had responded to drug treatment.
Examination and history taking showed routine dental treatment including a root filling on the right side and a number
of amalgam fillings. The upper left maxilla had no teeth behind the second premolar. These teeth had been removed
some 25+ years previously for unknown reasons. There was no sign of inflammation, the perio condition was good,
there were mild muscle and joint symptoms associated with a minor TMJ dysfunction but no pain or limitation of
movement of the mandible. The extracted teeth had never been replaced.
Pressure by thumb and forefinger over the ridge around the second molar area elicited some pain. A panorex
radiograph showed a radiolucent area in the same region. This is unusual but illustrative which is why we are using
this particular case. More often than not the radiographic result is read as normal (however, experienced eyes see
things differently).
An ultra sound scan was done of the whole mouth using the Cavitat scanner. This showed in 2D and 3D that there
was a cavitation space in the area of the pain and radiolucency. Administration of a small amount of local anaesthetic
without adrenaline in the area eliminated, albeit temporarily, the pain.
These results confirmed the diagnosis of a bony cavitation infection in the pain producing area.
This is a NICO infection or a Neuralgia Inducing Cavitational Osteitis or a Ratner bony defect.
Cavitation infections are unresponsive to antibiotics. Only surgical debridement can bring about resolution of these
infections. The causal organisms are anaerobic and the best consistent results in our experience are to open,
thoroughly clean the bone and flood the site with oxygen.
The patient being assessed as suitable for outpatient surgery a decision was made to surgically clean out the
cavitation area.
A flap was drawn back exposing the bone under local anaesthetic of reduced adrenaline content. On all cavitations
infections there is a fibrous knot of tissue directly above it. This makes retraction of the flap more difficult especially in
thin friable areas but does pinpoint the entry point to the cavitation quite precisely.
When the flap was retracted the hole in the bone was immediately seen at the second molar region. At no point
throughout the procedure were burs or any rotary instruments used. All procedures were performed with hand
instruments only.
Using a Hemmingway spoon curettes, soft bone was removed from the ridge opening the cavitation from the wisdom
tooth area to just behind the second premolar. Probing showed a hole in the bone about 1cm deep and the entire
width of the ridge. All the inner bony surfaces of the cavitation were soft as is usual. Slow and thorough hand
debridement followed until no softness was left. The contents of a cavitation are of a slimy jelly nature with a
characteristic stale Smokey smell and dark almost black in colour. In a large cavitation such as this, the centre is
hollow and the contents adhere to the bony walls. Painstaking thoroughness is required in this type of surgery.
Frequent and copious irrigation around the bone follows. This is with a 3 to 5% magnesium chloride aqueous solution
ozonated prior to use for 30 minutes with 67ppm ozone. We use 10ml syringes and at least 6 syringes are used.
Ozone gas, 20 ml also at 67ppm ozone was also put into the operation site using strict measures to prevent
inhalation. The base of the cavitation was filled with ozonated olive oil and the entry to the cavitation filled with a thick
sticky erythromycin gel. The site was firmly and tightly closed using resorbable sutures.
The erythromycin gel is made for us by a compounding pharmacist. Its use is not only a topical antibiotic but it "plugs"
the hole. Ozone gel, an excellent bactericidal, becomes runny at body temperature and the erythromycin gel prevents
this ozone gel running out. Ozone gel tastes particularly disgusting. Blood flows into this mixture nicely and a simple
pressure pack controls bleeding.
The patient under went intravenous infusions of 35g Vitamin C during the operation and for another 3 consecutive days
afterwards to control infection and accelerate healing.
The Vitamin C was diluted in Lactated Ringers1:4, and infused over three hours. The amount of Vitamin C used is
dependant upon the weight of the patient.
The healing result was excellent as seen by the photograph of the operation site 7 days later.
The operation was performed in April this year. The chronic pain diminished substantially directly after the operation.
Within three weeks the patient had reduced the medication by half, and was off all medication within eight weeks. She
did this on her own against our advice of seeking medical supervision.
The chronic facial pain of 18 years duration had entirely resolved within two months. The pain in the joints has also
gone and the bowels are now functioning normally. The psoriasis has been reduced markedly and the patient is no
longer taking any prescription medication. A rescan some six months later show new bone growth at the operation
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site.
No antibiotics were needed or taken orally before or after the operation.
In her words "I have not felt so well for years".
She has now stopped all medication and is without facial pain or discomfort.

Cavitat Scan of maxillary upper left area. Green is normal tissue, black areas shoe the cavitation
Discussion:
The theory of focal infection, out of fashion now in dental circles but still accepted by vetinarians, held sway in the
profession before the advent of readily available antibiotics. In our opinion the invention of the Cavitat Scanner, an
FDA approved device, is the most significant development in dentistry since the advent of the high speed turbine. It
shows with unerring accuracy in experienced hands, the location and size of these chronic infections.
The terms cavity and cavitation were used by an orthopaedic researcher in the 1930s, the former referred to holes in
teeth and the latter to holes in bone. Cavitations are brought about by infarctions of the supplying blood vessels to the
bone. They are seen most often in extracted wisdom teeth areas.
The father of modern dentistry, Dr G V Black described cavitations in his textbook on Oral Surgery in 1915 where he
recommended surgical removal of these dead and infected areas.
They have been accurately described by a medical Professor, Dr Fischer.
This case was a classic NICO. Some of the time, cavitation infections are painless. Some patients have a shooting
pain that can be confused with Trigeminal Neuralgia, others have a constant foul sour taste from drainage into the
mouth from a cavitation. Cavitations are infected with anaerobic bacteria which release exotoxins. Research from
Prof. Boyd Haley has shown that these toxins are very potent at inhibiting various enzyme systems. Not only this,
when these toxins combine with heavy metals, e.g. mercury, even more potent toxins are produced. The control for
toxin potency is Mustard Gas. These combined toxins are frequently more than ten times toxic than Mustard Gas.
These bacterial products have been indicated in blood vessel dysfunction such as occluded coronary arteries and
strokes.
This is entering a contentious area but it would explain the focal infection theory and is born out in clinical practice
where we see a variety of medical conditions and symptoms resolve after successful cavitation cleaning.
The bacteria produce a slime which insulates the bacteria from the immune system and any blood born antibiotics and
oxygen. The aim of surgery is to physically remove as much of the infective material as possible by curettage
instruments and allow oxygen in. We prefer not to use rotary instruments if possible as this may lead to microscopic
fractures in the bone that bacteria can access.
As cavitations are caused by interruptions of blood supply, infarctions, it would naturally follow that cavitations are
seen more frequently in the older age groups. However, we have seen 20 year olds with cavitations. Other
predisposing factors are smoking, long term cortisone use, oestrogen replacement therapy and reduced thyroid
function.
Initiating factors are always trauma to bone of various descriptions such as extractions, ID injections, root canals,
bruxism, periodontal infections, tooth apical infections or orthodontic treatment. Injuries from falling off bikes and
horses, whiplash and even falling drunk onto a taxi door twelve years previously have also caused cavitations we have
treated.
Ozonated magnesium chloride, 3% solution, is used as a rinse. Prof. Pierre Delbet used Magnesium Chloride in
treating wounds during World War 1. He found increased leucocyte activity and phagocytosis reduced the incidence of
post surgical infection using this rinse. We have added ozone to it as an extra measure against anaerobic bacteria.
The bacteria are so well established that every reasonable measure must be employed to defeat them, hence the use
of intravenous vitamin c, ozonated olive oil and the erythromycin gel. Experience over the years has found this rinse to
be superior to any others we have tried in post operative infection control and trouble free healing.
We use systemic oral antibiotics if post operative soft tissue infection occurs and occasionally if a "dry socket" type of
infection establishes itself in the bone. Both are extremely rare occurrences.
In the beginning we routinely used systemic antibiotics after surgery but ran into problems with sensitive patients
reacting to the antibiotics. Discontinuing the prophylactic use of antibiotics has not resulted in an increase in infection.
Intravenous Vitamin C is an effective measure against all types of infection. We have performed close to 10,000
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Vitamin C infusions over the years and found that this particular technique to be both safe and effective.
Other diagnostic techniques are MRI and CT scans. MRI scans can be hard to interpret and CT scans can be
inaccurate if metal restorations are present as the x-rays are scattered by the metals making the computer analysis
suspect. Pre Cavitat Scanner, CT scans were our diagnostic measure of choice but the potential inaccuracies plus the
amount of radiation used means we no longer use this form of scan.
Success is measured by symptom relief by the patient and new bone growth in the operation site seen by a Cavitat
Scan some 6+ months later. The re-occurrence of a cavitation infection after surgery has traditionally been around
30%, using the techniques described above, we have managed to reduce this to just over 10%.

OPG. Note dark distinct area upper left. Such a picture is unusual in these cases.

Fully opened cavitation. Only hand instruments used. No drills were needed, the bone was soft and mushy and was
spooned out
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Soft bone on top of maxilla removed

Bone exposed on flap retraction. Note the open defect in the bone some 20+ years after the extractions. The defect
was directly under the fibrous attachment.
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Area after 7 days. Note accelerating healing response typical of patients undergoing Hall V-Tox Therapy.

Root Fillings
If the nerve inside a tooth has died then the tooth may need a Root Filling.
A root filling is simply material put into a tooth where the nerve used to be. Traditionally a rubber like substance called
Gutta Percha is used. This can contain mercury. Other materials include Formaldehyde, Cadmium, Steroids or even
concentrated Sulphuric Acid.
The problem with root canals is both the toxic nature of the materials used and the fact that they do not fill fully the
open spaces inside the tooth. Each tooth contained miles, and I mean miles, of little canals branching off the main
canal. The main canal can be filled but traditional root filling materials cannot fill the tiny lateral canals. It is inside
these lateral canals that anaerobic bacteria live and multiply. They too have waste products and it is the release of
these toxic waste products, as in cavitations, that cause the problems.
Not all root fillings done conventionally are toxic. Just 90% of conventional root fillings tested at the clinic.

Diagnosis
A simple reliable test is available to show if a root filled tooth is toxic or not. This is the TOPAS test. The Topas test
can be done immediately and the result known. A more precise test involving sending a paper point soaked in the fluid
found around the neck of the tooth to Kentucky for testing. This takes longer and is more expensive.
In a TOPAS test a paper point is placed at the neck of the tooth for one minute. The point is removed and put into a
solution that changes colour according to the degree of toxicity present. The solution is placed into a Colourimeter
device made by Bioscience which accurately measures the change in colour and gives it a number. The process is
repeated with a different solution to test for bacterial proteins. The gives a precise reading of both the severity of the
toxins and the activity of the bacteria.

Treatment
If a root filling tooth is toxic it cannot be refilled. Its toxicity can be moderated using iodine and a TENS machine. How
long the teeth remain toxin free is yet unknown. Our results show a maximum length of 3 weeks in a severely toxic
tooth.
Toxic teeth are best removed using an atraumatic extraction technique and the wound treated as if it was a cavitation.
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This prevents later cavitations forming. The technique we use is a modified Ogura technique as this does not crack
the bone. It is gentle but does take a long time. The socket is treated exactly as we would treat a cavitation site, that
is with cleaning, washing with ozonated magnesium chloride, ozone gas, ozone gel etc.
Biocalex or Endcal as it has been renamed, is a root filling material that is toxin free. Not only that it expands on
setting and penetrates the tiny lateral canals pushing out the bacteria and not allowing re infection of the tooth canals.
It does require a different technique than conventional root filling as the scraping of the canal side in conventional
treatment blocks the entry to the lateral canals therby virtually ensuring failure.
It is the only material that is safe to use at present, even then it is not 100% effective every time. Biocalex or Endocal
is only faintly visible on X-rays, a fact which all patients with Biocalex/Endocal filled teeth must tell any future dentist
they consult about this or it will be assumed that the tooth is incorrectly filled. Conventional root fillings are radioopaque and show up white on x-ray film, Biocalex/Endocal does not unless Yterium is added to the mix.
The most frequently used sign of success for a root filling is when it is painless and not sensitive to pressure. This is
no guarantee that the tooth is toxic free. An x-ray taken of a "successfully" root filled tooth will often show changes at
the root tip. These are interpreted as inflammation healing. They changes are not a positive sign but in reality show
encapsulated infection.
Dead teeth behave in the same way as root filled teeth. They are darker than living teeth. A blow or extensive drilling
on a tooth is usually a good way of killing a nerve inside the tooth. A "Blue" tooth is a dead tooth. These teeth
eventually blow up into acute infections needing extraction or root filling.
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OSTEONECROSIS OF THE JAW
ORAL & MAXILLOFACIAL PATHOLOGY

Osteonecrosis of the jaw
Jacques Imbeau,

D.M.D., NZDREX

This is the original article as I have written it on the 6 October 2006. The article was selected on the Medicine Portal on 12
November 2006 as one on Wikipedia’s best articles related to Medicine as well as receiving a general good article rating on the 23
October 2006. Subsequently numerous other editors have altered the article and it was delisted from the good article rating on 9
June 2009.

Osteonecrosis of the jaw: Upper left jaw in a patient diagnosed with venous insufficiency.

Osteonecrosis of the jaws (ONj) is a severe bone disease that affects the jaws, including the maxilla and the mandible. Jaw bone
(osteo-) damage and death (-necrosis) occurs as a result of reduced local blood supply (ischaemia). The condition is thus included
in the general category of ischaemic or avascular osteonecrosis (literally "dead bone from poor blood flow.").
Various forms of ONj have been described over the last 160 years, and a number of causes have been suggested in the literature.
In recent years, an increased incidence of ONj has been associated with the use of high dosages of bisphosphonates, required by
some cancer treatment regimens, especially when the patient undergoes subsequent dental procedures. The possible risk from lower
oral doses of bisphosphonates, taken by patients to prevent or treat osteoporosis, remains uncertain.[1]
Various treatment options have been explored, however severe cases of ONj still require surgical removal of the affected
bone.[2] Careful anamnesis (patient history) and assessement of pre-existing systemic problems and possible sites of dental
infection are required to help prevent the condition, especially if bisphosphonate therapy is considered. [1]

Aetiology
Histopathological alterations
It may have either necrotic bone or bone marrow that has been slowly strangulated or nutrient-starved. Bone with chronically poor
blood flow develops either a fibrous marrow since fibres can more easily live in nutrient starved areas, a greasy, dead fatty marrow
(wet rot), a very dry, sometimes leathery marrow (dry rot), or a completely hollow marrow space (osteocavitation), also typical of
ONj. The blood flow impairment occurs following a bone infarct, a blood clot forming inside the smaller blood vessels of cancellous
bone tissue.
Under ischaemic conditions numerous pathological changes in the bone marrow and trabeculae of oral cancellous bone have been
documented. Microscopically, areas of "apparent fatty degeneration and/or necrosis, often with pooled fat from destroyed adipose
cells (oil cysts) and with marrow fibrosis (reticular fatty degeneration)" are seen. These changes are present even if "most bony
trabeculae appear at first glance viable, mature and otherwise normal, but closer inspection demonstrates focal loss of
osteocytes and variable micro cracking (splitting along natural cleavage planes). The microscopic features are similar to those of
ischaemic or aseptic osteonecrosis of long bones, corticosteroid-induced osteonecrosis, and the osteomyelitis of caisson (deep-sea

diver’s) disease".[3]
In the cancellous portion of femoral head it is not uncommon to find trabeculae with apparently intact osteocytes which seem to be
"alive" but are no longer synthetizing collagen. This appears to be consistent with the findings in alveolar cancellous bone.[4]
Osteonecrosis can affect any bone, but the hips, knees and jaws are most often involved. Pain can often be severe, especially if
teeth and/or a branch of the trigeminal nerve is involved, but many patients do not experience pain, at least in the earlier stages.
When severe facial pain is involved, the term NICO, for Neuralgia-Inducing Cavitational Osteonecrosis, is frequently used.
ONj, even in its mild or minor forms, creates a marrow environment that is conducive to bacterial growth. Since many individuals
have low-grade infections of the teeth and gums, this probably is one of the major mechanisms by which the marrow blood flow
problem can worsen; any local infection / inflammation will cause increased pressures and clotting in the area involved. No other
bones have this mechanism as a major risk factor for osteonecrosis. A wide variety of bacteria have been cultured from ONj lesions.
Typically, they are the same microorganisms as those found in periodontitis or devitalized teeth. However, according to special
staining of biopsied tissues, bacterial elements are rarely found in large numbers. So while ONj is not primarily an infection, many
cases have a secondary, very low-level of bacterial infection and chronic non-suppurative osteomyelitis can be associated with
ONj. Fungal infections in the involved bone do not seem to be a problem, but viral infections have not been studied. Some viruses,
such as the smallpox virus (no longer existent) can produce osteonecrosis.

The effects of persistent ischaemia on bone cells
Cortical bone is well vascularized by the surrounding soft tissues thus less susceptible to ischaemic damage. Cancellous bone, with
it’s mesh like structure and spaces filled with marrow tissue is more prone to damage by bone infarcts, leading to anoxia and
premature cell apoptosis.[5][6][7][8] The mean life-span of osteocytes has been estimated to be 15 years in cancellous bone,[9] and
25 years in cortical bone.[10] while the average lifespan of human osteoclasts is about 2 to 6 weeks and the average lifespan
of osteoblasts is approximately 3 months.[11] In healthy bone these cells are constantly replaced by differentiation of bone
marrow mesenchymal stem cells (MSC). [12] However in both non-traumatic osteonecrosis and alcohol-induced osteonecrosis of the
femoral head, a decrease in the differentiation ability of mesenchymal stem into bone cells has been demonstrated,[13][14] and
altered osteoblastic function plays a role in ON of the femoral head.[15] If these results are extrapolated to ONj the altered
differentiation potential of bone marrow mesenchymal stem cells (MSC) combined with the altered osteoblastic activity and
premature death of existing bone cells would explain the failed attempts at repair seen in ischaemic-damaged cancellous bone tissue
in ONj.
The rapidity with which premature cell death can occur depends on the cell type and the degree and duration of
the anoxia. haematopoietic cells , in bone marrow, are sensitive to anoxia and are the first to die after reduction or removal of the
blood supply. In anoxic conditions they usually die within 12 hours. Experimental evidence suggests that bone cells composed of
osteocytes, osteoclasts, and osteoblasts die within 12-48 hours, and marrow fat cells die within 120 hours. [16] The death of bone
does not alter its radiographic opacity nor it’s mineral density. Necrotic bone does not undergo resorption; therefore, it appears
relatively more opaque.
Attempts at repair of ischaemic-damaged bone will usual occur in 2 phases. First, when dead bone abuts live
marrow, capillaries and undifferentiated mesenchymal cells grow into the dead marrow spaces, while macrophages degrade dead
cellular and fat debris. Second, mesenchymal cells differentiate into osteoblasts or fibroblasts. Under favorable conditions, layers of
new bone form on the surface of dead spongy trabeculae. If sufficiently thickened, these layers may increase the radiopacity of the
bone; therefore, the first radiographic evidence of previous osteonecrosis may be patchy sclerosis resulting from repair. Under
unfavorable conditions repeated attempts at repair in ischaemic conditions can be seen histologically and are characterized by
extensive delamination or microcracking along cement lines as well as the formation of excessive cement lines.[17] Ultimate failure
of repair mechanisms due to persistent and repeated ischaemic events is manifested as trabecular fractures that occur in the dead
bone under functional load. Later followed by cracks and fissures leading to structural collapse of the area involved
(osteocavitation). [16]

Other contributing factors
Other factors such as toxicants can adversely impact bone cells. Infections, chronic or acute, can affect blood flow by inducing

platelet activation and aggregation, contributing to a localized state of excess coagulability (hypercoagulability) that may contribute
to clot formation (thrombosis), a known cause of bone infarct and ischaemia. Exogenous estrogens, also called hormonal disruptors,
have also been linked with an increased tendency to clot (thrombophilia) and impaired bone healing.[18]
Heavy metals such as lead and cadmium have been implicated in osteoporosis. Cadmium and lead also promotes the synthesis
of plasminogen activator inhibitor-1 (PAI-1) which is the major inhibitor of fibrinolysis ( the mechanism by which the body breaks
down clots ) and shown to be a cause of hypofibrinolysis. [19] Persistent blot clots can lead to congestive blood flow (hyperemia) in
bone marrow, impaired blood flow and ischaemia in bone tissue resulting in lack of oxygen (hypoxia), bone cell damage and
eventual cell death (apoptosis). Of significance is the fact that the average concentration of cadmium in human bones in the 20th
century has increased to about 10 times above the pre-industrial level. [20]
Ethanol both from exogenous and endogenous sources and, its more toxic metabolite, acetaldehyde, have also been implicated in
both osteoporosis and osteonecrosis. Acetaldehyde, a highly toxic metabolite of ethanol, can play a role in hypoxia and inhibit the
osteoblastogenic potential of the bone marrow.[21] Ethanol has been shown to alter the epithelial barrier through
ethanol oxidation into acetaldehyde by the colonic microflora and downstream mast cell activation. Such alterations that remain for
longer periods could result in excessive endotoxin passage into the vascular network.[22] Intracolonic acetaldehyde may also be an
important determinant of the blood acetaldehyde level and a possible hepatotoxin. [23] High serum antibody titers against
acetaldehyde-protein adducts have been found not only in alcoholics but also in patients with nonalcoholic liver disease, suggesting
a contribution of acetaldehyde derived from sources other than exogenous ethanol. [24] In a study on rats the role of intestinal
bacterial overgrowth on the production and metabolism of ethanol, rats with a jejunal self-filling diverticulum (blind-loop) were
compared to controls with a self-emptying diverticulum. Both endogenous ethanol and acetaldehyde were found in the blind-loop
contents. Intragastric administration of sucrose produced a marked increase in acetaldehyde and acetate in the portal venous blood,
with only a modest elevation of ethanol. It was concluded that the resulting high concentrations of acetaldehyde, both in the
intestinal lumen and the portal blood, may have deleterious effects on the gastrointestinal (GI) mucosa and the liver.[25] Another
experimental in-vitro study showed the potential of certain bacteria representing normal human colonic flora to produce
acetaldehyde under various atmospheric conditions that may prevail in different parts of the GI tract. This bacterial adaptation may
be an essential feature of the bacteriocolonic pathway to produce toxic and carcinogenic acetaldehyde from either endogenous or
exogenous ethanol. [26] Many species of gut bacteria, yeast and fungal organisms such as Candida albicans found in the human GI
tract and involved in gut dysbiosis, an imbalance in the microbial flora, have been shown to significantly increase blood ethanol
levels, post-mortem, in individuals who had not consumed any alcohol before death.[27][28]
The effects of chronic gut dybiosis and long term exposure to low levels of endogenous acetaldehyde on bone tissue and hepatic
function is not yet fully understood. However Cordts et al suggested in 2001 that gut dysbiosis (as indicated by stool yeast)
and hepatic detoxification challenge pathway exhaustion may lead to subclinical, systemic inflammation and chronic venous
insufficiency (CVI). CVI is a pathological condition caused either by the congenital absence of or damage to venous valves in the
superficial and communicating systems. Venous incompetence due to thrombi and formation of thrombi favoured by the Virchow
triad (venous stasis, hypercoagulability, endothelial trauma) also can cause CVI. [29]

Bisphosphonates may alter the disease process
In the past few years, thousands of cases of ONj in patients on bisphosphonate therapy have been diagnosed usually following lack
of healing after a dental extraction but also in cases of spontaneous exposure of the cortical bone tissue through the gingiva and
mucosa.[30][31]
The recent increase of such cases has been linked with a major emphasis on the therapeutic use of bisphosphonates for
osteoporosis, especially since hormone replacement therapy has been shown to increase the risk of breast cancer, clots and
cardiovascular disease in women following the 2003 findings of the U.S. Women’s Health Initiative study.[32] Two classes
of bisphosphonates are presently prescribed:
Non-nitrogen containing bisphosphonates such as etidronate (Didronel®, Procter & Gamble Pharmaceuticals)
Nitrogen containing such as alendronate (Fosamax®, Merck), pamidronate (Aredia®, Novartis), zoledronate (Zometa®,
Novartis), risedronate (Actonel®, Procter & Gamble) and ibandronate (Boniva®, Roche Laboratories).

The nitrogen containing bisphosphonates are the most potent inhibitors and no case of ONj associated with etidronate has been
reported yet. The main pharmacological action of bisphosphonates is inhibition of the osteoclast driven bone resorption. This is
achieved by shortening osteoclast lifespan via apoptosis and by inhibiting osteoclast activity and recruitment on the bone surface
(61). When a bisphosphonate binds to bone mineral, osteoclast resorb both bone and the bound bisphosphonate. During bone
formation, if any, bisphosphonate remaining on the surface of the bone is covered and remains there until future osteoclastic bone
resorption at the site. This explains why inhibition of bone resorption continues long after bisphosphonate treatment has been
discontinued. [33]
This form of therapy has been shown to prevent loss of bone mineral density (BMD) as a result of a reduction in bone turnover.
However bone health is a lot more than BMD.
In healthy bone tissue there is an homeostasis between bone resorption and bone apposition. Diseased or damaged bone is
resorbed through the osteoclasts mediated process while osteoblasts form new bone to replace it, thus maintaining healthy bone
density. A process commonly called remodelling.
However osteoporosis is essentially the result of a lack of new bone formation in combination with bone resorption in reactive
hyperemia, related to various etiological and contributing factors, and bisphosphonates do not address these factors at all.
An individual who is already having problems with osteoporosis/ osteonecrosis of the jaws due to the effects of these etiological
factors will be more susceptible to the adverse effects of bisphosphonates. In theory, by suppressing osteoclastic activity and bone
resorption, any ischaemic-damaged bone will be left in situ instead of being resorbed. The damaged bone will not be repaired either
if the factors already inhibiting osteoblastic activity are still present. Therefore the amount of osteonecrotic tissue should be
expected to increase until it reaches a level when any trauma or insult to this necrotic bone will result in extremely poor healing,
exposed necrotic bone to the oral environment, development of pain, and increased risks of microbial infection, as effectively seen
in bisphosphonates associated cases of ONj.
In a systematic review of cases of bisphosphonates associated ONj up to 2006, it was concluded that the mandible is more
commonly affected than the maxilla (2:1 ratio), and 60% of cases are preceded by a dental surgical procedure. According to Woo,
Hellstein and Kalmar, oversuppression of bone turnover is probably the primary mechanism for the development of this form of ONj,
although there may be contributing co-morbid factors (as discussed elsewhere in this article). It is recommended that all sites of
potential jaw infection should be eliminated before bisphosphonate therapy is initiated in these patients to reduce the necessity of
subsequent dentoalveolar surgery. The degree of risk for osteonecrosis in patients taking oral bisphosphonates, such
as alendronate (Fosamax®), for osteoporosis is uncertain and warrants careful monitoring.[1]

History in dental medicine
ONj is not a new disease, around 1850 various forms of "chemical osteomyelitis" resulting from environmental pollutants, such as
lead and the [white phosphorus]] used in safety matches (Phossy jaw), as well as from popular medications containing
mercury, arsenic or bismuth, were reported in the literature.[34][35][36][37][38][39][40] This disease apparently did not often occur in
individuals with good gingival health, and usually targeted the mandible first. [35]It was associated with localized or generalized deep
ache or pain, often of multiple jawbone sites. The teeth often appeared sound and suppuration was not present. Even so, the dentist
often began extracting one tooth after another in the region of pain, often with temporary relief but usually to no real effect. [36]
Today a growing body of scientific evidence indicate that this disease process, in the cancellous bone and bone marrow, is caused
by bone infarcts mediated by a range of local and systemic factors. Bone infarcts as well as damage to the deeper portion of the
cancellous bone is an insidious process. It is certainly not visible clinically and routine imaging techniques such as radiographs are
not effective for that sort of damage. "An important and often incompletely understood principle of radiography is the amount of
bone destruction that goes undetected by routine x-rays procedures; this has been demonstrated by numerous investigators.
Destruction confined to the cancellous portion of the bone cannot be detected radiographically, ad radiolucencies appear only when
there is internal or external erosion or destruction of the bone cortex." [41] In fact no radiographic findings are specific for bone
infarction / osteonecrosis. A variety of pathologies may mimic bone infarction, including stress fractures, infections, inflammations,
and metabolic and neoplastic processes. The limitations apply to all imaging modalities, including
plain radiography, radionuclide studies, CT scans, and magnetic resonance imaging (MRI). Through-transmission alveolar
ultrasound, based on quantitative ultrasound (QUS) in combination with panoramic dental radiography (orthopantomography) is

helpful in assessing changes in jawbone density.[42][43] When practitioners have an up to date understanding of the disease process
and a good anamnesis is combined with detailed clinical findings and course of events, the diagnosis, with the help of various
imaging modality, can be achieved earlier, in most patients.
In the modern dental profession, it is only recently when severe cases associated with bisphosphonates came to light, that the issue
of ONj has been brought to the attention of a majority of dentists. At present, the focus is mostly on bisphosphonates associated
cases, and is sometimes referred to colloquially as "phossy jaw", a similar, earlier occupational disease. [44][45] However, the
pharmaceutical manufacturers of bisphosphonates drugs such as Merck and Novartis have stated that ONj in patients on this class
of drug, can be related to a pre-existing condition, coagulopathy, anemia, infection, use of corticosteroids, alcoholism and other
conditions already known to be associated with ONj in absence of bisphosphonate therapy. The implication is that bisphosphonates
may not be the initiating cause of ONj and that other pre-existing or concurrent systemic and/or local dental factors are
involved. [46][47]
Since ONj has been diagnosed in many patients who did not take bisphosphonates, it is thus logical to assume that bisphosphonates
are not the only factor in ONj. While the oversuppression of bone turnover seems to play a major role in aggravating the disease
process, other factors can and do initiate the pathophysiological mechanisms responsible for ONj. In non-bisphosphonate cases of
ONj, it is mainly the cancellous portion of the bone and it’s marrow content that are involved in the disease process. The first stage
is an oedema of the bone marrow initiated by a bone infarct, which is itself modulated by numerous etiological factors, leading
to myelofibrosis as a result of hypoxia and gradual loss of mineral bone density characteristic of ischaemic osteoporosis. Further
deterioration can be triggered by additional bone infarcts leading to anoxia and a localized areas of osteonecrosis within the
osteoporotic cancellous bone. Secondary events such as dental infection, injection of local anaesthetics with vasoconstrictors, such
as epinephrine, and trauma can add further complications to the disease process and chronic non-pus forming bone
infection osteomyelitis can also be associated with ONj. [48][49][50]
However, in patients on bisphosphonates, the cortical bone is also frequently involved as well. Spontaneous exposure of necrotic
bone tissue through the oral soft tissues or following non-healing bone exposure after routine dental surgery, characteristics of this
form of ONj, may be the result of late diagnosis of a disease process that has been masked by the oversuppression of osteoclastic
activity, allowing pre-existing etiological factors to further aggravate bone damage.

Treatment
The treatment should be tailored to the individual patient according to the etiological factors involved and the severity of the
disease process. With oral osteoporosis the emphasis should be on good nutrient absorption and metabolic wastes elimination
through a healthy gastro-intestinal function, effective hepatic metabolism of toxicants such as exogenous estrogens, endogenous
acetaldehyde and heavy metals, a balanced diet, healthy lifestyle, assessment of factors related to potential coagulopathies, and
treatment of periodontal diseases and other oral and dental infections.
In cases of advanced oral ischaemic osteoporosis and/or ONj that are not bisphosphonates related, clinical evidence has shown that
surgically removing the damaged marrow, usually by curettage and decortication, will eliminate the problem (and the pain) in 74%
of patients with jaw involvement.[2] Repeat surgeries, usually smaller procedures than the first, may be required, and almost a third
of jawbone patients will need surgery in one or more other parts of the jaws because the disease so frequently present multiple
lesions, i.e. multiple sites in the same or similar bones, with normal marrow in between. In the hip, at least half of all patients will
get the disease in the opposite hip over time; this pattern occurs in the jaws as well. Recently, it has been found that some
osteonecrosis patients respond to anticoagulation therapies alone. The earlier the diagnosis the better the prognosis. Research is
ongoing on other non-surgical therapeutic modalities that could alone or in combination with surgery further improve the prognosis
and reduce the morbidity of ONj. A greater emphasis on minimizing or correcting known etiological factors is necessary while further
research is conducted on chronic ischaemic bone diseases such as oral osteoporosis and ONj.
In patients with bisphosphonates-associated ONj, the response to surgical treatment is usually poor. [51] Conservative debridement
of necrotic bone, pain control, infection management, use of antimicrobial oral rinses, and withdrawal of bisphosphonates are
preferable to aggressive surgical measures for treating this form of ONj. [52] Although an effective treatment for bisphosphonateassociated bone lesions has not yet been established, [53] and this is unlikely to occur until this form of ONj is better understood,
there as been clinical reports of some improvement after 6 months or more of complete cessation of bisphosphonate therapy.[54]
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Osteoporosis and
Osteonecrosis of the Jaws:
an underestimated problem with
multiple ramifications
Dr. JACQUES IMBEAU D.M.D., FACNEM (DENT ), NZDREX, Director Parkview Centre for Integrative Dental Medicine
ABSTRACT
In the past 12 months a growing number of cases osteonecrosis of the jaws (ONj) in patients taking bisphosphonates have
been reported worldwide in both the media and the scientific literature. ONj and its relationship with bisphosphonates,
a class of pharmaceutical drugs used in the treatment of
osteoporosis and hypercalcemia in cancer patients, are still
debated in legal and medical circles.
In this article we will review both disease processes and
the possible impact of bisphosphonates. A better understanding of the pathophysiological mechanisms involved
could improve diagnosis and treatment of chronic ischaemic
bone diseases (CIBD) such as oral osteoporosis and ONj.
Bisphosphonates are not the only etiological factor involved
in ONj, so a greater emphasis on other etiological factors
such as heavy metals, gut toxicants, GI tract and hepatic fucntion, as discussed in this article, is recommended as part of
a more comprehensive approach in the management of
CIBD such as oral osteoporosis and ONj.
KEY WORDS: Acetaldehyde, anoxia, bisphosphonates,
bone infarcts, cadmium, chronic ischaemic bone diseases
(CIBD), exogenous estrogens, metallo-estrogens, gut dybiosis, hepatotoxicity, hyperemia, hypoxia, ischaemia, metalloestrogens, osteonecrosis of the jaws (ONj), osteocavitations,
osteoporosis, periodontitis, veinous insufficiency.
INTRODUCTION
Chronic ischaemic bone diseases (CIBD) are characterized
by gradual degenerative cancellous bone tissue damage
related to altered blood flow. The degree of damage and the
ability of bone tissue to repair itself is directly related to the
severity and duration of the impaired perfusion with effects
ranging from hyperemia, transient ischaemia, persistent
ischaemia with hypoxia to complete infarction and anoxia.
Numerous factors can be involved and will be discussed as
we review the pathophysiological mechanisms involved in
osteoporosis and osteonecrosis.
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In dental medicine , oral osteoporosis and osteonecrosis of
the jaws (ONj) are CIBD that can significantly impact on oral
and systemic health and the U.S. National Institute of Health
(NIH) considers osteoporosis as a devastating disorder with
significant physiological, psychological and financial consequences. While the impact in craniofacial bones is acknowledged, there is a lack of reliable prevalence rate so the NIH
recommends that more attention should be paid to skeletal
health, especially in persons with conditions known to be
associated with secondary osteoporosis. Of significance is
the uniqueness of the maxilla and mandible. They are the
only bones with teeth in them and numerous pathological
processes related to the teeth and multiple therapeutic dental interventions may occur over a lifetime, including but not
limited to, implantation of various foreign materials and
repetitive injections of local anaesthetics with vasoconstrictors. Teeth are entirely dependant on healthy jaws both for
their function and support. Finally the association between
oral osteoporosis, systemic osteoporosis, periodontal diseases and cardiovascular diseases has been proven and
recent complications with bisphosphonates treatment of systemic osteoporosis leading to complex cases of ONj have
highlighted the pertinence of the NIH recommendation.
OSTEOPOROSIS DEFINED
Osteoporosis is a bone disease characterized by low bone
mass and structural deterioration of bone tissue, leading to
bone fragility and an increased susceptibility to fracture,
especially of the hip, spine and wrist. It is generally characterized as primary ( idiopathic ) or secondary, depending on
the presence or absence of associated medical conditions,
surgical procedures or medications known to be associated
with accelerated bone loss1. Secondary osteoporosis is sometimes a purely local phenomenon, confined to particular
bones or parts of them2.
Osteoporosis results from abnormal organic matrix
formation rather than abnormal bone calcification, as ➧
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in osteomalacia. In general, in osteoporosis, the osteoblastic
activity is less than normal, and consequently the rate of new
bone formation is depressed. Living bone becomes osteoporotic as a result of osteoclastic bone resorption secondary
to reactive hyperemia (3) such as can occur in venous outflow
problems initiated by a venous thrombotic process or venous
insufficiency.
WHAT ARE THE CAUSES OF OSTEOPOROSIS ?
Multiple factors can be involved including, but not limited
to, poor nutrient absorption to the extent that sufficient protein matrix cannot be formed, deficiency in vitamin C (which
is apparently necessary for the secretion of intercellular substances by all cells, including osteoblasts)(4) , hormonal
imbalances and exogenous oestrogens(5,6). The role of heavy
metals as exogenous oestrogens has been raised by recent
reports of the ability of certain metal ions to also bind to
oestrogen receptors and to give rise to oestrogen agonist
responses in vitro and in vivo. This has resulted in the realisation that environmental oestrogens can also be inorganic
and such xeno-oestrogens have been termed metallo-oestrogens. These metallo-oestrogens include aluminium, antimony, arsenite, barium, cadmium, chromium (Cr(II)), cobalt,
copper, lead, mercury, nickel, selenite, tin and vanadate(7) .
The effects of combinations of various metals can also be a
factor as it has been demonstrated that a particular combination could be synergistic, antagonistic, or additive,
depending on the relative doses employed. Generally, a
combination was synergistic when the most toxic metal was
present at or near its LD1 dose (dose that will kill one cell in
a 100) in the presence of the much less toxic metal; the same
combination was protective when the least toxic metal was
present at or near its LD1 dose (8). In studies on invertebrates
development, it was demonstrated that Hg is three times
more toxic than Cu, 20-30 times more than Cd, and 7001000 times more toxic than Cr(9,10). Studies on rats, sheep and
monkeys implanted with dental amalgam have demonstrated a significant mercury burden in the, kidneys, liver, gut and
jawbones of these animals (11,12,13). So, if the experimental data
is similar in humans, in theory a person with oral osteoporosis and mercury and cadmium in her jawbones, the effects of
cadmium would be potentiated by mercury if mercury levels
are close to a LD1 dose. Of course this is only an assumption and further research is needed before a definite conclusion can be reached in humans.
A strong association between cadmium, lead and osteoporosis has also been established. Low level exposure to
cadmium is associated with an increased loss of bone mineral density readily in both genders, leading to osteoporosis
and increased risk of fractures, especially in elderly and in
females (14,15). Animal studies have shown cadmium to stimulate the formation and activity of osteoclasts-mediated bone
resorption(16). Recent data demonstrate mild effects of cadmium on both kidney and bone with present environmental
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exposure levels. Women may be at greater risk than men,
because of increased gastrointestinal uptake of cadmium at
low iron stores, which is common in women of childbearing
age. The same data shows that about 90% of body lead is
localised to bone and that there is a significant release of
bone lead after the menopause, in association with the
acceleration of bone resorption. Thus, postmenopausal
women may be at increased risk of adverse effects of lead (17)
.
Cadmium and lead also promotes the synthesis of plasminogen activator inhibitor-1 (PAI-1) which is the major
inhibitor of fibrinolysis(18). Persistent blot clots can lead to
congestive hyperemia in bone marrow, impaired blood flow
and ischaemia in bone tissue resulting in hypoxia, bone cell
damage and eventual cell death. Of significance is the fact
that the average concentration of cadmium in human bones
in the 20th century has increased to about 10 times above
the pre-industrial level(19).
Other recent studies have highlighted the potential for
adverse effect on bone tissue from certain gut toxins resulting from dysbiosis of the gastro-intestinal (GI) tract, a state of
imbalance of the intestinal flora which may lead to excessive
bacterial fermentation in the gut and auto-intoxication by
microbial toxins, a particular problem in inflammatory
bowel diseases(20). Acetaldehyde, a highly toxic metabolite of
ethanol, can play a role in hypoxia and inhibit the osteoblastogenic potential of the bone marrow(21). Ethanol itself has
been shown to alter the epithelial barrier through ethanol
oxidation into acetaldehyde by the colonic microflora and
downstream mast cell activation. Such alterations that
remain for longer periods could result in excessive endotoxin passage into the vascular network(22). Intracolonic
acetaldehyde may also be an important determinant of the
blood acetaldehyde level and a possible hepatotoxin(23). High
serum antibody titers against acetaldehyde-protein compounds have been found not only in alcoholics but also in
patients with nonalcoholic liver disease, suggesting a contribution of acetaldehyde derived from sources other than
exogenous ethanol(24). In a study on rats the role of intestinal
bacterial overgrowth on the production and metabolism of
ethanol, rats with a jejunal self-filling diverticulum (blindloop) were compared to controls with a self-emptying diverticulum. Both endogenous ethanol and acetaldehyde were
found in the blind-loop contents. Intragastric administration
of sucrose produced a marked increase in acetaldehyde and
acetate in the portal venous blood, with only a modest elevation of ethanol. It was concluded that the resulting high
concentrations of acetaldehyde, both in the intestinal lumen
and the portal blood, may have deleterious effects on the
gastrointestinal mucosa and the liver(25). Another experimental in-vitro study showed the potential of certain bacteria representing normal human colonic flora to produce acetaldehyde under various atmospheric conditions that may ➧
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prevail in different parts of the GI tract. This bacterial adaptation may be an essential feature of the bacteriocolonic
pathway to produce toxic and carcinogenic acetaldehyde
from either endogenous or exogenous ethanol(26). Many
species of gut bacteria, yeast and fungal organisms such as
Candida Albicans found in the human GI tract and involved
in gut dysbiosis have been shown to significantly increase
blood ethanol levels, post-mortem, in individuals who had
not consumed any alcohol before death(27,28). The effects of
chronic gut dybiosis and long term exposure to low levels of
endogenous acetaldehyde on bone tissue and hepatic function is not yet fully understood. However Cordts et al suggested in 2001 that gut dysbiosis (as indicated by stool yeast)
and hepatic detoxification challenge pathway exhaustion
may lead to subclinical, systemic inflammation and chronic
venous insufficiency (CVI). CVI is a pathological condition
caused either by the congenital absence of or damage to
venous valves in the superficial and communicating systems.
Venous incompetence due to thrombi and formation of
thrombi favoured by the Virchow triad (venous stasis, hypercoagulability, endothelial trauma) also can cause CVI(29).
Since reactive bone marrow hyperemia has been implicated in osteoporosis and hyperemia has been associated with
a venous outflow problem, the relationship between gut dysbiosis, hepatic dysfunction and endogenous acetaldehyde
production in CIBD warrants further attention.
THE MOUTH AND BODY CONNECTION
Further investigations have demonstrated a significant association between bone mineral density (BMD) of the mandible
and the peripheral skeleton in postmenopausal women.
Some studies also have linked low BMD of the mandible and
the peripheral skeleton with alveolar bone loss of the
mandible and tooth loss.
In a review of the literature in 1997, Hildebolt concluded
that an association between osteoporosis and oral bone loss
existed while recommending additional longitudinal studies.
He suggested that inexpensive methods must be developed
for sensitive and specific measures of oral bone loss(30).
More recent studies have cited osteoporosis as a risk factor
for periodontal disease even while their association is still not
well understood(31). There is evidence that patients with systemic osteoporosis are likely to have decreased oral bone
density, which may affect treatment decisions. Further,
patients with decreased bone mineral density, indicative of
osteoporosis, may be at a higher risk for periodontitis.
Therefore, osteoporosis, could be considered a risk factor for
periodontitis(32).
Numerous researchers have also established an association
between periodontal diseases and various systemic diseases
including cardio-vascular diseases. For example DeStefano
et al. focused on the contribution of periodontitis and analyzed coronary heart disease and mortality outcomes in nearly 10,000 subjects followed for 14 years longitudinally in the
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NHANES I study. Periodontitis for this cohort study was
assessed with the periodontal index. Overall, subjects with
periodontitis had a 25% increased risk for coronary heart
disease relative to those with minimal periodontal disease.
This association occurred after adjustments for potential confounders like age, sex, race, education, marital state, systolic
blood pressure, total cholesterol levels, body mass index,
diabetes, physical activity, alcohol consumption, poverty and
cigarette smoking. For males younger than 50 years, periodontitis more strongly affected the incidence of coronary
heart disease with a relative risk of 1.72(33).
Lately, data regarding the periodontal microbial challenge
support the biological plausibility of the associations seen in
human population studies. Hertzberg et al. have reported
that two oral microbes, Streptococcus sanguis and P. gingivalis, express a collagen-like platelet aggregation-associated
protein that can stimulate thrombotic events(34,35). Genco et
al. presented preliminary data that suggest an odds ratio of
2.8 for subjects harboring P. gingivalis in periodontal pockets
and exhibiting a myocardial infarction(36). In addition,
Zambon et al. recently isolated DNA sequences specific for
periodontal pathogens like P. gingivalis and A. actinomycetemcomitans from human atheroma specimens using
polymerase chain reaction (PCR) techniques(37). Other non
periodontal infectious agents like Clamydia pneumoniae,
Heliobacter pylori, herpes simplex and cytolomegalovirus
have been previously detected in atheromatous lesions using
similar methods, and further support an infectious aetiology
for cardiovascular disease(38).
The available evidence points to adverse impact on bone
nutrition and impaired elimination of metabolic waste and
xeno-toxicants because of altered blood flow to the affected
bone areas.
In spite of the above scientific evidence, osteoporosis,
including oral osteoporosis, is underdiagnosed(39) because
diagnosis of osteoporosis is complicated by the fact that
osteoporotic cancellous bone cannot be easily detected by
routine clinical examination, even with the help of routine
blood tests or x-rays(2). Special investigations using dual x-ray
absorptiometry (DEXA) and Quantitative Ultrasounds (QUS)
are necessary(40).
OSTEOCROSIS:
Osteonecrosis is a severe bone disease that is also caused by
ischaemia. It means literally, "dead bone from poor blood
flow." It may have either necrotic bone or bone marrow that
has been slowly strangulated or nutrient-starved. Bone with
chronically poor blood flow develops either a fibrous marrow since fibres can more easily live in nutrient starved areas,
a greasy, dead fatty marrow (wet rot), a very dry, sometimes
leathery marrow (dry rot), or a completely hollow marrow
space (osteocavitation), also typical of ONj. The blood flow
mpairment occurs following a bone infarct, a blood clot
Continued on page 14
THE NEW ZEALAND CHARTER JOURNAL • SPRING 2006

Continued from page 12

forming inside the smaller blood vessels of cancellous bone
tissue.
Under ischaemic conditions numerous pathological
changes in the bone marrow and trabeculae of oral cancellous bone have been documented. Microscopically, areas of
“apparent fatty degeneration and/or necrosis, often with
pooled fat from destroyed adipose cells (oil cysts) and with
marrow fibrosis (reticular fatty degeneration)“ are seen. These
changes are present even if “most bony trabeculae appear at
first glance viable, mature and otherwise normal, but closer
inspection demonstrates focal loss of osteocytes and variable
micro cracking (splitting along natural cleavage planes). The
microscopic features are similar to those of ischaemic or
aseptic osteonecrosis of long bones, corticosteroid-induced
osteonecrosis, and the osteomyelitis of caisson (deep-sea
diver’s) disease“(41).
In the cancellous portion of femoral head it is not uncommon to find trabeculae with apparently intact osteocytes
which seem to be “alive“ but are no longer synthetizing collagen(42). This appears to be consistent with the findings in
alveolar cancellous bone.
Any bone can be affected, but the hips, knees and jaws are
most often involved. Pain can often be severe, especially if
teeth and/or a branch of the trigeminal nerve is involved, but
many patients do not experience pain, at least in the earlier
stages. When severe facial pain is involved, the term NICO,
for Neuralgia-Inducing Cavitational Osteonecrosis, is frequently used.
ONj , even in its mild or minor forms, creates a marrow
environment that is conducive to bacterial growth. Since
many individuals have low-grade infections of the teeth and
gums, this probably is one of the major mechanisms by
which the marrow blood flow problem can worsen ( any
local infection / inflammation will cause increased pressures
and clotting in the area involved ). No other bones have this
mechanism as a major risk factor for osteonecrosis. A wide
variety of bacteria have been cultured from ONj lesions.
Typically, they are the same microorganisms as those found
in periodontitis or devitalized teeth. However, according to
special staining of biopsied tissues, bacterial elements are
rarely found in large numbers. So while ONj is not primarily an infection, many cases have a secondary, very low-level
of bacterial infection and chronic non-suppurative
osteomyelitis can be associated with ONj. Fungal infections
in the involved bone do not seem to be a problem, but viral
infections have not been studied. Some viruses, such as the
smallpox virus (no longer existent) can produce osteonecrosis in at least 5% of infected persons, usually in the leg
bones(43).
THE EFFECTS OF PERSISTENT ISCHAEMIA ON BONE CELLS
Cortical bone is well vascularized by the surrounding soft tissues thus less susceptible to ischaemic damage. Cancellous
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bone, with it’s mesh like structure and spaces filled with marrow tissue is more prone to damage by bone infarcts, leading to anoxia and premature cell apoptosis(44-47). The mean
life-span of osteocytes has been estimated to be 15 years in
cancellous bone(48) and 25 years in cortical bone(49) while the
average lifespan of human osteoclasts is about 2 to 6 weeks
and the average lifespan of osteoblasts is approximately 3
months(50). In healthy bone these cells are constantly
replaced by differentiation of bone marrow mesenchymal
stem cells (MSCs)(51). However in both nontraumatic
osteonecrosis and alcohol-induced osteonecrosis of the
femoral head, a decrease in the differentiation ability of mesenchymal stem into bone cells has been demonstrated (52,53)
and altered osteoblastic function plays a role in ON of the
femoral head(54). If these results are extrapolated to ONj the
altered differentiation potential of bone marrow MSCs combined with the altered osteoblastic activity and premature
death of existing bone cells would explain the failed
attempts at repair seen in ischaemically damage cancellous
bone tissue in ONj.
The rapidity with which premature cell death can occur
depends on the cell type and the degree and duration of the
anoxia. Hematopoietic cells, in bone marrow, are sensitive
to anoxia and are the first to die after reduction or removal
of the blood supply. In anoxic conditions they usually die
within 12 hours. Experimental evidence suggests that bone
cells composed of osteocytes, osteoclasts, and osteoblasts
die within 12-48 hours, and marrow fat cells die within 120
hours(55). The death of bone does not alter its radiographic
opacity nor it’s mineral density. Necrotic bone cannot undergo resorption; therefore, it appears relatively more opaque.
Attempts at repair of ischaemically damaged bone will
usual occur in 2 phases. First, when dead bone abuts live
marrow, capillaries and undifferentiated mesenchymal cells
grow into the dead marrow spaces, while macrophages
degrade dead cellular and fat debris. Second, mesenchymal
cells differentiate into osteoblasts or fibroblasts. Under favorable conditions, layers of new bone form on the surface of
dead spongy trabeculae. If sufficiently thickened, these layers may increase the radiopacity of the bone; therefore, the
first radiographic evidence of previous osteonecrosis may be
patchy sclerosis resulting from repair. Under unfavorable
conditions repeated attempts at repair in ischaemic conditions can be seen histologically and are characterized by
extensive delamination or microcracking along cement lines
as well as the formation of excessive cement lines(56).
Ultimate failure of repair mechanisms due to persistent and
repeated ischaemic events is manifested as trabecular fractures that occur in the dead bone under functional load.
Later followed by cracks and fissures leading to structural
collapse of the area involved (55) (osteocavitation). ■
To be continued in the next issue.
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MOUTH AND BODY CONNECTION, PART II

Osteoporosis
and Osteonecrosis
of the jaws:

an underestimated problem with
multiple ramifications
By Jacques Imbeau
D.M.D., FACNEM (Dent ), NZDREX
AS mentioned in Part I, other factors such as toxicants can
adversely impact bone cells. Infections, chronic or acute, can
affect blood flow by inducing platelet activation and aggregation,
contributing to a localized state of hypercoagulability that may
contribute to thrombosis, a known cause of bone infarct and
ischaemia. Exogenous estrogens have also been linked with
thrombophilia and impaired bone healing (57). Heavy metals such
as lead and cadmium have been implicated in osteoporosis and

shown to be a cause of hypofibrinolysis. Ethanol both from
exogenous and endogenous sources and, its more toxic
metabolite, acetaldehyde, have also been implicated in both
osteoporosis and osteonecrosis.

BISPHOSPHONATES
In the past few years, thousands of cases of ONj in patients on
bisphosphonate therapy have been diagnosed usually following
lack of healing after a dental extraction but also in cases of spontaneous exposure of the cortical bone tissue through the gingiva and mucosa ( 58,59).

TABLE 1 Initiating / predisposing risk factors for ONj other than genetically inherited hypercoagulability.
PHYSICAL TRAUMA
MICROBIAL TRAUMA
TOXIC TRAUMA
Extractions
Periodontal disease
Cadmium, lead
Trauma from drilling
Cyst - granuloma
Root canal toxins
Oral surgery
Abscesses
Anaesthetic by-products
Endodontic therapy
Root canal bacteria/fungi
Vasoconstrictors (epinephrin)
Bruxism
Residual infections
Chemical toxins
Galvanism
Infected impacted teeth
Bacterial/fungal toxins
Radiation therapy
Infected implants
Metallic toxins
Accidents
Infected tooth buds
Thimerosal from vaccines
Deep sea diving
Infected dental alveola
Cigarette smoking
Improperly cleaned alveola
Chemotherapy
Alcoholism ( ethanol )
Bisphosphonates drugs
NB: Individual factors may not be enough to initiate cancellous bone damage but a combination of many of the above factors is likely, especially if hypercoagulability is involved. The severity of the damage will vary according to individual susceptibility and the intensity of the above factors.
TABLE 2 – Syndrome, diseases & conditions associated with osteonecrosis
Chronic fatigue syndrome
Irritable bowel syndrome
Myofascial dysfunction syndrome
TMJ syndrome
Micromercurialism
Fibromyalgia
Trigeminal neuralgia
Atypical facial neuralgia / Idiopathic facial neuralgia.
Migraine headaches
Lupus erythematosus
Hypercorticolism
Hypercoagulation disorders – systemic and/or local (thrombophilia, hypofibrinolysisetc...)
Intra-osseous inflammation ( related to microbial infections, trauma or autoimmunity)
Oestrogen replacement therapy ( HRT ) and xeno-oestrogens
Cardiovascular diseases and homocysteinemia
Hyperlipidemia & embolic fat
Hypertension
Arthritis
Chronic osteomyelitis
Osteoporosis
Arteriosclerosis
Cirrhosis, pancreatis, fatty liver
Sickle cell anemia
Cancers ( Cancer induced hypercoagulation, lymphoma, carcinoma, radiotherapy induced osteonecrosis )
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The recent increase of such cases has been linked with a
major emphasis on the therapeutic use of bisphosphonates for
osteoporosis, especially since hormone replacement therapy
(HRT) has been shown to increase the risk of breast cancer,
clots and cardiovascular disease in women following the 2003
findings of the U.S. Women’s Health Initiative study(6). Two
classes of bisphosphonates are presently prescribed:
• Non nitrogen containing bisphosphonates such as Etidronate
( Didronel )
• Nitrogen containing such as Alendronate (Fosamax),
Pamidronate (Aredia), Zoledronate (Zometa), Risedronate
(Actonel) and Ibandronate (Boniva).
The nitrogen containing bisphosphonates are the most potent
inhibitors and no case of ONj associated with Etidronate has
been reported yet.
The main pharmacological action of bisphosphonates is inhibition of the osteoclast driven bone resorption. This is achieved
by shortening osteoclast lifespan by killing them and by inhibiting osteoclast activity and recruitment on the bone surface.(60)
When a bisphosphonate binds to bone mineral, osteoclast
resorb both bone and the bound bisphosphonate. During bone
formation, if any, bisphosphonate remaining on the surface of
the bone is covered and remains there until future osteoclastic
bone resorption at the site. This explains why inhibition of bone
resorption continues long after bisphosphonate treatment has
been discontinued (61).
This form of therapy has been shown to prevent loss of BMD
as a result of a reduction in bone turnover. However bone health
is a lot more than BMD.
In healthy bone tissue there is an homeostasis between bone
resorption and bone apposition. Diseased or damaged bone is
resorbed through the osteoclasts mediated process while
osteoblasts form new bone to replace it, thus maintaining
healthy bone density. A process commonly called remodelling.
However osteoporosis is essentially the result of a lack of
new bone formation in combination with bone resorption in
reactive hyperemia , related to the etiological factors mentioned
earlier, and bisphosphonates do not address these etiological
factors at all.
An individual who is already having problems with osteoporosis/ osteonecrosis of the jaws due to the effects of these etiological factors will be more susceptible to the adverse effects of
bisphosphonates. In theory, by suppressing osteoclastic activity
and bone resorption, any ischaemically damaged bone will be
left in situ instead of being resorbed. The damaged bone will not
be repaired either if the factors already inhibiting osteoblastic
activity are still present. Therefore the amount of osteonecrotic
tissue should be expected to increase until it reaches a level
when any trauma or insult to this necrotic bone will result in
extremely poor healing , exposed necrotic bone to the oral environment, development of pain, and increased risks of microbial
infection, as effectively seen in bisphosphonates associated
cases of ONj.
In a systematic review of cases of bisphosphonates associated ONj up to 2006, it was concluded that the mandible is more
commonly affected than the maxilla (2:1 ratio), and 60% of
cases are preceded by a dental surgical procedure. According to
Woo, Hellstein and Kalmar, oversuppression of bone turnover is
probably the primary mechanism for the development of this
form of ONj, although there may be contributing co-morbid factors ( as discussed elsewhere in this article ). It is recommended that all sites of potential jaw infection should be eliminated
before bisphosphonate therapy is initiated in these patients to
reduce the necessity of subsequent dentoalveolar surgery. The
degree of risk for osteonecrosis in patients taking oral bisphosphonates, such as alendronate ( Fosamax – Merck ), for osteoThe New Zealand Charter Journal • Summer 2007

porosis is uncertain and warrants careful monitoring.(62)

IS OSTEONECROSIS OF THE JAWS A CONTROVERSIAL ISSUE IN DENTISTRY?
Yes. In our opinion, the controversy is more the result of a lack
of understanding of the disease than the lack of prevalence. ONj
is not a new disease, around 1850 various forms of "chemical
osteomyelitis" resulting from environmental pollutants, such as
lead and the white phosphorus used in safety matches, as well
as from popular medications containing mercury, arsenic or bismuth, were reported in the literature.(63-69) This disease apparently did not often occur in individuals with good gingival health,
and usually targeted the mandible first.(64) It was associated with
localized or generalized deep ache or pain, often of multiple jawbone sites. The teeth often appeared sound and suppuration
was not present. Even so, the dentist often began extracting
one tooth after another in the region of pain, often with temporary relief but usually to no real effect.(65)
Today a growing body of scientific evidence indicates that this
disease process, in the cancellous bone and bone marrow, is
caused by bone infarcts mediated by a range of local and systemic factors. And bone infarcts as well as damage to the deeper portion of the cancellous bone is an insidious process. It is
certainly not visible clinically and routine imaging techniques
such as radiographs are not effective for that sort of damage.
“An important and often incompletely understood principle of
radiography is the amount of bone destruction that goes undetected by routine x-rays procedures. This has been demonstrated by numerous investigators... Destruction confined to the cancellous portion of the bone cannot be detected radiographically.
Radiolucencies appear only when there is internal or external
erosion or destruction of the bone cortex.“(70) In fact no radiographic findings are specific for bone infarction / osteonecrosis.
A variety of pathologies may mimic bone infarction, including
stress fractures, infections, inflammations, and metabolic and
neoplastic processes. The limitations apply to all imaging modalities, including plain radiography, radionuclide studies, CT, and
MRI. Through-transmission alveolar ultrasound (Cavitat CAV
4000 – Cavitat Medical Technologies, Emory, Texas ) based on
the principles of quantitative ultrasound ( QUS ) in combination
with dental panoramic radiography is more helpful in assessing
changes in jawbone density.(71,72) When health practitioners have
an up to date understanding of the disease process and a good
anamnesis is combined with detailed clinical findings and
course of events, the diagnosis, with the help of various imaging modality, can be achieved earlier, in most patients.
In the modern dental profession, it is only recently when
severe cases associated with bisphosphonates came to light,
that the issue of ONj has been brought to the attention of a
majority of dentists. At present, the focus is mostly on bisphosphonates associated cases. However, the pharmaceutical manufacturers of bisphosphonates drugs such as Merck and
Novartis have stated that ONj in patients on this class of drug,
can be related to a pre-existing condition, coagulopathy, anemia,
infection, use of corticosteroids, alcoholism and other conditions already known to be associated with ONj in absence of
bisphosphonate therapy. The implication is that bisphosphonates may not be the initiating cause of ONj and that other preexisting or concurrent systemic and/or local dental factors are
involved.(73,74)
Since ONj has been diagnosed in many patients who did not
take bisphosphonates, it is thus logical to assume that bisphosphonates are not the only factor in ONj. While the oversuppression of bone turnover seems to play a major role in aggravating
the disease process, other factors can and do initiate the pathophysiological mechanisms responsible for ONj. In non-➲
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bisphosphonate cases of ONj, it is mainly the cancellous portion of
the bone and it’s marrow content that are involved in the disease
process. The first stage is an oedema of the bone marrow initiated by a bone infarct, which is itself modulated by numerous etiological factors, leading to fibrous degeneration of the bone marrow
as a result of hypoxia and gradual loss of mineral bone density
characteristic of ischaemic osteoporosis. Further deterioration can
be triggered by additional bone infarcts leading to anoxia and a
localized areas of osteonecrosis within the osteoporotic cancellous bone. Secondary events such as dental infection, injection of
local anaesthetics with vasoconstrictors such as epinephrine and
trauma can add further complications to the disease process and
chronic non-suppurative osteomyelitis can also be associated with
ONj.(75-87)
However, in patients on bisphosphonates, the cortical bone is
also frequently involved as well. Spontaneous exposure of necrotic bone tissue through the oral soft tissues or following non-healing bone exposure after routine dental surgery, characteristics of
this form of ONj , may be the result of late diagnosis of a disease
process that has been masked by the oversuppression of osteoclastic activity, allowing pre-existing etiological factors to further
aggravate bone damage.

RECOMMENDED TREATMENTS:
The treatment should be tailored to the individual patient according to the etiological factors involved and the severity of the disease process. With oral osteoporosis the emphasis should be on
good nutrient absorption and metabolic wastes elimination
through a healthy gastro-intestinal function, effective hepatic
metabolism of toxicants such as exogenous oestrogens, endogenous acetaldehyde and heavy metals, a balanced diet, healthy
lifestyle, assessment of factors related to potential coagulopathies, and treatment of periodontal diseases and other oral and
dental infections. If patients are on bisphosphonates, the need for
this form of therapy should be re-assessed in light of the most
recent research.
In cases of advanced oral ischaemic osteoporosis and/or ONj
that are not bisphosphonates related, clinical evidence has shown
that surgically removing the damaged marrow, usually by curettage and decortication, will eliminate the problem (and the pain) in
74% of patients with jaw involvement.(88) Repeat surgeries, usual-
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The photographs are of the left posterior
area of the maxilla of a post-menopausal
woman diagnosed with systemic osteoporosis who has received IV bisphosphonates. The site corresponds to the location
of the upper left third molar and maxillary
tuberosity. The patient made no mention
of her IV-bisphosphonate injections on her
medical questionnaire. She was unaware
of the risk of ONj when treated with IV bisphosphonates.
Photo # 1: Appearance of soft tissue in
the left maxillary tuberosity area – normal
clinical appearance with no visible sign of
inflammation.
Photo # 2: Appearance of bone cortex
upon soft tissue flap exposure – note the
eroded cortical shell. This is prior to any
probing or exploration.
Photo # 3: The cortical shell is probed
here using a standard periodontal probe.
The probe easily penetrated the eroded
cortex and there was no resistance to
deeper probing in the area of the bone normally occupied by cancellous bone tissue.
Photo # 4: A larger window has been prepared in the cortex to expose the
medullary area. Note the large osteocavitation filled with some tissue debris at the
bottom and the paper thin cortical bone at
the margin of the access window. The
osteocavitational defect is devoid of any
trabecular structure, which has already collapsed, leaving a thinning, partially eroded
cortical shell.
Photo # 5: The tissue debris removed
from the medullary defect. Essentially fragments of necrotic bone trabeculae and
necrotic bone marrow, typical of
osteonecrosis.
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ly smaller procedures than the first, may be required, and
almost a third of jawbone patients will need surgery in one or
more other parts of the jaws because the disease so frequently present multiple lesions, i.e. multiple sites in the same or
similar bones, with normal marrow in between. In the hip, at
least half of all patients will get the disease in the opposite hip
over time; this pattern occurs in the jaws as well. Recently, it
has been found that some osteonecrosis patients respond to
anticoagulation therapies alone. The earlier the diagnosis the
better the prognosis. Research is ongoing on other non-surgical therapeutic modalities that could alone or in combination
with surgery further improve the prognosis and reduce the
morbidity of ONj. A greater emphasis on minimizing or correcting known etiological factors is necessary while further
research is conducted on CIBD such as oral osteoporosis and
ONj.
In patients with bisphosphonates-associated ONj, the
response to surgical treatment is usually poor.(89) Conservative
debridement of necrotic bone, pain control, infection management, use of antimicrobial oral rinses, and withdrawal of bisphosphonates are preferable to aggressive surgical measures
for treating this form of ONj.(90) Although an effective treatment
for bisphosphonate-associated bone lesions has not yet been
established,(91) and this is unlikely to occur until this form of ONj
is better understood, there as been clinical reports of some
improvement after 6 months or more of complete cessation of
bisphosphonate therapy.(92)

PREVENTION:
An ounce of prevention is worth a pound of cure. This is particularly true in CIBDs which are by nature hidden into the deepest and least easily visible part of our body, the trabecular bone
tissue.
• Prevention of CIBD involves the elimination or appropriate
modification of factors that can initiate, predispose or
increase the likelihood of CIBD occurring.
• Implementing of good oral hygiene programs to avoid dental
caries and gum disease in order to avoid infection and potential trauma.
• The use of biocompatible, non-metallic, dental materials.
Manufacturers should provide written results of biocompatibility testing according to ANSI / ISO standards. Avoidance of
vasoconstrictors such as epinephrine in patients at risk. In
routine dental surgery for exodontia, complete removal of
infected periradicular tissue should be emphasized.
• If decay is present, early diagnosis and interception is indicated.
• Inclusion of chronic radicular infection in the assessment of
treatment outcome in endodontic therapy, in addition to
symptomatology and radiographic criterion. Full informed
consent on the potential implications of chronic dental infections .
• The use of minimally invasive techniques whenever possible
(minimally invasive dental medicine).
• Dietary and lifestyle choices such as organic foods, reduction
of refined and processed foods such as sucrose and
bleached flour which are a known cause of dental diseases.
Avoidance of source of heavy metals such as cadmium, lead
and mercury. Superphosphate fertilizers and tobacco are a
known source of cadmium exposure in humans,(93,94,95) dental
amalgams are the main source of mercury exposure for the
non-industrially exposed population.(96) Some brands of dental
amalgams have also been shown to be a source of other
toxic metals such as cadmium, indium, lead and in some
case antimony. These metals, released from amalgam particles in the GI tract, were found in the liver, kidneys, lungs and
blood or research animals.(97,98,99)
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• Emphasis on healthy gastro-intestinal and hepatic function,
especially in patients with multiple metallic restorations such
as amalgam or/and chronic infections such as gum disease
or devitalized teeth. An important reminder is that patients
cannot efficiently detoxify if the two major organs of detoxification and elimination are dysfunctional.

CONCLUSION:
There is still much to be learned about osteoporosis /
osteonecrosis of the jaws. Health professionals have a duty of
care to their patients in the prevention and early diagnosis of
jaw osteoporosis and/ or earlier stages of ONj. The quality of
the prognosis is inversely related to the severity of the disease
process. Greater awareness allows early diagnosis and early
treatments, especially non surgical modalities to reduce coagulopathy, improve bone nutrition and reduce bone heavy metals
content. Etiological factors have to be considered carefully in
determining the best course of action in the diagnosis and
treatment of ONj. In patients with CIBD, more attention should
be paid to GI tract health and hepatic function. The key role of
the gut in nutrients absorption and toxins elimination in combination with the liver cannot be overemphasized, especially in
ONj.
Dentists, physicians, and natural health practitioners need to
collaborate in an integrative manner in the treatment and management of jaw osteoporosis / osteonecrosis since such CIBD
have both dental and systemic components that can have
severe consequences on health as well as dental treatment
decisions.
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ABSTRACT: Through-transmission alveolar ultrasonography (TAU) is a novel imaging modality in
dental medicine. A brief introduction to through-transmission ultrasonography (TTU) is followed by a
description of the first commercially available TAU device, the Cavitat CAV 4000 (Cavitat Medical
Technologies, Inc., Alba, TX). Recent associations between systemic osteoporosis, oral osteoporosis,
periodontal diseases, and cardiovascular diseases underline the importance of early detection and treatment of oral cancellous bone pathologies associated with low bone density (LBD), such as regional
ischemic osteoporosis, chronic nonsuppurative osteomyelitis, bone marrow edema, and cavitational
ischemic osteonecrosis (osteocavitation). While the impact of osteoporosis on maxillofacial bones is
acknowledged, there is a lack of reliable prevalence rate, and the National Institutes of Health (NIH) recommend that more attention should be paid to skeletal health, especially in persons with conditions
known to be associated with secondary osteoporosis. TAU, a safe and effective imaging modality, can
be a valuable tool in research as well as for the clinical assessment of alveolar cancellous bone pathologies associated with LBD and ischemia.
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ltrasound imaging technology, a safe and minimally invasive procedure, has been in use in
medicine since the 1940s. This well proven
modality is used to examine many parts of the body. Most
commonly, pulse-echo ultrasound is used during the first,
second, or third trimester of pregnancy. The American
Institute of Ultrasound in Medicine indicates that the prudent use of diagnostic ultrasound for medical indications
offers benefits that outweigh any risks that may be present, even in obstetrics. In spite of this, its use in dental
medicine has been limited and mainly restricted to soft
tissue applications such as parotid gland pathologies.1
More recent research has focused on potential applications of ultrasound for caries detection,2,3 imaging of the
TMJ,4-6 gingival thickness assessment in periodontology,7 mandibular fracture evaluation,8 and imaging of
the cancellous portion of the maxillary and mandibular bones. Some investigators have been able to assess,
to a certain degree, osteolytic lesions of the mandible,
and even periapical infections, with pulse echo-sonography.9,10
In pulse-echo ultrasonography, the imaging capability
is entirely dependent on reflected sound. The ultrasound
wave pulsed by the transducer is reflected back to the

Dr. Jacques Imbeau received his D.M.D.
in 1980 from the Faculty of Dental
Medicine at the University of Montreal.
From 1980 to 1982, he was a clinical
instructor on the Faculty of Dental
Medicine at the same university and until
1988 was with a group practice, Grenet
Dental Clinic in Cartierville, Montreal. In
1988 he started his own private practice
until 1994, when he became Director of
Dental Services at the Bay of Plenty
Environmental Health Clinic in New
Zealand. He is a fellow of the
Australasian College for Nutritional and
Evironment Medicine in Auckland, New
Zealand.

100

IMBEAU

source, which also works as a receiver. The ultrasound
wave characteristics are analyzed and converted into an
image displayed on a monitor. Since a bone\soft tissue
interface is highly reflective, a high fraction of the ultrasound is reflected, converted into heat by absorption or
scattered by bone. This causes what is called an acoustic
shadow, as structures in or behind the bone surface
cannot be imaged by using conventional pulse-echo, Bmode grey-scale imaging.
Thus pulse-echo ultrasound, as used in other medical
fields, has been of little diagnostic value for imaging the
medullary portion of bones, hence itÕs limited use in
dental medicine where imaging of calcified tissues is of
primary importance.
Through-transmission ultrasonography (TTU), however, does not rely on reflected sound waves for imaging.
In TTU, the system will only measure the acoustic wave
going through a given medium instead of the echo being
reflected back at the transducer.
The reflective method, also known as pulse-echo ultrasonography, has been the modality of choice in medical
imaging since the 1940s. However, the past decade has
seen a resurgence of TTU with the development and commercial introduction of a number of through-transmission
systems.
Through-transmission ultrasonographic imaging of the
cancellous portion of the alveolar bone as an aid to
assessing alveolar cancellous bone density and quality is
the focus of this article.

USING TAU IN DENTAL MEDICINE

Figure 1
Schematic representation
of C-Mode.

Tissue Types
The characteristics of ultrasound are closely related to
the media which can be broadly divided into gas, liquid
and solid. Tissues, because of their high liquid content,

Display Modes
There are various types of displays for ultrasound
imaging. Presently the only TTU device commercially
available for imaging the alveolar bone is the Cavitat
Ultrasonograph CAV 4000 (Cavitat Medical Technologies, Inc., Alba, TX) which uses a modified C-Mode
display and is defined as through-transmission alveolar
ultrasonography (TAU).
Unlike the B-Mode, which is a 2D display of a tissue
section along the propagation axis of the beam, C-Mode
is a plane view of a slice of the specimen perpendicular to
the ultrasound beam axis (Figure 1). C-Mode can be used
in pulse-echo or through-transmission. In the throughtransmission mode, the image contrast is derived primarily from differences in attenuation and/or time of flight of
the ultrasound wave as it passes through the entire specimen.11 Until recently it was used mainly in non-destructive type testing in industry.
The Cavitat CAV 4000 uses a 2D color display (Figure
2) that is extrapolated as a 3D view (Figure 3) that can be
rotated or magnified by the operator.
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Figure 2 (above) 2D T Scan.
Figure 3 (below) 3D T Scan.
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can be considered liquids. Because biological tissues are
heterogenous, the propagation of ultrasound varies
according to tissue type (Table 1).
Of particular interest in TAU is fat, cortical and cancellous bone. Cortical bone is the thick external layer of
the alveolar ridge encapsulating the cancellous part. Of
the two, cancellous bone is the more complex tissue.
From an acoustical point of view, it is far from an Òideal
medium,Ó since it consists of an anisotropic, heterogenous open-celled framework of mineralized tissue saturated in marrow fluid. Normal cancellous bone, including
jawbone, consists of moist, relatively dense, relatively
uniform and highly connected trabeculae.12-15
The specific region of interest in TAU is the alveolar
process which is integrated into the maxillary and
mandibular body. It is defined as the part of the maxilla
and the mandible that forms and supports the sockets of
the teeth. Anatomically, no distinct boundaries exist
between the body of the maxilla or the mandible and their
respective alveolar processes. The marrow spaces in the
cancellous bone of the alveolar process may contain
hematopoietic marrow, but they usually contain fatty
marrow.16
As complex as healthy cancellous bone can be, it is
even more complex in a pathological state. The level of
complexity depends on the pathological nature of the
changes in the cancellous bone. These changes can affect
both the calcified structure and the soft tissue marrow.
Osteoporosis
Osteoporosis is a disease characterized by low bone
mass and structural deterioration of bone tissue, leading
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to bone fragility and an increased susceptibility to fractures, especially of the hip, spine, and wrist. It is generally categorized as primary (idiopathic) or secondary,
depending on the absence or presence of associated medical conditions, surgical procedures or medications
known to be associated with accelerated bone loss. 17
Secondary osteoporosis is sometimes a purely local phenomenon, confined to particular bones or parts of them.18
Osteoporosis is a different disease from osteomalacia.
It results from abnormal organic matrix formation rather
than abnormal bone calcification. In general, in osteoporosis, the osteoblastic activity is less than normal, and
consequently the rate of bone deposition is depressed.
Multiple factors can be involved, including but not limited to, lack of use of bones, malnutrition to the extent
that sufficient protein matrix cannot be formed, deficiency in vitamin C (which is apparently necessary for
the secretion of intercellular substances by all cells
including osteoblasts), postmenopausal lack of estrogen
secretion (estrogens have an osteoblastic stimulating
activity). 19 The increase in venous thromboembolism
related to HRT must also be evaluated when estrogen
replacement is considered in osteoporosis. 20 A recent
study concluded that estrogen plus progestin increases
the risk of ischemic stroke in generally healthy postmenopausal women. Excess risk for all strokes attributed
to estrogen plus progestin appeared to be present in all
subgroups of women examined.21 Ischemia can also have
deleterious effects on bone mineralization.22,23
The diagnosis of osteoporosis is complicated by the fact
that osteoporotic bone loss cannot be detected by ordi-

Table 1
Typical Ultrasound Velocity, Characteristic Acoustic Impedance and Attenuation in Different Biological
Tissues for Temperatures Between 20C and 37C. These Values Based on Published Data by
Wells39 and Njeh83 Are Only Indicative Due to Biological Variability
Tissue
Water
Air
Blood
Cancellous bone
Cortical bone
Fat
Liver
Muscle
Skin
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Ultrasound propagation
velocity
V (m/s)
1480 (20° C)
340 (20° C)
1566
1450-1800
3000-4000
1450
1560
1550-1660
1600
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Characteristic acoustic
impedance
Z (106 kg m-2s-1)
1.48
0.00044
1.66
4.0 - 8.0
1.38
1.65
1.65 - 1.74
1.6

Slope of attenuation
coefficient
(dB cm-1 MHz-1)
0.002
1.2
0.2
10 - 40
5
0.6 - 0.8
0.6 - 0.9
0.5 - 3.5
2.4
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nary clinical examination, even with the help of routine
blood tests or x-rays.24 Thus, special investigations using
the most modern methods are necessary. TAU is such a
method.
Velocity of Sound and Cancellous Bone
Velocity of sound in cancellous bone has a definite
linear correlation with density.25,26 Velocity is a good
indicator of bone density loss caused by such factors as
thinning of the trabecular network, found in primary
osteoporosis, and loss of trabecular structure, found in
more severe forms of osteoporosis such as ischemic
osteoporosis and osteonecrosis.27-29
Attenuation of Sound and Cancellous Bone
Attenuation of sound in cancellous bone does not have
a linear relationship with density.30 The strongest correlation between attenuation and density exists at lower density and only over a limited density range. 31 In the
published literature, explanations for this nonlinear
behavior center around the role of scattering and absorption.25,31,32 Since the data has been almost exclusively
qualitative, there is a need to develop a more detailed
understanding of attenuation in cancellous bone, because
factors other than bone density are involved.
Bone Marrow and Ultrasound Transmission
A number of studies have looked at the influence of
bone marrow on ultrasound. Alves, 33 who measured
bovine cancellous bone at one MHz, found an increase in
velocity of 2.9% when bone marrow was replaced by
water, but a decrease of 8.8% in specific attenuation
under the same conditions. In human cancellous bone,
Nicholson34 found that marrow decreased velocity and
increased attenuation compared to water saturated bone.
Of particular interest is the fact that bone marrow seems
to have a proportionally greater effect on attenuation than
velocity.
Cancellous Bone—The Role of Ischemia in Osteoporosis
and TAU
Osteoporotic trabecular bone is characterized by relative dehydration, trabecular thinning, trabecular disruption (loss of connectivity, loss of continuity), and
irregularity in the calcified structure.35
Under ischemic conditions, numerous pathological
changes in the bone marrow and trabeculae of oral cancellous bone have been documented. Microscopically,
areas of Òapparent fatty degeneration and/or necrosis,
often with pooled fat from destroyed adipose cells (oil
cysts) and with marrow fibrosis (reticular fatty degeneration)Ó are seen. These changes are present even if Òmost
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bony trabeculae appear at first glance viable, mature, and
otherwise normal, but closer inspection demonstrates
focal loss of osteocytes and variable micro cracking
(splitting along natural cleavage planes).Ó ÒThe microscopic features are similar to those of ischemic or aseptic
osteonecrosis of long bones, corticosteroid-induced
osteonecrosis, and the osteomyelitis of caisson (deep-sea
diverÕs) disease.Ó36
In the cancellous portion of the femoral head, it is not
uncommon to find trabeculae with apparently intact
osteocytes which seem to be ÒaliveÓ but are no longer
synthesizing collagen.37 This appears to be consistent
with the findings in alveolar cancellous bone.
Collagen in trabecular bone, or lack thereof, has also
been shown to have a greater effect on attenuation than
velocity. Hoffmeister, et al., reported in decollagenized
cancellous bone specimens, an increase in attenuation of
between 35 and 77% compared to a decrease in velocity
of 10 to 12%. In demineralized specimens the increase in
attenuation was between 44 and 58% and the decrease in
velocity of 19-39%.38
In theory, the formation of areas of pooled fat (oil
cysts) in diseased bone marrow should have a relevant
influence on acoustic behavior. The available data seems
to point in that direction. Fat itself is significantly more
attenuating than water while velocity is only slightly less
in fat than water (Table 1). Thus a higher concentration
of fat in a specific area of medullary bone should have a
greater effect on attenuation than velocity.
Since ischemically damaged cancellous bone will
exhibit significant degenerative marrow changes before
any easily detectable structural changes in the trabecular
structure, the effects of such changes on ultrasound transmission need to be further studied.
Another factor is specular reflectance due to the smooth
surfaces of steatocytes and oil cysts which will further
attenuate acoustic energy. While velocity is a good indicator of cancellous bone mineral density, as discussed
earlier, could attenuation be a better indicator of qualitative changes such as degenerative marrow changes in
the absence of any significant structural alteration of
oral cancellous bone? A hypothesis that remains to be
proven.
Njeh, et al., 26 raised this very issue of the distinct
abnormality of ultrasound wave propagation in low density cancellous bone stating that further studies were
clearly needed to find an explanation. One possible
explanation that we propose is that while low density
bone can be simply the result of thinning of the trabecular
structure with a healthy bone marrow content, it can also
be the result of a more severe pathological process in
which loss of bone density occurs only in the later stages
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of the disease and is preceded by a pathological degeneration of the bone marrow content as a result of ischemia37-39 and/or other known or unidentified oral and/or
systemic factors.
Through-Transmission Ultrasonography (TTU)
Devices
As mentioned previously, a number of TTU devices,
called Quantitative Ultrasound System (QUS), are now
commercially available. All the QUS devices are designed
as bone densitometer including through-transmission
alveolar ultrasonography (TAU).
These systems have been developed mainly for use in
medicine as an alternative to ionizing radiation for assessing bone mineral density (BMD). Loss of bone density, or
osteoporosis, a significant medical problem in the human
population, is usually diagnosed based on information
obtained with x-ray based devices such as quantitative
computed tomography (QCT) and single or dual energy
x-ray absorptiometry (SXA-DXA), which is relatively
expensive and bulky medical imaging devices that have
the disadvantage of using ionizing radiation.
In most dental offices, bone density and quality is
assessed using intraoral radiography and/or orthopantomography, which are excellent imaging tools when cortical damage is involved, but have been shown to have
significant limitations when cancellous bone is concerned.40- 45 Although recent advances in digital radiography have enhanced radiographic imaging, the limitations
regarding cancellous bone imaging24 as well as the dangers of ionizing radiations are still an issue. Thus, additional imaging modalities are required to assist dental
clinicians in their effort to measure oral BMD, changes in
trabecular bone density/quality and to detect oral osteoporosis, especially since an association between reduced
BMD and periodontal status has now been established
and there is evidence that patients with systemic osteoporosis are likely to have decreased oral bone density
as well.46,47
TAU and the Cavitat Ultrasonograph CAV 4000
The TAU device, the Cavitat Ultrasonograph CAV
4000, was developed by engineers at Cavitat Medical
Technologies. It became commercially available in
February 2002 and uses ultrasound attenuation (UA),
time of flight (TOF), and a third proprietary method
of signal analysis to assess medullary bone quality and
density.
The device is based on a frequency of 2.5 MHz. The
inventors have found this frequency to be optimal for
penetration through alveolar bone. The acoustic wave is
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pulsed at a rate of 27,000 per ms via a proprietary flat
piezoceramic transducer with an acoustic intensity of
0.4mW/cm2. These parameters are significantly different
from other commercially available devices. For example,
reflective devices will use a repetition rate of between
1000 to 5000 times per second and most manufacturers of
QUS devices use a lower range of ultrasound frequencies,
ranging from 0.25 to 1.25 MHz.
The display includes a simulated oscilloscope showing
the percentage of maximum amplitude of the acoustic
wave in itÕs y axis and time in ms on itÕs x axis. The
operator can observe the rate of attenuation of the wave in
real time.
Attenuation is measured as the signal strength of the
acoustic wave against the intraoral sensor array which is
made up of 64 individual transducers bonded to a square
piezoelectric membrane. The transducers convert the
energy of the acoustic signal into a microelectrical signal
analyzed by an AMD central processor and proprietary
software to display a 2D and 3D color image. Information
from each transducer of the sensor array is displayed as a
square in the 2D view and as a vertical column in the 3D
view. Each exposure represents the average of at least
eight separate acoustic pulses against each of the 64
transducers of the array. The total image is made up of 64
squares/columns. The image is color coded to display 256
levels, or units, of attenuation and the height of each
column is linked to the level of attenuation. Normal bone
is imaged as dark green and increasingly attenuated bone
is represented by light green, yellow/green, yellow (moderate loss), orange, orange/red, and red (most severe
attenuation). Accordingly, maximum column height is
associated with dark green (256 units) and minimum
column height with dark red (six units).
The colors displayed are nonlinear and a color palette
is always visible on the screen for immediate reference
while reading the image (Figure 4).
According to the manufacturer, it is the lack of connectivity and thickness of trabeculae that determine
signal strength (attenuation) and therefore, the height of
the three-dimensional column display.
The patent on which the Cavitat CAV 4000 is based
and the FDA 150K market approval indicate attenuation
as the mechanism of action. In addition, the manufacturer
explains that TOF is used to localize intra-medullary
areas of LBD (personal communication with Cavitat
Medical Technologies, 8/25/03). TOF is displayed on the
x axis of the oscilloscope. Thus, TOF is the measure of
the time taken, in microseconds, by the acoustic wave to
travel through tissues, from the extra-oral transducer to
the intraoral sensor array:
TOF = d/Vu
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Figure 4
Nonlinear color palette.

Where d is the distance between the transducer and
sensor and Vu is the velocity of ultrasound per square
millimeter.
The Cavitat Ultrasonograph CAV 4000 is a pulsetransmission ultrasonic imaging device specifically
designed for imaging the cancellous bone inside the
alveolar ridges of the maxillary and mandibular bones
(Figure 5).
Scanning Technique
A food-grade coupling gel (aloe vera) is applied to the
extraoral transducer (emitter) to insure good acoustic
conductivity and is placed on the facial skin of the patient.
Gel may also be applied intraorally in the buccal sulcus to
insure continuous acoustic contact between the buccal
mucosa and the gingival tissues, especially in cases
where the anatomical contour of the buccal aspect of the
ridge is conducive to air bubble entrapment. The incoming ultrasound waves are received by the digital sensor
array which is imbedded in the tip of a rigid wand, so
careful positioning of the tip relative to the extraoral
transducer and the alveolar ridge is important. A sterile
transparent plastic sleeve is filled with coupling gel and
positioned over the tip and any bubbles inside the gel
must be carefully extruded. Gel is also applied on the tip
once the sleeve is in place to insure good acoustic conductivity. The tip is positioned intra-orally on the lingual
or palatal surface of the alveolar ridge, parallel to the
extraoral transducer and the alveolar ridge. The goal is to
have a perpendicular path of entry of the acoustic wave

Figure 5
Cavitat Ultrasonograph with extraoral transducer and intraoral digital
sensor array.
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into the alveolar ridge so as to minimize refraction
(Figure 6).
The process of TAU imaging is known alternatively as
a Cavitat Scan, a TAU Scan or τ Scan. A ÒrecallÓ button
allows the operator to access stored 3D data from previous τ Scans (Figure 7). The information on the monitor
can be printed as a form which also includes patient
details. A copy can be provided to the patient immediately following the τ Scan (Figure 8).
As with any new imaging technique, the scanning procedure and image interpretation requires training and a
certain amount of skill as placement of the sensor and
transducer in relation to anatomical structures is very
important. Hence, this is a user sensitive technique and
the above instructions are a simple introduction. Training
is definitely required and should be provided by professionals who have expertise in TAU as well as in the relevant clinical sciences.
TAU Grading
A grading system based on a histopathological confirmation of 285 scanned alveolar sites has been developed
for the Cavitat Ultrasonograph and presented to the FDA
as part of the approval process.51,52 As explained previously, each column is divided into 256 units of attenuation displayed in a nonlinear color scale. The green range
represents a column height of 129-256 units, while
yellow represents a column height of 91-128 units, brown
of 75-90 units, orange of 65-74 units and red of 6-64
units. As described in Table 2, the grading system is
designed to classify the degree of alveolar cancellous
bone attenuation so as to facilitate image interpretation
and treatment planning.

Figure 6
Proper positioning of transducer and intraoral sensor array.
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Figure 7
3D data display of all four quadrants.

Figure 8
Information as displayed on the Cavitat CAV 4000 LCD screen.

At present, based on available clinical evidence, it is
suggested that only high grade (grade III & IV) lesions
should be considered for conservative surgical exploration in the absence of very strong radiographic changes.

sites than any other bone densitometer on the market, as
far as the author is aware. The maxillary and mandibular
bones have a unique combination of morphological structure and associated dental elements.
Potential sources of error when imaging the maxillary
and mandibular alveolar bones in vivo with TAU are
related to:
¥ anatomical configuration of the specimen;
¥ transducer and sensor array positioning;

Limitations and Error Sources in TAU
TAU measures pulsed ultrasound transmission through
32 different alveolar sites in the oral cavity. This is more

Table 2
Grading Categories for Individual 3D Cube
Images (64 colums in each) of T Scans
τ Scan
Grade
0

Description*
Cube shows no loss of column height and is 100% green; or mild loss of column height in less than 1/4 of
columns; and/or moderate to severe loss of column height in less than 3 nonadjacent columns

1

Cube shows mild loss of column height in more than 1/4 of columns; and/or moderate loss of column height in
less than 1/4 of the columns; and/or severe loss of height in less than 1/8 of the columns

2

Cube shows moderate loss of column height in 1/4 to 1/2 of columns; and/or severe loss of height in less than
1/4 of columns

3

Cube shows moderate loss of column height in more than 1/2 of columns; and/or severe loss of column height
in 1/4 to 1/2 of columns

4
Cube shows severe loss of column height in more than 1/2 of columns
*Definition of loss of column height: mild (crown is green, less than 1/3 loss of height); moderate (crown is yellow or brown,
1/3 to 2/3 loss of height); severe (crown is orange or red, more than 2/3 loss of height).
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¥ bone properties and tissue thickness;
¥ acoustic transmission between the various media;
¥ patient cooperation.
Limitations related to anatomical configuration can
interfere with the proper positioning of the sensor array
against the lingual or palatal aspect of the alveolar ridge.
Errors induced by variations in the positioning of the
transducer and sensor array are related to geometric
optics which will impact on the accuracy of the imaging
since, unlike x-rays that always travel in a straight line,
acoustic radiation is sensitive to the angle of entry as
described by SnellÕs law which describes the relationship
between the angles and the velocities of the waves.
SnellÕs law equates the ratio of material velocities VL1,
and VL2 to the ratio of the angle of incident (sinl) and
refraction (sin 2) angle, as shown in the equation and
graphic representation (Figure 9).
The formula (Figure 9) is valid for longitudinal waves
which exist both in liquids and solids. Since cancellous
bone is a heterogenous, anisotropic, dual phase medium,
shear waves are also formed. This is called mode conversion (Figure 10).
Errors induced by bone properties include the variability of bone thickness, bone marrow composition and the
ratio of cortical to trabecular bone. Since attenuation and
TOF are dependent on distance travelled by the acoustic
wave, measurements based on a standardized thickness
instead of actual thickness are less than optimal. As long
as the goal is to identify a change in bone density and/or
quality, small variations in thickness are not as significant
and this has been confirmed by a recent study involving
the author and showing a high degree of correlation

between high grade TAU Scans and intramedullary
pathological changes.55 However, when the goal is the
precise spatial localization of a defect in the specimen,
accurate measurement of the thickness of the specimen as
well as the thickness of soft tissue relative to the thickness of the alveolar ridge is necessary.
Another potential source of error with the Cavitat
Ultrasonograph is the lack of a built in mechanism to regularly check calibration of the device. Manufacturers of
QUS devices provide a phantom to allow the operator to
verify the calibration of their devices on a daily basis.
This can be done manually or through software integrated
with the device. The Cavitat Ultrasonograph is calibrated
by the manufacturer but a phantom or other suitable
mechanism is not provided to allow the operator to routinely verify if the device is still properly calibrated.
For these reasons and others that may yet to be identified, the author recommends that the three golden rules of
ultrasound imaging be followed48:
1. Use more than one image to make an interpretation;
2. Just because a feature is displayed do not consider
that it is necessarily real;
3. Just because a feature is not displayed do not consider that it is necessarily not there.

Figure 9
Refraction of an acoustic wave between two mediums of the same type
but with different acoustic impedance.

Figure 10
In solids shear waves are produced and are refracted at a different
angle due to their lower velocity.
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Effectiveness of TAU
Early investigations with porcine mandibles have
determined the safety of the generated sound waves and
also determined the optimal frequency for complete
transmission through alveolar bone as well as the detection of intra-medullary defects49 (Figure 11).
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Figure 11
The first prototype version of the Cavitat was tested by the New
Mexico Institute of Technology on porcine jaws for safety and effectiveness. Holes were drilled in the jaws and sound was then sent
through the jaws in an attempt to see the holes. The sonogram shows
several rounded holes (the drilled holes), but also shows several
irregular hollow marrow spaces.

As an ultrasonic imaging device, the Cavitat Ultrasonograph was tested for acoustic output in accordance with
Food and Drug Administration (USA) requirements for
diagnostic ultrasound to confirm the safety of the device.
The effectiveness of the device was demonstrated by two
clinical studies in which both radiographs and ultrasound
based, 3-dimensional images of alveolar sites were compared and confirmed with histopathology examination.
The result of the studies confirmed that the device is
effective as an adjunct to standard radiographic evaluation and clinical diagnostic procedures.51,52
The TAU device received regulatory approval from the
FDA in February 2002 and from Health Canada in July
2002.53
Additional clinical studies have confirmed the effectiveness of the Cavitat Ultrasonograph for alveolar cancellous bone density and quality evaluation. One study
compared radiographic images and τ scan images from
72 human subjects and 170 scanned alveolar sites which
had been biopsied and given a microscopic diagnosis of
osteoporotic or ischemic medullary disease. The images
were graded according to a 4-point scale relative to severity of image alteration from normal. Of the 72 patients,
68% were women, and 82% were 40-69 years of age at
diagnosis. Of the 170 imaged sites, both jaws were evenly
distributed and 57% of the lesions were located in the
retromolar/third molar region; 83% were in edentulous
areas. Thirty-five (35%) of the radiographs were completely Ònormal Ò (false negative tests), while only one
lesion was completely ÒnormalÓ on τ scans. The average
grade for radiographs of osteoporotic regions was 1.1
(median: 1; 95% CL: 0.92-1.22) compared to an average
grade of 3.4 (median: 4; 95% Cl: 3.18-3.43) for τ scans.
The average grade for radiographs of ischemically
damaged bone was 0.8 (median: 1; 95% CL: 0.65-1.01),
compared to 3.5 (median: 4; 95% CL: 3.39-3.61 ) for τ
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scans. Eighty-six percent (86%) of positive scans were
high-grade, i.e., grade III & IV lesions while only 9% of
positive radiographs were high-grade. Therefore, it was
concluded that τ scan typically showed great image alteration for ischemic and osteoporotic bone and that TAU
imagery appeared to be significantly superior to routine
dental radiology for detection of osteoporotic and ischemically diseased alveolar cancellous bone.54
Another study55 was conducted to correlate τ scans
with medullary histopathology in a large number of cases
and to determine the proportion of false positive results.
The study was based on a total of 3,522 scanned alveolar
sites with 339 sites, in 125 patients, biopsied after τ scanning. Diagnoses were categorized into five broad disease
types, which were then correlated with graded (4-point
grade scale, see section entitled TAU Grading) τ images
of the biopsied sites. Average patient age was 52 years,
with 65% being female. Seventy-seven percent (77%) of
lesions were in the molar/retromolar region. There was a
slight predilection for the maxilla. Osteoporotic and
ischemically damaged bone accounted for 61% of all
microscopic diagnoses and 74% of suspicious sites had
high-grade τ images, i.e., were Grade III or IV. The mean
grade for these two disease types was 3.5 (median: 4)
compared to 1.8 for normal bone; 95% Cls did not overlap. The level of false positive τ scans was approximately
2%, so the conclusion was that t imaging appears to be an
excellent adjunctive tool for identifying ischemically
damaged and osteoporotic alveolar bone. However, the ttest is technique-sensitive, and mistakes in technique can
give false positive results, so the authors recommended
that only images rated as Grade III or IV be considered
for surgical exploration.
It should be noted that in the above-mentioned study,
TAU demonstrated a relatively poor ability to detect periapical and odontogenic inflammatory lesions. Odontogenic
cyst and fibroma, while well demarcated on radiographs,
scanned as grade 0 or 1, i.e., negative τ scans. This is
likely due to the fact that sound travels so well within the
peripheral bony wall surrounding most periapical pathoses,
developmental odontogenic cysts and benign odontogenic neoplasms. Conversely poorly radiographically
demarcated lesions lacking a high-conduction peripheral
wall, such as a myxoma, scanned as a high Grade III
lesion.
Clinical Significance of TAU for Oral Bone
Densitometry
The National Institute of Health (NIH) considers
osteoporosis as a devastating disorder with significant
physiological, psychological, and financial consequences.
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While its impact on craniofacial bones is acknowledged,
there is a lack of reliable prevalence rate and the NIH recommends that more attention should be paid to the skeletal health, especially in persons with conditions known to
be associated with secondary osteoporosis.56
Recent investigators have demonstrated a significant
association between BMD of the mandible and the peripheral skeleton in postmenopausal women. Some studies
also have linked low BMD of the mandible and the
peripheral skeleton with alveolar bone loss of the mandible
and tooth loss.
In a review of the literature in 1997, Hildebolt57 concluded that an association between osteoporosis and oral
bone loss existed while recommending additional longitudinal studies. He suggested that inexpensive methods
must be developed for sensitive and specific measures of
oral bone loss.
More recent studies58,59 have cited osteoporosis as a
risk factor for periodontal disease even while their association is still not well understood. There is evidence that
patients with systemic osteoporosis are likely to have
decreased oral bone density, which may affect treatment
decisions. Further, patients with decreased bone mineral
density, indicative of osteoporosis, may be at a higher
risk for periodontitis. Therefore, osteoporosis, could be
considered a risk factor for periodontitis.60
In another study61 based on 11,655 subjects in the US
(5733 males and 5922 females), possible association of
periodontal disease with femoral BMD were investigated. Women with high calculus scores and low BMD
had significantly more clinical tooth attachment loss than
those with normal BMD and similar calculus scores,
These finding suggest that in presence of high calculus
score, females with osteoporosis were at increased risk
for tooth attachment loss. Other studies62,63 have concluded that available evidence supported the role of systemic bone loss in the development of tooth loss among
postmenopausal women. However, because so many possible factors contribute to the development of osteoporosis and periodontal diseases, it is difficult to establish a
direct correlation between tooth loss, bone loss and loss
of attachment resulting from periodontitis and decreased
BMD associated with osteoporosis, though studies are
ongoing.50
In general, the interpretation of the existing literature is
difficult due to the different methods used to measure
osteoporosis and oral bone loss. Most of the studies so far
are confined to postmenopausal women, and several
other acquired, behavioral, local and systemic factors
contributing to bone loss such as genetics, hormone
intake, gender, age, race, smoking, diet, oral hygiene,
occlusal trauma, psychological stress, socio-economic, as
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well as immunological factors need to be addressed
when assessing the relationship between osteoporosis
and periodontitis.
Numerous studies have established an association
between periodontal diseases and various systemic diseases including cardiovascular diseases. For example,
DeStefano, et al.64 focused on the contribution of periodontitis and analyzed coronary heart disease and mortality outcomes in nearly 10,000 subjects followed for 14
years longitudinally in the NHANES I study. Periodontitis
for this cohort study was assessed with the periodontal
index. Overall, subjects with periodontitis had a 25%
increased risk for coronary heart disease relative to those
with minimal periodontal disease. This association
occurred after adjustments for potential confounders like
age, gender, race, education, marital status, systolic blood
pressure, total cholesterol levels, body mass index, diabetes, physical activity, alcohol consumption, poverty
and cigarette smoking. For males younger than 50 years,
periodontitis more strongly affected the incidence of
coronary heart disease with a relative risk of 1.72.
Lately, data regarding the periodontal microbial challenge support the biological plausibility of the associations seen in human population studies. Hertzberg, et
al.,65,66 have reported that two oral microbes, streptococcus sanguis and p. gingivalis, express a collagen-like
platelet aggregation-associated protein that can stimulate
thrombotic events.Genco, et al.67 presented preliminary
data that suggest an odds ratio of 2.8 for subjects harboring p. gingivalis in periodontal pockets and exhibiting a
myocardial infarction. In addition, Zambon, et al., 68
recently isolated DNA sequences specific for periodontal
pathogens like P. gingivalis and A. actinomycetemcomitans from human atheroma specimens using polymerase
chain reaction (PCR) techniques. Other nonperiodontal
infectious agents like clamydia pneumoniae, heliobacter
pylori, herpes simplex, and cytolomegalovirus have been
previously detected in atheromatous lesions using similar
methods, and further support an infectious etiology for
cardiovascular disease.69
There is also mounting evidence supporting the association of cardiovascular diseases and osteoporosis.
Calcification is a common feature of atherosclerotic
plaques, and osteoporosis is associated with both atherosclerosis and vascular calcification.70,71
The association of periodontal diseases with oral/systemic osteoporosis and cardiovascular diseases, in light
of the association of cardiovascular diseases with osteoporosis, is interesting since other medullary oral bone
pathologies associated with LBD such as regional ischemic osteoporosis (RIO), bone marrow edema (BME) and
ischemic osteonecrosis (IO) with its many hollow,
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air-filled spaces and its dry bone and fibrous marrow,
have been identified72,73 and linked with hypercoagulability,74-78 a known risk factor in cardiovascular diseases. IO
has also been associated with chronic facial pain.79-82 The
role of hypercoagulability in osteoporosis and periodontal diseases is thus an issue that warrants further research.
The available evidence supports early detection of oral
osteoporosis as a sound clinical practice in the prevention
and treatment of oral and systemic diseases associated
with oral and systemic osteoporosis.
TAU has been demonstrated to be effective in imaging
LBD in cancellous alveolar bone, and low bone density
(LBD) is a characteristic of osteoporosis and related bone
pathologies. The efficacy of the use of ultrasound in this
application is also supported by previously published
data showing a significant linear correlation between
ultrasound velocity and cancellous bone density.26
TAU can provide valuable additional information on
alveolar bone density which, used in combination with
radiography, can assist the clinician in the diagnosis and
treatment of cancellous bone pathologies associated with
LDB (Figure 12).
Conclusions
TAU imaging is a safe, effective medical modality and
a valuable clinical tool that can help clinicians in the early detection, diagnosis and treatment of the various forms
of oral osteoporosis and associated oral pathologies.
Information derived from a τ scan is not meant to be
used purely on itÕs own, but as part of a comprehensive
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clinical assessment using other established imaging
modalities and diagnostic procedures. It is then that information on bone density and quality derived from TAU is
most useful and can be used in various fields of dental
medicine, including periodontology, maxillofacial
surgery, maxillofacial pathology, implantology, endodontics and general dentistry.
The Cavitat Ultrasonograph has a small footprint that
can be installed in almost any dental surgery to complement existing radiographic equipment and to provide
additional diagnostic information on oral bone density
and quality. It could also facilitate clinical research into
oral etiological factors involved in various form of oral
osteoporosis which, in combination with known systemic
factors, could be aggravating factors in the disease
processes.
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Figure 12
Lower right quadrant: a comparison of
roentgenographic imaging, TAU imaging,
and the actual lesion in the cancellous bone.
The margins of the lesion have been highlighted on the occlusal film which shows the
lesion more clearly than the orthopantomographic view, because the internal aspect of
the occlusal cortical plate was damaged. The
histopathological diagnosis in this particular
case was regional ischemic osteoporosis
(RIO). Tooth #47 (US #31) was vital and
retained. This is a good example of the
diagnostic benefits derived from the combination of roentgenographic and ultrasonographic imaging.
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ABSTRACT

A method and apparatus detects cavitation in the jawbone of
human. The apparatus generates an ultrasonic pulse and
passes the pulse through the jawbone of a human. The pulse
is detected by an ultrasonic receiving unit. Attenuations in
the amplitude of the pulse are detected and displayed on a
color monitor. The color monitor allows the detection of
cavitations by interpreting color codes in a 4x4 matrix
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ULTRASONIC APPARATUS AND FOR
PRECISELY LOCATING CAVITATIONS
WITHIN JAWBONES AND THE LIKE

Another use for ultrasound technology in the dental field
has been in the diagnosis of periodontal pockets. Periodontists can use metal probes to determine the depths of
periodontal pockets during inspections for gum disease. The
prior art teaches the use of ultrasound to determine the
depths of periodontal pockets, with deeper pockets indicating the likelihood of gum disease. Thus, the need for the
invasive probing associated with the prior art methods of
measuring dental pockets would be eliminated.
One known method and apparatus for performing ultrasound measurements is described in U.S. Pat. No. 5,100,
318. The presence of diseased gum tissue by measuring the
depth of the periodontal pocket along an outer surface of a
tooth. In particular, a first ultrasonic pulse travel path having
a fixed, reflected delay time and a second ultrasound pulse
travel path having a variable, reflected delay time are
established. The difference between the fixed, reflected time
delay time of the first ultrasonic pulse echo pulse reflected
at the gum line and the variable, reflected delay time of a
second ultrasonic echo pulse reflected from the bone surface
at the bottom of the periodontal pocket is measured. The
difference between these reflected delay times is displayed
and indicates the depth measurement for the periodontal
pocket.
U.S. Pat. No. 5,115,813 describes an ultrasound based
measurement method and apparatus for examining dental
tissue, in particular teeth. The method involves the use of
ultrasound to determine the health of teeth by subjecting
them to a low frequency vibration and determining the
intensity and delay of returning echo signals in relation to
the pulse transmitted to the teeth under examination. The
intensity and delay of the echo signals is used to form a
picture which dentists can use to determine the overall
health of dental tissue (i.e., teeth pulp, root paths, etc.).
Dental root canal diagnosis and treatment are the subjects
of U.S. Pat. No. 5,295,833. During a root canal procedure,
a dentist uses a probing tool to clean the roots of an infected
tooth. Usually the root is enlarged to ensure the complete
removal of the nerve from the canal path. This procedure is
generally performed based on the experience of the dentist
and is, more or less, completed using trial and error. Dental
diagnosing and treating equipment is proposed in this patent
document to enable a dentist to determine the exact depth of
root canals during such root canal procedures. Ultrasound is
used in this known approach to detect the depth of the canal,
thus improving the less precise conventional root canal
cleaning procedure.
U.S. Pat. No. 4,485,823 also proposes a dental diagnostic
apparatus using ultrasound. That is, the apparatus is intended
to measure environmental tissue of the teeth and numerically
identify the degree of health. To effect this measurement, the
apparatus is provided with an oscillation converter for
converting electrical oscillation into mechanical oscillation.
A probe is connected to the converter and is brought into
contact with a patient's tooth for applying the mechanical
oscillation thereto. The patient has a means for actuation
when he or she detects the sense threshold of the oscillation
applied through the probe. This approach is intended to
allow the dentist to more specifically diagnose the health of
the tissue without visual examination.
Similarly, U.S. Pat. No. 3,883,954 discloses the use of
acoustic vibrations produced by dental occlusions for providing a viewable display. U.S. Pat. No. 3,094,115 proposes
to provide a tooth mobility measuring instrument using a
piezoelectric transducer in a small probe intended for ready
insertion into an oral cavity. A percussion instrument is

BACKGROUND AND SUMMARY OF THE
INVENTION
The present invention relates to an apparatus and a
method for locating cavitations and the like in the jawbone
of a living being. More particularly, the present invention
relates to an apparatus which comprises an ultrasonic transmitter and an ultrasonic receiver oppositely arranged around
the jawbone of a patient to implement a method which
introduces ultrasonic sound waves and determines the
attenuation thereof. Thereby, a precise location and size of
cavitations can be determined.
Ultrasound has long been used for a variety of applications including use in the medical field. Its predominant use
has been to obtain two-dimensional soft tissue images, e.g.
in a developing fetus or in a kidney. U.S. Pat. No. 5,402,781
describes a technique for measuring bone density and diagnosing osteoporosis using a frequency generator and a
power amplifier to drive a transducer for inducing continuous vibration in hard tissue. Other bone and tissue analyzers
are described in U.S. Pat. Nos. 4,610,255; 5,006,984; 5,518,
0008; and 5,651,363.
In contrast to other techniques, ultrasound does not subject a patient to radiation. Also, it is less costly and the
equipment is typically smaller in size and easier to use than
X-ray equipment and the like.
More recently, ultrasound has been used to characterize
the physical properties of cancellous bones using velocity of
sound and broadband ultrasonic attenuation parameters
which relate to elasticity, density and structure of bones. The
attenuation of ultrasound in bone is derived by comparing
signal amplitudes transmitted through cancellous bone with
that of the same signal transmitted through water. In this
connection, see Role of Ultrasound in Assessment of
Osteoporosis (http.llwww.mccueplc.com/ultrasnd.htm).
Some recent medical studies suggest that there are significant health risks associated with jawbone infections
resulting from cavities in the jawbone (hereinafter,
cavitations). There is an emerging view of a relationship
between chronic medical diseases and jawbone infections,
e.g., emaciation, rheumatic diseases, heart and other circulatory problems. See, for example, Levy and Huggins,
Routine Dental Extractions Routinely Produce Cavitations,
Journal of Advancement in Medicine, pp. 235-249 (Vol. 9,
No.4, Winter 1996), George E. Meining D.D.D., F.A.C.D.,
Root Canal Cover-Up, 1996.
We have recognized that a considerable advantage to
patient wellbeing can be gained by the ability to accurately
detect the location of such cavitations within the jawbone of
a human patient and that ultrasound technology is the most
effective way to provide this ability.
The use of ultrasound technology in the dental field is
known and has generally been limited to root canal treatment. During a root canal procedure, removing infected
nerve endings and filling with an inert substance are
required. Before the tooth under treatment is filled with a
sterile substance, the canals of the teeth containing the
infected nerve endings require cleaning to ensure that the
entire nerve ending is removed and thus to prevent later
reinfection. During this nerve removal and cleaning, the
depths of the canals are increased. To aid in this procedure,
prior art techniques disclose the use of ultrasound to either
detect the depth of root canals, or to diagnose the health of
teeth tissue (i.e., teeth pulp).
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described in U.S. Pat. No. 4,499,906 whereby the degree of
looseness of teeth is determined. Finally, U.S. Pat. No.
4,673,352 shows a device which uses transmit times of an
ultrasonic pulse to measure relative jaw positions and movements.
Whereas the use of ultrasound has in the past been limited
to soft tissue imaging, bone analysis and treatment of
disorders of the teeth (i.e., root canals and gum disease), it
is an object of the present invention to provide an apparatus
and novel method using ultrasound for detecting with great
accuracy cavitations within a person's jawbone, not the teeth
themselves, thereby permitting medical personnel to undertake corrective action and prevent further complications or
harmful side effects.
The foregoing object has been achieved in accordance
with the present invention by generating an output pulse
with an ultrasonic pulser/receiver and by configuring a
multiplexer in order to output a single output to a common
output from a plurality of sequentially selected input channels. An ultrasonic sound wave passed through the jawbone
of a patient is subsequently received by a multiple-element
(e.g., 16 elements) ultrasonic receiver array coupled to the
multiplexer and converted into an electrical signal. An
ultrasonic sound wave is generated using a single element
ultrasonic transmitter or the like coupled to the ultrasonic
pulser/receiver based on the digital output pulse generated
by the ultrasonic pulser/receiver. A digital output trigger is
produced and the electrical signal is converted into a digital
value using a digitizer.
Cavitations within the jawbone of a patient are therefore
located quickly, easily and precisely by displaying on the
monitor the digital value produced from the signals of each
of the array elements representing the attenuation of a sound
wave generated by the ultrasonic transmitter element that is
passed through the jawbone. Thus, the medical profession
now has the ability to more easily treat cavitations which
increasingly are believed to cause health problems.

STR8 100D, 8-bit, 100 MX digitizer also produced by
Sonix, Inc. Multiple channels of the multiplexer 2 are
sequentially selected. The one-element ultrasonic transmitter element 4 is excited by the pulser/receiver 1 when the
latter is triggered by the digitizer 3 to produce an ultrasonic
sound wave having a frequency of, for example, about 2.5
MHz. The ultrasonic sound wave is passed through the
patient's jawbone 5 to detect and precisely locate the presence of one or more cavitations within the jawbone 5 by
virtue of the attenuation of the strength of the wave amplitude.
In order to precisely determine and depict the exact
location of the cavitations, a 16-element ultrasonic receiver
array 6 is connected to the bus of the multiplexer 2 to detect
the sound wave whose amplitude is proportional to the
attenuation through the jawbone 5. The ultrasonic receiver
array 6 is positioned on the side of the patient's jawbone 5
opposite to the transmitter 4 and comprises an array of
multiple transducer elements corresponding to the channels
of the multiplexer 2, e.g. sixteen in the illustrated embodiment. It will, of course, be understood that the number of
channels and array elements can be varied without departing
from the scope of the present invention.
The sound wave is converted into an electrical signal by
the ultrasonic pulser/receiver array 6 and sent to the multiplexer 2. The multiplexer 2 sequentially routes one of a
plurality of inputs to a "COMMON" output.
This common output is fed to the digitizer 3, where the
electrical signal is converted into an 8-bit digital value that
represents 256 levels. A processor, e.g. a "Pentium"@ 200,
located within a computer 10 processes the 8-bit digital data
and displays, on a color monitor 7, a 4 x4 color coded image
representing the attenuation of the sound wave through the
patient's jawbone 5. This attenuation represents the presence
and precise location of a cavitation within the jawbone 5. Of
course, the results can also be printed out, remotely displayed at another location and/or stored for subsequent
retrieval.
Although the invention has been described and illustrated
in detail, it is to be clearly understood that the same is by
way of illustration and example, and is not to be taken by
way of limitation. The spirit and scope of the present
invention are to be limited only by the terms of the appended
claims.
What is claimed is:
1. An apparatus for detecting bone cavitations, comprising:
an ultrasonic pulser/receiver for generating an output
pulse;
an ultrasonic transmitter coupled to the ultrasonic pulser/
receiver for generating an ultrasonic sound wave based
on the output pulse generated by the ultrasonic pulser/
receiver;
a multiplexer operatively coupled to the pulser/receiver
and configured to output a single output signal to a
common output thereof from a plurality of input channels therein;
an ultrasonic receiver array operatively coupled to the
multiplexer for receiving an attenuated ultrasonic
sound wave passed through the bone and converting the
same into an electrical signal supplied to the input
channels of the multiplexer;
a digitizer for receiving a single output signal and converting the same into a digital value representing a
predetermined number of levels;

BRIEF DESCRIPTION OF IRE DRAWING
Other objects, advantages and novel features of the
present invention will become apparent from the following
detailed description of the invention when considered in
conjunction with the accompanying drawing wherein the
sole FIGURE is a schematic diagram of the novel cavitation
detecting arrangement which, in relation to the jawbone of
a patient, precisely detects cavitations in accordance with the
method of the present invention.
DETAILED DESCRIPTION OF IRE DRAWING
The sole FIGURE shows a portion of the jawbone 5 of a
patient in which the presence and the location of cavitation
represented by the solid dark circle is detected by emitting
an ultrasonic sound wave via a one-element ultrasonic pulse
transmitted by an ultrasonic pulser/receiver 1. The ultrasonic
pulser/receiver 1 of the type used to implement the invention
is well know in the art and can be, for example, a commercially available one such as a SONIX PRC-35 manufactured
by Sonix, Inc. of Springfield, Va. The location or inclusion
of a cavitation within the jawbone 5 has the effect of
attenuating the amplitude of the sound wave (shown by the
parallel lines above the jawbone 5) as it passes though the
jawbone 5.
A sixteen channel multiplexer (in practice, a unit comprising two 8-channel multiplexers, such as a Sonix model
MUX 4800), is connected with the ultrasonic pulser/receiver
1 and a digitizer 3 such as a commercially available SONIX

10

15

20

25

30

35

40

45

50

55

60

65

6,030,221
5

6

a processor for building up a color coded image from the
data obtained from each channel representative of an
extent of attenuations of the sound wave through the
bone; and
a device for displaying the color coded image.
2. An apparatus according to claim 1, wherein the ultrasonic array has a plurality of receiving elements.
3. An apparatus according to claim 1, wherein the frequency of the output pulse in the range of about 2.5 MHz.
4. An apparatus according to claim 3, wherein the frequency of the sound wave based on the output pulse is about
2.5 MHz.
5. An apparatus according to claim 3, wherein the digital
output trigger has a frequency of about 100 MHz.
6. An apparatus according to claim 1, wherein the digital
value is comprised of 8-bits representing 256 levels of data.
7. An apparatus according to claim 1, wherein the displaying device is a monitor for visual display.
8. A method for detecting a bone cavitation, comprising
the steps of
locating an ultrasonic receiver array adjacent one side of
a bone region to be examined;
locating an ultrasonic transmitter adjacent a side of the
bone region opposite the receiver array;
sequentially selecting data from the receiver array;
generating and supplying a pulse signal to the transmitter
so as to cause emission of an ultrasonic wave directed
toward the bone region and toward the receiver array
adj acent the opposite side of the bone region;
converting an attenuated sound wave received at sequentially selected portions of the receiver array into an
input signal to form a succession of input signals; and

processing the input signals to obtain color-coded data
representative of sound attenuation measuring the
extent and location of the bone cavitation.
9. Amethod according to claim 8, wherein the bone region
is a jawbone of a human being.
10. A method according to claim 8, wherein the generated
pulse signal has a frequency is in the range of about 2.5
MHz.
11. A method according to claim 10, wherein the emitted
sound wave from the transmitter has a frequency of about
2.5 MHz.
12. A method according to claim 8, wherein the processing step includes digitizing a common output signal based
on the succession of input signals.
13. A method according to claim 12, wherein the digitizing step assigns a digital value to data from respective
channels corresponding to the instantaneously selected portions of the receiver array.
14. A method according to claim 13, wherein the digital
value is comprised of 8-bits representing 256 data levels.
15. A method according to claim 12, wherein the digitizing step is performed by a digitizer having an operating
frequency of about 100 MHz.
16. A method according to claim 8, wherein the processing step includes the step of visually displaying the processed color-coded data.
17. A method according to claim 16, wherein the displayed color coded data is in the form of a 4x4 image.
18. A method according to claim 8, wherein the ultrasonic
receiver array comprises multiple elements corresponding to
the sequentially selected portions.
19. A method according to claim 8, wherein the ultrasonic
transmitter is a single-element type.
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K011147
(Per 21 CFR § 801.109)
S10(k) SUMMARY

I.

General Information on Submitter:
Name:

II.

FEB 152002

CAVITAT Medical Technologies, Inc.
10691 E. Bethany Drive, Suite 900
Aurora, Colorado 80014
Tele: (303) 755-2688
Fax: (303) 755-2699

General Information on Device
Name: CAVITA'fTM(Ultra so no graph)
Classification Name: Extraoral Source X-Ray System

III.

Predicate Devices:
Existing extraoralX-ray devices and
MYSONO 201 Diagnostic Ultrasound System and Transducers (K003121)

IV.

Description of the Device:

The CAVITATTM (Ultrasonograph) CAV 40000-1 or CAY 40000-3 with "WIN/CAV
Software (Release 1.05) consists of a transmitter, pulsing transducer, receiver, and a dedicated
computer using an AMD processor. The computer system includes a LCD monitor, a color
inkjet printer, and patented circuitry installed by CA VITAT Medical Technologies, the'
manufacturer of the device. The transmitter sends an electrical signal to the transducer which
converts it into a pulsed ultrasonic sound wave that is transmitted at a rate of27,000 sound
pulses per microsecond, clocked at 2.5 megahertz at 1,042 feet per second at 98°F. These
ultrasonic pulses travel through alveolar bone, and are received by the receiver membrane,
which converts it into an electrical signal. It is this electrical signal that is displayed on the
computer monitor. The display represents an average of two to eight pulses received when
the button/foot pedal is pushed. The frequency used by the CAVITA TTM (Ultrasonograph)
does not record the presence of soft tissue. It is the lack of interconnectivity and thickness of
trabeculae that determines signal strength, and therefore the height of the three-dimensional
column display. The colors of the columns displayed are non-linear.

V.

Intended Use:

The CAVITATTM (Ultrasonograph) CAY 40000-1 or CAY 40000-3 with WIN/CAV
Software (Release 1.05) provides an ultrasound-based, three-dimensional image of the
alveolar process of the maxilla and mandible as an adjunct to standard radiographic evaluation
and clinical diagnostic procedures.

The clinical significance and correlation of the CAVITATTM (Ultrasonograph) images,
including column height and color grading, has not been established for specific osseous
pathology, or normal bone. Positive images represent alveolar regions that attenuate
ultrasound signals.

VI.

Technological Characteristics of Device Compared to Predicate Devices:

The technological characteristics of the CAVITApM (Ultrasonograph) are identical to those
of a diagnostic pulse-echo ultrasound device, \vith the exception of the fact that the
CAVITATTM (Ultrasonograph) measures the signal that passes through the bone rather than
the return or echo signal. Positive images represent alveolar regions that attenuate ultrasound
signals.

VII.

Summary of Safety and Effectiveness Data

The CAVITATTM (Ultrasonograph) was tested for acoustic output in accordance with FDA
requirements for diagnostic ultrasound to confirm the safety of the device. The device met or
exceeded all applicable FDA requirements. The effectiveness of the CAVITA pM
(Ultrasonograph) was demonstrated by a clinical study in which both radiographs and
ultrasound-based, three-dimensional images of 92 alveolar sites were compared and
confirmed with histopathologic examination. The results from the clinical study confirmed
that the device is effective as an adjunct to standard radiographic evaluation and clinical
diagnostic procedures.

DEPARTMENT OF HEALTH &. HUMAN SERVICES

FEB 15 2002

Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Cavitat Medical Technologies, Inc.
C/O Mr. Larry R. Pilot
Mckenna and Cuneo, L.L.P.
1900 K Street, N. W.
Washington, D.C. 20006-1108

Re: K011147
Trade/Device Name: Cavitat™ (Ultrasonograph), CA V 40000-1 and CA V
40000-3 with WIN/CA V Software (Release 1.05)
Regulation Number: 872.1800
Regulation Name: Extraoral Source X-Ray System
Regulatory Class: II
Product Code: EHD
Dated: January 14,2002
Received: January 14, 2002

Dear Mr. Pilot:
We have reviewed yOW" Section 51 O(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the
indications for use stated in the enclosure) to legally marketed predicate devices marketed in
interstate commerce prior to May 28, 1976, the enactment date of the Medical Device
Amendments, or to devices that have been reclassified in accordance with the provisions of
the Federal Food, Drug, and Cosmetic Act (Act) that do not require approval of a premarket
approval application (PMA). You may, therefore, market the device, subject to the general
controls provisions of the Act The general controls provisions of the Act include
requirements for annual registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration.
If your device is classified (see above) into either class II (Special Controls) or class III
(PMA), it may be subject to such additional controls. Existing major regulations affecting
your device can be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In
addition, FDA may publish fUliher announcements concerning your device in the Federal
Register.
Please be advised that FDA's issuance of a substantial equivalence determination does not
mean that FDA has made a detennination that your device complies with other requirements

Page 2 - Mr. Pilot

of the Act or any Federal statutes and regulations administered by other Federal agencies.
You must comply with all the Act's requirements, including, but not limited to: registration
and listing (21 CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice
requirements as set forth in the quality systems (QS) regulation (21 CFR Part 820); and if
applicable, the electronic product radiation control provisions (Sections 531-542 of the Act);
21 CFR 1000-1050.
This letter will allow you to begin marketing your device as described in your Section
510(k) premarket notification. The FDA finding of substantial equivalence of your device to
a legally marketed predicate device results in a classification for your device and thus,
permits your device to proceed to the market.
If you desire specific advice for your device on our labeling regulation (21 CFR Part 801
and additionally 21 CFR Part 809.10 for in vitro diagnostic devices), please contact the
Office of Compliance at (301) 594-4613. Additionally, for questions on the promotion and
advertising of your device, please contact the Office of Compliance at (301) 594-4639.
Also, please note the regulation entitled, "Misbranding by reference to premarket
notification" (21CFR Part 807.97). Other general information on your responsibilities under
the Act may be obtained from the Division of Small Manufacturers, International and
Consumer Assistance at its toll-free number (800) 638~2041 or (301) 443-6597 or at its
Internet address ht tp; I Iwww. fda gov/cdrh/dsma Idsmamain. html
~

I

Director
Division of Dental, Infection Control
and General Hospital Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure

S10(k) Number: K011147
Device Name: CAVITATTM (Ultrasonograph)

Indications for Use:
The CAVITATTM Ultrasonograph CAV 40000-1 or CAV 40000-3 with WIN/CA V Software
(Release 1.05) provides an ultrasound-based, three-dimensional image of the alveolar process
of the maxilla and mandible as an adjunct to standard radiographic evaluation and clinical
diagnostic procedures.

The clinical significance and correlation of the CAVITApM (Ultrasonograph) images,
including column height and color grading, has not been established for specific osseous
pathology, or normal bone. Positive images represent alveolar regions that attenuate
ultrasound signals.
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CAVITAT™ Ultrasonograph
Received……………………...…1/30/04
Scientific Review………………....2/8/04
IAOMT Board Review………….3/25/04
Reevaluation……………….…… 7/24/05

Scientific Review
Root Canals &
Cavitations

Approval…………….………..3/25/04
Provisional Approval
No Opinion
No Approval

Explanation of IAOMT position: In the next paragraph the applicant request that the Cavitat Ultrasonograph be also approved
as an IAOMT Standard of Care. The IAOMT fully appreciates the true value of the Cavitat Ultrasonograph. However IAOMT
Approval as a Standard of Care in addition to the Scientific Review could place the membership in legal jeopardy if the Cavitat
Ultrasonograph is not used below by a member for those purposes. With this in mind, the IAOMT fully supports the use of this
technology for the reasons described below. The IAOMT encourages anyone doing these procedures to seriously consider using
the Cavitat Ultrsonograph but at this time the IAOMT must be cautious in defining this as a Standard of Care.
Applicant’s Request: It is recommended that the CAVITAT™ Ultrasonograph be an approved Scientific Review and
Standard of Care of the IAOMT for the following reasons:
1. The device is used to determine the general health of the jawbone before any dental procedure is done.
2. The incidence of necrotic bone lesions is estimated in the general population to be from 40% to 80%. Utilization of this
technology would reduce the failure rate of dental procedures performed on ischemic bone, which is currently estimated to be
40%. Necrotic bone tissue is reported to give off toxins that can affect the general health as well as the integrity of dental health.
When used in conjunction with a panograph, detection and diagnosis of jawbone lesions approaches 98 to 100% in accuracy. Xrays alone show 27% at best and only when 60% or more of the cortical bone is destroyed.
3. The results of Cavitat™ testing should be evaluated with the panograph as this provides a higher percentage of accurate
diagnosis than either procedure alone. The dental professional can now accurately select or rule out appropriateness of certain
dental procedures for patients seeking restorative or reconstructive dental procedures.
4. Diagnosis of necrotic jawbone can also benefit the medical professional as this diagnosis provides the potential cause of
chronic illness whose etiology is unknown and the illness cannot otherwise be explained. It opens a new avenue of investigation
for the physician and the opportunity to work with the dental professional to assist the patient in recovery of health.
1. The CAVITAT™ Ultrasonograph provides:
A) An ultrasound-based 3-D color image of the alveolar process of the maxilla and mandible.
B) An extremely accurate quantitative analysis of the alveolar process.
C) Real-time and 3-D image of each tooth site that can be moved vertically or mesial/distal to scan a larger area while in use,
and the image can also be rotated, zoomed in or zoomed out to better evaluate the total condition of the bone.
D) Detection and precise measuring of low bone density to aid medical professionals in diagnosing areas of possible concern
before a dental procedure such as an implant or root canal.
E) Color coded images that distinguish the intensity of destruction:
1. Red = significant bone loss and density
2. Yellow = moderate bone loss and density
3. Green = no bone loss.
F) Capable of detecting jawbone defects from 1 millimeter and up in size
2. Benefits:
A) Information can be read and interpreted immediately
B) Quick and thorough scanning of the entire jawbone
C) Real time digital scanning
D) No radiation
E) Very user-friendly
F) Low cost operation, uses no chemicals or film
G) Mobile
No other imaging device has been able to match the accuracy of Cavitat™. X-rays show 27% at best and only when 60% or
more of the cortical bone is destroyed. The CAVITAT™ Ultrasonograph when used in conjunction with a panograph will
provide 98 to 100% of the information needed for an accurate clinical diagnosis allowing the practitioner to confirm or rule
out suspect areas that cannot be clearly imaged by x-ray alone.
It is the only instrument designed exclusively for quantitative bone analysis.
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Name of Scientific Review: CAVITAT™ Ultrasonograph
Alternative name(s) of Scientific Review: Ultrasonographic imaging of jawbone to detect low jawbone bone density
This Scientific Review is related to Medicine & Dentistry
This Scientific Review is Equipment
Purpose of the Scientific Review: This equipment is used for:
1. Detection of low bone density in the jawbone. It provides an ultrasound-based 3-D image of the alveolar process of the
maxilla and mandible. It performs a quantitative analysis of the alveolar process.
2. To better evaluate the total condition of the jawbone by precisely measuring necrosis of the jawbone to aid medical
professionals in diagnosing Bone Marrow Edema Syndrome, Neuralgia Inducing Cavitational Osteo-necrosis, Osteomyelitis and
Periodontal Pockets of the Buccal Bone.
The latest scientific studies have proven these lesions to be highly neurotoxic (reference website: www.testfoundation.org).
These toxins inhibit protein and enzyme absorption essential for all cellular functions contributing to or inducing systemic
cellular disease.
Scientific Review History: The CAVITAT™ was developed by Bob Jones, a former pilot, who suffered from an extremely
severe, debilitating osteonecrosis of multiples sites in his jawbone.
Initially, the inventor developed a transducer, a device that sends sound waves through the jawbone at an ultrasound wave
strength determined to be effective and then a digitized array was developed that is capable of interpreting the strength of the
signal after it has passed through the bone.
Once the signal data is acquired, it is sent to a computer that converts the signal to a digital perspective 3-D color image. Userfriendly software was developed to operate and convert the signals from analog to digital (WIN/CAV) in order to project the
color image to the computer screen. All components of the Cavitat™ are patented by the inventor
A brief description of the Scientific Review Initial research was done at New Mexico Institute of Mining & Technology,
Socorro, New Mexico, on pigs’ jaws and confirmed that the ultrasound wave strength frequency was the proper setting to image
accurately and safely. Following this research, CAVITAT™ Medical Technologies, Inc. was established to take this
revolutionary imaging system through testing and into production. The Generation 3 field model of the CAVITAT™
Ultrasonograph was built and used for several years by doctors who participated in independent clinical trials under the
administration of Dr. Jerry Bouquot of The Maxillofacial Center for Diagnostics & Research, Morgantown, West Virginia.
Using the data obtained from clinical trials, a Generation 4 production model was built and sold to doctors as a custom built
system.
Data from clinical trials and Dr. Bouquot’s study was presented to the FDA for full review with the 510(k) application. Although
not normally required in the FDA 510(k) process, CAVITAT™ Medical Technologies, Inc., prepared and submitted in excess of
12,000 scans, biopsies and panos to the FDA as supporting evidence. Dr. Bouquot personally took in excess of 900 scans and
supporting data to the FDA where 392 were randomly selected and reviewed by the FDA committee. The CAVITAT™ legal
team commented that this was the largest amount of research data ever presented to the FDA, to their knowledge, for a dental
device for a 510(k) clearance.
The FDA requires the scan be a prescription item. The FDA designated the instrument as an Ultrasonograph and listed it as a
Class II device with no restrictions on marketing.
A specific description of this Scientific Review: Contact the manufacturer for specific directions of use which would be part of
training with the equipment purchase
Manufacturer(s) & Distributer(s): CAVITAT™ Medical Technologies, Inc. is the manufacturer/distributor, 10730 E. Bethany
Drive, Ste. 112, Aurora, Colorado 80014, (303) 755-2688, FAX (303) 755-2699 Website: www.cavitat.com,
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E-mail: cavitat@cavitat.com
Scientific Literature: Medullary and Odontogenic Disease in the Painful Jaw: Clinicopathologic Review of 500 Consecutive
Lesions, The Journal of Craniomandibular Practice, October 2002, volume 20, Number 4.
Published abstracts relative to Through-transmission Alveolar Ultrasonography (TAU) as of September 19, 2002.
More information at www.maxillofacialcenter.com, (click osteonecrosis), as follows:
1.
Bouquot, W. Martin, G. Wrobleski. Computer-based thru-transmission sonography (CTS) imaging of
ischemic osteonecrosis of the jaws – a preliminary investigation of 6 cadaver jaws and 15 pain patients.
Oral Sur Oral Med Oral Pathol Oral Radiol Endo 2001; 92:550. Presented orally to the American
Academy of Oral & Maxillofacial Pathology, Chicago, Illinois, April, 2001.
2.
Bouquot J, Margolis M, Shank land W, Imbeau J. Through-transmission Alveolar Ultrasonography
(TAU) – A new technology for evaluation of medullary diseases. Correlation with histopathology of 285
scanned jaw sites. Oral Surg, Oral Med Oral Pathol, Oral Radiol Endod 2002; 94:210. Presented orally
to the American Academy of Oral & Maxillofacial Pathology, New Orleans, April, 2002.
3.
Bouquot JE, Shankland WE II, Mragolis M. Through-transmission alveolar ultrasonography (TAU) –
new technology for evaluation of bone density and desiccation. Comparison with radiology of 170
biopsied alveolar sites of osteoporotic and ischemic disease. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2002; 93:214-215. Presented orally to the American Academy of Oral Medicine, Ft.
Lauderdale, April, 2002.
4.
Bouquot JE, Shankland WE II, Margolis M, Glaros W. Through-transmission Alveolar Ultrasonography
(TAU) – new technology for detection of low bone density of the jaws. Comparison with radiology for
92 osteoporotic alveolar sites with histopathologic confirmation. J Oral Pathol Med 2002; 31:289-290.
Presented orally to the 11th Biennial Congress of the International Association of Oral Pathologists,
Singapore, August, 2002.
5.
Bouquot, JE, Through- transmission alveolar sonography (TAU) – new technology for the evaluation of
low bone density and ischemic disease. Correlation with histopathology of 339 scanned alveolar sites.
This paper was presented to the American Academy of Oral and Maxillofacial Pathology, New Orleans,
Louisiana, April, 2002.
Jawbone Cavitations: Infarction, Infection & Systemic Disease, Susan Stockton, MA;
PATIENTS – April 2002.

Townsend Letter for DOCTORS &

Margolis, Michael D. DDS, Candidate, Doctor of Integrative Medicine, Daniel F. Farrier, MD, CCN, Doctor of Integrative
Medicine (CUIM), David S. Margolis, B.S., - Doctoral Thesis: Accurate Detection of Jawbone Lesions and Osteolytic
Abnormalities Using the CAVIAT™ Ultrasonogram Imaging System: A clinical Study Utilizing Photoaffinity Labeling and
Histological Assessments
Legal Aspects of this Scientific Review: The CAVITAT™ Ultrasonograph has the following clearances and certifications:
Food and Drug Administration: FDA Clearance #K011147 was granted February 15, 2002 with the following indication for
use:
“Indications for Use: the CAVITAT™ Ultrasonograph CAV 40000-1 or CAV 40000-3 with WIN/CAV software (Release 1.05)
provides an ultrasound-based, three dimensional image of the alveolar process of the maxilla and mandible as an adjunct to
standard radiographic evaluation and clinical diagnostic procedures.”
Prior to review of data by the FDA, a third party designee of the FDA in California cleared the CAVITAT™ Ultrasonograph for
its complete safety and efficacy – February 16, 2001.
Health Canada: CSA #37968; approved 5/17/02
Federal Communications Commission: FCC – 3/27/02
Commission of Europe: CE – 3/27/02
Commission of Medical Europe: CME –3/27/02

Applicant Name: CAVITAT™ Medical Technologies, Inc.

Office Phone:
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