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From Bonesetters to

Orthopaedic Surgeons:
A History of the Specialty
of Orthopaedics

Deanna Beckett, BS, MISS

Even before caveman Grogg picked up a club and began to
hunt, humans have suffered from fractures. As humankind
became more aware of injuries and how to treat them, certain
people accepted the responsibility of keeping and using that
knowledge to heal. In tribal cultures, that person was, and
often still is, a medicine man or bonesetter.! In technological-
ly advanced cultures, the best-trained healer for fractures is
the orthopaedic surgeon.

The orthopaedic specialty has come a long way since
Grogg’s day. The transition over time hardly makes sense.
From a purely linguistic standpoint, the name, orthopaedic,
indicates a specialty with children, not bones and fractures.*’
The title of surgeon is equally odd. For hundreds of years, a
surgeon was not an educated man, but a tradesman similar to
a carpenter.*’ Today’s orthopaedic surgeons have spent years
acquiring specialized knowledge and experience in the field.
They treat all age groups and conditions that range from mus-
culoskeletal diseases to compound fractures and joint replace-

ments. How could such a transition take place?

EARLY EVIDENCE
Although there’s no physical evidence remaining, skeletons
from Grogg’s day indicate that Neolithic people may have

splinted fractures—probably with bark and sticks, secured with

bandages. Other primitive peoples also found creative ways to
immobilize broken limbs. Tribes in South Australia made splints
from clay, and the Shoshone Indians soaked strips of fresh
rawhide in water and wrapped them around the limb. Rawhide
and clay hardened as they dried, protecting the injured bone.*
As human civilization advanced, specific people were desig-
nated as healers and bonesetters. Often the techniques were
passed down from generation to generation. They used their
skills to treat the injured or sick, and, when appropriate, cast
spells and used incantations to encourage healing. These men
often paid a price if their treatment failed. As early as 1900
BCE in Babylon, King Hammurabi organized a code of laws
that regulated medical practice and set penalties for failure.
That code mentions specifically the “Gallabu,” bonesetters
who handled minor surgery, dentistry and slave branding.*

The first known written instructions for surgery and bone-
setting date to 1600 BCE. The Edwin Smith Papyrus, named
for an American Egyptologist, described the appropriate treat-
ment of fractures. The papyrus describes treatment for a bro-
ken upper arm:

“Thou shouldst place him prostrate on his back, with something
folded between his two shoulders in order to stretch apart his upper
arm until that break falls into place. Thou shouldst make for him
two splints of linen, and shouldst apply for him one of them both on
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the inside of his arm, and the other of them both on the underside of
his arm. Thou shouldst bind it with ymrw [an unidentified mineral
substance], and treat it afterward with honey every day until he
recovers.”

For a fracture of a skull, the surgeon would apply a potion
made from an ostrich egg to dry the wound, and recite an
incantation to call for the help of Isis, the Egyptian goddess of
fertility. The papyrus also describes conditions that would not
be treated. If the surgeon took the treatment of a patient
beyond what was described, and the patient died, the surgeon

could be impaled.*

By the 5™ century ACE, the writings of Sustra in India
offered instructions for limb amputation and constructing iron
prosthetics. Hippocrates also wrote a treatise on fractures and
dislocations, known for its accuracy of anatomy and physiology,
which addressed compound fractures, reduction, dressing, and
immobilization. He described a wooden rack to treat a dislocat-

ed femur and techniques for extension and counter-extension.*

THE ROLE OF THE CHURCH
After the fall of the Roman Empire, advances in medicine
slowed. The Roman Catholic Church became the governing

body for social and religious activity.* Church leaders believed
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that sickness was a penalty for sin and called for prayer and
fasting. They were suspicious of medicine’s pagan origin and
its connection with the teachings of non-Christian Arabs and
Greeks. The church’s moral code was equal to law, and any
breach could lead to excommunication.’ Instead of turning to
healers and bonesetters, parishioners prayed to saints for heal-
ing.* When all else failed, they turned to priests for help.’

For almost 1,000 years, there were no medical schools or
other form of medical training in Western Europe.* Priests
studied Latin, making them the only ones able to read and use

information from medical treatises. By 1100 ACE, the church

((oman
being bled
bn a
Barber-
surgeon,

3 woodcut

hy Hieronymus
Brunschwig
1500

leaders became concerned about the clergy’s practice of heal-
ing. They worried that, if treatment went awry, the priests
could have blood on their hands, and the church would have
a scandal. The church enacted a series of laws that prevented
priests and monks from attending public medical lectures and
attempting surgery.’ A later act extended the same rules to
physicians. The priests’ servants, the barbers, were the only

ones permitted to perform surgical operations.*’

QUACKS AND TRADES
Because of their day-to-day interaction with people, barbers

had the opportunity to perfect their techniques. Working with
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the poor, they could observe and experiment without much
fear of retribution. Fractures had to be set; aching teeth had to
be pulled.® Qualifications for work as a barber had more to do
with strength, physique, stamina, speed and dexterity rather
than education. These early surgeons were tradesmen and were
educated by apprenticeships, not in schools. Physicians, on the
other hand, had no practical experience. They were trained in
philosophy, but not basic science. Often they treated only the
royals, nobles and others wealthy enough to afford their ser-
vices. When physicians prescribed bloodletting or surgery, they

would supervise the work of a barber or surgeon.”®

By the 15" century, a barbers’ guild had formed in England to
help recruit, train and regulate its members. Other professions
had also sprung up. The surgeons and their guild competed with
the barbers to treat the same ailments. Physicians were only
allowed to treat internal conditions. The druggist mixed medica-
tions, but had to purchase chemicals from apothecaries. By 1540,
Thomas Vicary helped put an end to the fighting and confusion
by securing the king’s permission to unify the guilds of the bar-
bers and surgeons. The same act also outlined the duties of the
barber-surgeon, versus that of the physician or the apothecary.*

In addition to those who had the legal right to practice,
other kinds of healers did what they could to make a little

money and bring hope to the sick.® These professions included
“quacks, empirics, mountebanks and itinerant operators for the
stone, for hernia, and for cataract.” Although they had neither
the experience of a barber-surgeon or the education of a physi-
cian, and their dealings were technically illegal, these oppor-

tunists were generally ignored as long as they were transient.”

THE ORIGIN OF ORTHOPAEDICS
The 17" century brought a better understanding of anatomy,
the discovery of the circulation of blood, and a new technique

for amputation using a flap.* During that time, society’s view

At the
Village
Barber-
surgeons

hy David Ryckaenrt

of the crippled became more sympathetic, due mainly to the
Poor Relief Act of 1601 which provided for their care.
Treatments for conditions such as club foot started gaining
more attention.’

This environment set the stage for Nicholas André, a profes-
sor of medicine at the University of Paris. André published the
first textbook on preventing and correcting musculoskeletal
deformities in children. The name of his treatise, ’Orthopedie,
was created by joining two greek words—orthos (meaning free
from deformity) and paideia (meaning child).>” The book, origi-
nally published in 1741, was translated into English, Belgian and

German, spreading André’s techniques around the world.?
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André used exercise, manipulation and splinting to treat
deformities, and advised “remedies as are proper to relax ten-
dons and muscles.” André compared his methods of treating
limbs to those used to straighten young trees. That illustration
became the icon for the specialty of orthopaedics.”’

This newborn emphasis on treating children and bone
deformities was financially beneficial to barbers, surgeons and
other bonesetters. Some used “straps of sticking plaster” to
hold deformed feet into place. Others wrapped the feet in rags
soaked a mixture of egg whites and flour, forming a paper-
mache-like cast.’

The 18" century also saw the development of the first
orthopaedic hospital. The hospital’s creator, Jean André
Veneal, developed the club-foot shoe and methods to treat

curvature of the spine.’

BRINGING FRACTURES INTO THE FOLD

Several factors from the 18" and 19" centuries influenced the
transition from bonesetting to today’s orthopaedic surgeon.
John Hunter’s research on tendon healing paved the way for
tendon surgery.” Wilhelm Konrad Roentgen discovered X-rays
and their ability to image bones. Antiseptic and anesthetic
techniques made surgical procedures safer and easier to per-
form.! However, the specialty of orthopaedics remained
focused on the deformities of children until the 1890s.

Evan Thomas had been a well-known bonesetter in
Liverpool. In spite of his thriving practice, and well-known
clients, Thomas wasn’t allowed a hospital position because he
wasn’t a physician. Thomas insisted that his son, Hugh Owen
Thomas, attend medical school. His son became interested in
orthopaedics and joined his father’s practice specializing in chil-
dren’s deformities. When Evan’s health began to decline, Hugh
learned bonesetting techniques to continue his father’s work.'
Thomas went on to become famous in his own right, develop-
ing the Thomas splint, which is still used today. His free,
Sunday-morning clinics for the poor were known worldwide."®

Thomas convinced his nephew, Robert Jones, to attend
medical school and join him in practice. After graduation,
Jones became his apprentice and took over the practice when
Thomas died of lung disease. Jones’ education, experience and
location made him the perfect choice for the position of sur-
geon of the Manchester Ship Canal construction project."®
The canal connected the port of Liverpool to the manufactur-

ing capital of Manchester. Jones set up surgical centers along
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the canal to handle injuries of the 20,000 workers. This pro-
ject quickly made him an expert in treating fractures. Soon,
physicians from around the world who docked in Liverpool
would stop at Jones’ clinic to learn his techniques.'

When World War I began, Jones was the perfect candidate
to organize the Army’s orthopaedic services. He was later
knighted for those efforts. After the war, Jones helped estab-
lish a number of orthopaedic hospitals for children and found-
ed the British Orthopaedic Association in 1918."*

ORTHOPAEDICS TODAY

Andre gave the profession a name; Jones expanded the special-
ty to include fractures and the treatment of adults; and count-
less others developed surgical procedures to add to the breadth
of the orthopaedic surgeon’s practice. Today’s surgeons treat
the most complicated problems related to bones, cartilage, ten-
dons, ligaments and nerves. They use surgical, medical, orthot-
ic, prosthetic, and physical methods that have been perfected
over hundreds, even thousands, of years.? Unlike the boneset-
ters or surgeons that spanned most of our civilization’s history,
these specialists have the hands-on experience and years of
education to give their patients high quality care.

What about the humble bonesetter? In many third-world
countries where a majority do not have access to health insur-
ance or government health care, treatment from a bonesetter
is all they can afford. In South America and Africa, the short-
age of qualified medical professionals is such a problem that
the World Health Organization has funded better training for
bonesetters and other medicine men.'

The tradition lives on.
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Answers o Your
e AUESTIONS

steoporosis is considered an invisible or silent disease

affecting approximately 28 million Americans.

Osteoporosis has no symptoms until the patient
notices a loss of height, changes in posture (dowager’s hump
or kyphosis, Figure 1), or suffers a fracture. Although any bone
is subject to osteoporotic fracture, vertebral body (Figure 2),
distal radius, and proximal femur fractures are the most com-
mon. Almost all fractures in older adults are blamed at least in
part to low bone density. Post fracture outcomes can vary from
complete recovery to death with many patients suffering

chronic pain and permanent disability.!

WHAT IS OSTEOPOROSIS?

Osteoporosis is the condition of (sis) porous (poro) bone
(osteo) and is THE MOST COMMON bone disease."*
Osteoporotic rarefaction is considered a metabolic bone dis-
ease, which may be either idiopathic or secondary to another
disease or condition. Osteoporosis has many forms that affect
both children and adults. This article focuses on Type [—
Postmenopausal Osteoporosis and will include a brief discus-

sion of Type II—Senile Osteoporosis. With all types of osteo-

porosis, the patient experiences low bone mass and deteriora-
tion of the microscopic architecture of the bone tissue.
Structural defects in the bone lead to fragility, causing an
increased risk of fracture (Figures 3 A and B).

Simply put, osteoporosis occurs when there is a disruption
in normal bone metabolism. Normally, osteoblastic and osteo-
clastic activity are equal, thereby maintaining the number and
quality of osteocytes. The term remodeling is used to describe
bone in its normal state of maintenance. A disruption that
causes osteoclastic activity to be greater than osteoblastic

activity results in a decrease in density (or mass) of the bone.

WHAT CAUSES OSTEOPOROSIS?

The cause of osteoporosis varies according to the type that
affects the patient. Type I osteoporosis is also referred to as
“postmenopausal” osteoporosis. It is due to loss of estrogen
and affects postmenopausal women. Type Il osteoporosis is
also referred to as “senile” osteoporosis. It is due to long-term

calcium deficiency and affects persons (female and male) over

the age of 75.
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HOW IS IT DIAGNOSED?
Bone loss due to osteoporosis is usually asymptomatic until a
fracture occurs. Osteoporosis that results from hyperthy-
roidism is the only type of osteoporosis that is truly
reversible. Therefore, hyperthyroidism should be ruled out
during the process of diagnosis. In addition, blood levels of
patients on thyroid hormone replacement therapy (for
hypothyroidism) should be monitored to prevent over med-
ication leading to bone loss similar to that associated with
hyperthyroidism.*

The patient’s level of bone mineral density (BMD) is key to
diagnosis. Tests to quantify BMD offer several advantages to:

e Detect osteoporosis prior to fracture

e Determine rate of bone loss

Predict the likelihood of future fracture

Allow informed decisions about treatment

® Monitor the effect of treatment
BMD can be measured in several ways, all of which are

noninvasive, safe, painless, and readily available.

¢ Dual Energy X-ray Absorptiometry (DEXA or DXA) is
the most commonly used method for measuring bone
mass. The patient lies flat on a padded X-ray table while
the arm of the instrument passes over a selected area of
the body. Specific anatomic sites for DEXA measurement
include the pelvis, lumbar spine, proximal femur, forearm,
and calcaneus. The exam takes approximately two min-
utes to complete and is very accurate. The patient is
exposed to a very low dose of radiation. The exam is use-
ful in determining the tensile strength of the bone to esti-
mate the risk of fracture and assess treatment results.

e Single Energy X-ray Absorptiometry (SXA) is effective
in measuring bone density at the calcaneus or distal
radius.

e Peripheral Dual Energy X-ray Absorptiometry (PDXA)
is also used to assess the extremities.

e Ultrasonic evaluation uses sound waves to measure bone
density of the patella, tibia, or calcaneus without expo-

sure to X-ray.

FIGURE 1—Dowager’s hump—one of the first symptoms of osteoporosis in older adults.
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Bone Mineral Density testing is recommended based on

the individual’s risk profile and is recommended for all post-

menopausal women under the age of 65, who demonstrate
one or more additional risk factors, and all women over the
age of 65."

COULD I BE AT RISK?

Theoretically, everyone is at risk for developing osteoporosis;

certain factors may accelerate the process (Table 1). Although

hereditary risk factors cannot be modified, others are related

to lifestyle and can be changed to produce a life-enhancing or

life-saving result.

HOW CAN 1 PREVENT IT?

There is no cure for osteoporosis. Although bone density can

be increased, the bone can’t be fully restored. Prevention is

essential and can begin during childhood. The best preventive

defenses for osteoporosis include the following:

Non-modifiable Potentially Modifiable

+ Gender (*Female) + Cigarette Smoking

+ Ethnicity + Low Body Weight
(*Caucasian and Asian (*Less than 127 pounds)
closely followed by African- * Low Levels of Sex

American and Hispanic) Hormones

Balanced Diet
A general well-balanced diet using the food pyramid is recom-
mended with special attention to adequate calcium intake
(Table 2—Optimal Calcium Intake). Important sources of
dietary calcium include low-fat dairy products, leafy dark-
green vegetables, and foods fortified with calcium. Calcium
supplements may be needed.

Vitamin D is necessary for absorption of calcium. Vitamin
D is synthesized in the skin via exposure to sunlight. Sources
of dietary Vitamin D include fortified milk and cereals, egg
yolks, salt-water fish, and liver. Vitamin D production decreas-
es with aging. Those at risk for deficiency (elderly or house-

bound individuals) should consider a supplementary source.

Recommended daily intake is 400-800 IU."

Exercise
Weight-bearing and resistance exercises are beneficial to
increasing muscle mass and bone mass and density. Bone is

living tissue that responds to the demands of exercise by

Infant—Child—Adolescent—Young Adult (Male/Female)

+ Birth-6 Months 400
* 6-12 Months 600
* 1-5Years 800
* 6-10 Years 800-1,200

* 11-24 Years 1,200-1,500

Advanced Age
Personal and Family
History of Fracture

Dementia

Other Medical
Conditions—Non-
treatable

Body Size

(* Small framed individuals)

*

(Female—Estrogen,
Male—Testosterone)
Alcoholism

Poor Nutrition

Other Medical
Conditions—Treatable
Inactivity

Indicates greatest risk

Adult Female
25-50 Years 1,000
Over 50 Years 1,500
(Postmenopausal— Without Estrogen Therapy)
Over 50 Years 1,000
(Postmenopausal— With Estrogen Therapy)
Over 65 Years 1,500

Pregnant and Lactating 1,200-1,500
Adult Male

25-65 Years

Over 65 Years

1,000
1,500

Note: Calcium intake of up to 2,000 mg per day appears to be safe in
most adults. Adapted from National Institutes of Health.*
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becoming stronger and more dense. Exercises that Bone Density Testing

combine the two types of exercise are ideal. BMD testing is the only way to diag-
During weight-bearing exercise (eg walking, nose osteoporosis. Early diagnosis is

dancing, and tennis), the muscles and bones crucial to a positive treatment out-

work against gravity. This kind of exercise come.
has been shown to improve overall health,
improve strength and balance (reducing Medication

The Food and Drug Administration (FDA) has

approved four medications for the prevention and/or

the risk of falls), and modestly increase
bone density.

Resistance exercises, such as weight treatment of osteoporosis.
lifting, swimming and bicycling, increase
WHAT ARE MY TREATMIENT OPTIONS?

Recommended treatments for osteoporosis are similar

muscle mass and bone strength.
Healthy lifestyle to the steps used in prevention. Early detection of
Healthy lifestyle not only refers to a bal- the disease will allow for early intervention to slow
anced diet and a healthy exercise program, or stop bone loss, increase bone density, and
but also to avoiding tobacco use and alcohol reduce the risk of fracture. Patients may be
abuse. Smoking has been shown to speed the asked to improve their diets, stop smoking,
rate of bone absorption. Alcohol abuse has not reduce alcohol intake, and increase weight-
been shown to affect bone density, but increases bearing exercise. Additionally, four pharma-
the propensity to fall.” Moderate alcohol use may cologic options are currently approved by
actually be associated with higher bone density the FDA for prevention and treatment of

in postmenopausal women." osteoporosis.

A B C Vertebral compression fracture

FIGURE 2 Osteoporotic Changes Affecting the Spine. Normal spine (), moderately osteoporotic spine {B), severely osteoporotic spine (€).
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A

FIGURE 3 Micrographs of Normal (A) and Osteoporotic {B) Bone. Reproduced from ] Bone Miner Res 1986; 1:15-21 with permission from the American

Society for Bone and Mineral Research.

1. Estrogen Replacement Therapy (ERT) and Hormone
Replacement Therapy (HRT)

ERT is approved for both prevention and treatment of Type |
osteoporosis. Evidence shows ERT effective in reducing bone
loss and increasing bone density in both the spine and hip
reducing the risk of fracture. ERT is taken orally or absorbed
through the skin from a patch and is effective even if it is
started after the age of 70. An increased risk of developing
breast cancer and endometrial cancer has been demonstrated.
Women with intact uteruses benefit from a combination of
cyclic ERT and HRT (using progestin) to reduce that risk.

Additional benefits of ERT/HRT are relief of the symptoms
of menopause and increased cardiovascular health. Side effects
include bloating, breast tenderness, high blood pressure, and
nausea.

ERT/HRT is not recommended for everyone. The risks and
benefits of estrogen and hormone replacement therapy must
be presented by the health care provider to allow the patient

to make an informed decision.

2. Alendronate
Alendronate is a bisphosphonate that is approved for both

prevention and treatment of Type 1 osteoporosis. The preven-

tative dose is 5 mg; the treatment dose is 10 mg. Alendronate
is effective in reducing bone loss and increasing bone density
in both the spine and hip, reducing the risk of fracture. The
drug is taken orally, and the manufacturer recommends that it
be taken with a full glass of water on an empty stomach. The
individual should then remain in an upright position for at
least 30 minutes and wait at least 30 minutes before eating to
reduce the side effects of nausea, heartburn, and irritation of
the esophagus. Additional side effects include musculoskeletal
and abdominal pain.

Alendronate has recently been approved for treatment of

osteoporosis induced by long-term steroid use.

3. Calcitonin

Calcitonin is a naturally occurring hormone that regulates
calcium and bone metabolism. It is shown to slow bone loss
and increase spinal bone density, while possibly relieving pain
associated with fractures. Administration of the drug has been
approved by the FDA for treatment (not prevention) of osteo-
porosis and does not show a reduction of non-vertebral frac-
tures. Calcitonin is a protein; therefore, it cannot be taken
orally and is available by injection or as a nasal spray.

Injectable calcitonin may cause an allergic reaction, flushed
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face and hands, skin rash, nausea, and urinary frequency.
Runny nose is the only side effect that has been reported with

nasal calcitonin.

4. Raloxifene
Raloxifene is from a new class of drugs called Selective
Estrogen Receptor Modulators (SERMs) and is approved for
prevention and treatment of osteoporosis. SERMs appear to
prevent bone loss throughout the body and to actually
increase bone mass. A 50 percent reduction in the risk of
spine fractures has been demonstrated following three years of
drug therapy. Raloxifene does not appear to negatively affect
uterine or breast tissue and side effects, while few, include hot
flashes and deep vein thrombosis.'

Other pharmaceuticals that are under investigation for use

in preventing and treating osteoporosis are sodium fluoride,

vitamin D metabolites, estrogen receptor modulators, parathy-

roid hormone, and other forms of bisphosphonate and SERMs.

NEED FOR AWARENESS
For a disease that is highly preventable, osteoporosis has a
huge impact on Americans and the American health system.
Direct medical costs associated with osteoporosis and the
ensuing fractures are currently $38 million per day. For
women in this country, the risk of a hip fracture is equal to
the combined risk of breast, uterine and ovarian cancers.!
The month of May is National Osteoporosis Prevention
Month. Take time this month to share this information with
family, friends and co-workers who are at risk. For more infor-
mation about Osteoporosis and the National Osteoporosis
Prevention Month, check out the National Osteoporosis

Foundation Web site at www.nof.org.

* More than 2 million
American men are affected
by osteoporosis.

* Another 3 million or more
are at risk for the disease.

* 80,000 men suffer osteo-
porotic hip fractures every
year (figures on wrist and
spine fractures have not
been tracked).

* Nearly 27,000 (roughly 1/3)
of the men suffering osteo-
porotic hip fractures will die
within one year of the frac-
ture.?

Osteoporosis in men is believed
to be under-diagnosed and
underreported. Unfortunately,
research has been focused on
Type | postmenopausal osteo-
porosis. Therefore, information
about the disease and treatment
decisions for men affected by
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osteoporosis have been based on
information and treatments that
have been developed for women,
although the pathogenesis of the
disease is thought to differ
between the genders.

The limited osteoporosis
research that has been done on
men shows that the disease dif-
fers from osteoporosis in women
in the following ways.

* The bone loss seen in men is
more gradual than in
women.

* Both lose trabecular bone,
but in males the loss is
attributed to reduced for-
mation, and in females the
loss is attributed to
increased resorption.

* Correlation of low testos-
terone levels to reduced
bone mineral density (BMD)

has not yet been deter-
mined.®

Several risk factors have been

associated with osteoporosis in
men.

* Chronic disease (myeloma,
alcoholism, adult onset celiac
disease or hypogonadism)®

* Prolonged exposure to cer-
tain medications (steroids,
anticonvulsants, chemother-
apeutics, and antacids that
contain aluminum)

* Low testosterone levels

* Lifestyle (alcohol use, smok-
ing, poor nutrition, inadequate
weight-bearing exercise)

* Age

* Heredity

* Race (osteoporosis is found
in males of all ethnic back-
grounds, but white males
appear to be at greatest risk)’



QUESTIONS FOR FURTHER
CONSIDERATION:

1. Is there a difference between a
disease and a condition?

2. Are you at risk for osteoporosis?

3. What steps will you take to pro-

tect your bone health?
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“The lace symbol was designed by the National Osteoporosis Foundation
to emphasize the importance of the fight against osteoporosis.The ivory
color represents the outer appearance of the bones, while the lace sym-
bolizes the intricate lattice-like inner architecture of the bone.”

MAKE YOUR OWN!
Supplies * Seven inch length of 1/2 inch wide ivory-colored lace
* Straight pin
Instructions ¢ Fashion a loop with the strip of lace
* Fasten with straight pin, drop of glue, or stitch
* Embellish if desired (suggestion: pearl or bead placed
(glued or sewn)—at the point where lace crosses over
itself)

Used with permission of National Osteoporosis Foundation, Washington, DC 20037
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a novel approach to lumbar disc
degeneration and herniation



The fact that America's population is aging is
not news, but ground-breaking therapies to
deal with age-related problems are notewor-
thy. Disc degeneration is a common problem
inolderadults.With age or injury, cracks or fis-
sures develop in the wall of the interverte-
bral disc. Filled with small nerve endings and
blood vessels, these fissures pose a chronic
source of pain for many patients. Additionally,
theinnerdisc tissue (nucleus pulposis) will
frequently bulge (herniate) into these fissures
in the outer region of the disc, stimulating
the pain sensors within the disc.



FIGURE1

Disc degeneration and

disc herniation.

ntraDiscal ElectroThermo Therapy™ (IDET™)
is a minimally invasive treatment in which the
physician applies controlled levels of thermal
energy (heat) to a broad section of the affected
disc wall. This heat contracts and thickens the
collagen of the disc wall and raises the tempera-
ture of the nerve endings. Therapy may result in
contraction or closure of the disc wall fissures, a
reduction in the bulge of the inner disc material,
and desensitization of the pain sensors within
the disc itself.

Bone and ligament anatomy supporting the
spinal cord

Vertebral Column

The spinal column has 33 vertebrae joined by
ligaments and cartilage. The cervical thoracic
and lumbar vertebrae are mobile, but the sacral
and coccygeal segments are fused to form the
sacrum and coccyx.! There are seven cervical,
twelve thoracic, five lumbar, five sacral, and four
coccygeal (Cocl to Coc4) vertebrae (Figure 2).
Aging may cause sacralization (fusion of the
sacrum and the L5 vertebra) or lumbarization
(non-fusion between the sacrum and the S1 ver-
tebra), and congenital spinal variations with par-
tial or complete fusion. Identifying congenital
abnormalities is important in the patient with a
herniated lumbar disc, since the surgeon must
identify the level of the ruptured disc. The level is
determined by counting the vertebral bones on
routine thoracic and lumbosacral X-rays and
correlating the level with imaging studies. Addi-
tionally, the L5 and S1 vertebrae may be identi-
fied at the time of surgery by their mobility and
resonant timbre, the L5 vertebra being mobile
and having a sharply resonant sound upon tap-
ping. If levels are questionable, intraoperative X-
rays will provide positive identification.

The vertebral column has an S-shaped curve
when viewed laterally. The cervical and lumbar
spine are lordotic and the thoracic spine is
kyphotic. The term normal lordotic refers to
ventral convexity. Kyphosis, or “hump back,”
occurs with cervicothoracic tumors, trauma,
osteomyelitis, degenerating spondylosis, and in

anklyosing spondylitis.2 Straightening of the
lumbosacral spine or abnormal lordosis can be
seen in discogenic disease, trauma, tumors,
stenosis, and paraspinal muscle spasm.

Vertebrae and Lumbar Spine

Although the lumbar vertebrae are massive com-
pared to other regions, traumatic fractures do
occur regularly in the lumbar region, but neuro-
logic injury is less common than in injuries at
higher levels. The L1 vertebra is most prone to
fracture as it lacks the rib cage support of its
more rostral counterpart, the T12 vertebra.

Importantly, the lumbar spinal canal has an
average AP diameter of 15 to 25 mm.! A diame-



ter of less than 12 to 13 mm is considered diag-
nostic of lumbar stenosis. Neurogenic claudica-
tion, a symptom of spinal stenosis, is a common
and disabling disease that causes bilateral and
posterolateral leg pain, cramping and weakness.
Compromise of the AP diameter of over 50 per-
centis usually associated with neurologic deficit.?

Compression fractures require decompres-
sion and stabilization through anterior and pos-
terior routes. One such treatment for this is
interbody fusion. The article, “Operative Solu-
tions to Axial Lumbar Pain” in the May 2000
issue of the Journal, details the anatomy of the
vertebrae and lumbar spine, as well as proce-
dures for anterior and posterior lumbar inter-
body fusions.

Intervertebral Disc

Intervertebral discs are made up of a central
core, the nucleus pulposus, surrounded by bands
of fibrous tissue, the annulus fibrosis. In the
annulus, the fibers are arranged in concentric
rings so that each successive ring has a different
slant than that of the preceding one (Figure 3).
This criss-cross arrangement of the fibers gives
elasticity to the annulus. Under normal tension,
the fibers of two adjacent layers are lengthened
and thinned, while with compression they are
shortened and broadened. The most peripheral
fibers of the annulus insert into the edge of the
bone of the vertebral body. The remainder insert
into the hyaline cartilage that lies superior and
inferior to the disc, covering the cancellous bone
of the vertebral body.

The chief component of the nucleus pulposus
is a mucoid material containing embedded retic-
ular and collagenous fibers. The nucleus con-
tains 70 to 80 percent water, which gradually
decreases from birth to old age. The nucleus is
not quite centrally placed, positioned somewhat
posterior to the center of the body of the verte-
bra. The posterior annulus fibrosus behind the
nucleus pulposus is thinner than it is in front of
the nucleus.

With its high water content, the nucleus pul-
posus itself is essentially incompressible. Howev-
er, the pliability of the nucleus pulposus and the

compressibility and stretch of the
annulus allow the shape of the disc as
awhole to be changed, permitting the
movement of one vertebra upon the
next.*

The discs contribute about 25 per-
cent of the length of the vertebral
column above the sacrum. Their
high water content means that
they are subject to dehydration. As
the structure of its polysaccha-
rides undergoes change, the disc
loses much of its hydrophilic
property,?® resulting in dehy-
dration. In addition, fibers of
the internal layers of the annu-
lus fibrosis grow progressively
into the nucleus pulposus.

The disc becomes amor-
phous, sometimes discolored,
and increasingly fibrotic. It
develops more tears, loses
height, and frequently breaks
through cartilaginous plates into
the vertebral body, protruding or
expelling fragments out of the inter-
vertebral spaces into surrounding
areas. This results in pressure on adja-
cent structures and contributes to the
development of hypertrophy of the
adjacent bone edges, producing osteo-
phytes, a process that, in the extreme,
results in traction spurs.*

As the spinal cord passes through the
spinal canal, it gives off nerve roots
which exit through the neural forami-
na into spaces maintained rostrally
and caudally by pedicles, dorsally by
the facets, and ventrally by the adjacent
surfaces of the vertebral bodies and the
intervertebral discs.

Degenerative changes of the inter-
vertebral discs and the adjacent verte-
bral bodies, or of the bony facets, com-
promise the spinal canal and neural

foramina. Discs protrude or herniate.
Osteophytes develop at the edges of the

FIGURE 2
Image of
entire
spinal

column.
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FIGURE 3

The intervertebral disc.
Note the concentricrings
of the annulus fibrosis
and the central nucleus

pulposus.
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vertebrae, or facets and bony misalignments
occur.

Mechanism of IDET

The idea of electrothermal annuloplasty was first
conceived by Jeffrey A Saal, MD, and his brother,
Joel S Saal, MD, in conjunction with Gary S Fan-
ton, MD. These three doctors founded Oratec
Interventions, Inc to develop techniques and
instrumentation for the modification of collagen
with the use of thermal energy. The doctors had
first used human cadavers for a benchmark
study of IntraDiscal ElectroThermal therapy.
After several trials on cadaveric and animal
models, the authors concluded that the whole
nucleus pulposus was reduced by 7 percent and
the focal point of contact between the disc and
electrode was reduced by 20 percent.”

A pilot study was then initiated with 37
patients who had pain reproduction following
discography. The patients were given the option of
aninterbody spinal fusion or IDET. All 37 patients
chose the IDET procedure. After the study, 28 of
the patients had reported reduction of their pain
by 57 percent, improved sitting tolerance, and
reduction of their pain medications.” None of the
patients developed any neurological deficit or
radicular pain as a result of the procedure.

The doctors had proven that thermal energy
has profound changes in the collagenous and
neurovascular annular structures of the degen-

erated discs. The collagen fiber molecules com-
posing the annular wall are held in a triple helix
structure by heat-sensitive hydrogen bonds. Pre-
cise levels of thermal energy break these bonds,
contracting and thickening the molecules and,
ultimately, the fibers.® An excellent analogy of
this process is the reaction of a plastic wrap to a
heat source. Within a certain period of time, the
wrap will shrink.

Room set-up

The IDET procedure can be performed in any
setting that is capable of fluoroscopy. At Bon Sec-
ours Hospital, the team uses the operating room
for the comfort of the patient, since some seda-
tion is required for the procedure. An electric
operating table capable of accommodating the
fluoroscope is necessary to allow the surgeon to
guide the needle(s) into the disc space(s) (Fig-
ure 4). Ideally, a bi-plane C-arm should be used
for instantaneous images of the AP and lateral
plane of the spine. However, a standard
fluoroscopy unit will suffice. A small back table
or the top of a case cart is adequate for the mini-
mal amount of instrumentation and supplies
needed to perform the procedure. The room is
kept absolutely quiet during the procedure.
Direct communication between the patient and
the surgeon is very important to help guide the
needle into the disc space and for the actual
“heating” of the disc.

mon © Michael Reingold



Patient preparation

Prior to the IDET procedure, the patient under-
goes a procedure called a discogram. Using the
same approach described for IDET, the surgeon
overinflates the disc with contrast media to
recreate the patient’s symptoms. This exam
allows the surgeon to visualize the disc itself by
looking at the X-ray films (Figure 5).

The patient is given 2 g of Cefazolin IV piggy-
back as a preoperative antibiotic. Muscle relax-
ation and anxiety reduction is achieved with 1
to 5 g of Midazolam (Versed) titrated based on
patient need. If the patient becomes too sleepy
during the procedure, Romazicon (.1 to .3 mg
over 15 seconds) may be given to help reverse the
Midazolam.

The patient is placed in a prone position on a
well-padded table with blanket rolls and pillows
to simulate a Wilson frame.

Surgical preparation
Preoperative scout fluoroscopy images are taken
to align the vertebral bodies in the AP as well as
lateral planes. The surgeon must line up both
pedicles of the vertebral body to ensure that he
or she is on the right trajectory into the disc
space without entering the spinal nerve foramen.
The C-arm is then moved away for the prep of
the skin.

The skin prep consists of mechanically scrub-
bing the patients back for 10 minutes with a half-

FIGURE4

The operating room set-
up.The electric operating
table s reversed to
facilitate the use of the
fluoroscopy unitand the
case cartis utilized as the
back table.

FIGURE5

The Discogram X-ray
shows the disc spaces of
L3-L4,L4-L5,and L5-
S1.Note the annular
degeneration of the L 5-

STinterspace.
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FIGURE 6
Very few instruments are
required to perform the

IDET procedure.

and-half mixture of Betadine scrub and solu-
tion. After blotting the mixture with a sterile
towel, the assistant changes gloves and proceeds
to paint the skin with Betadine solution.

The draping of the site only consists of four
cloth towels secured with towel clips. This is
strictly the surgeon’s preference.

Instrumentation

The same instrument set may be used for discog-
raphy and IDET procedures (Figure 6). It con-
sists of an instrument stringer, preferably one
that has a swivel end, a long Kelly clamp, Crile
hemostatic forcep, and a pair of straight Mayo
scissors. Along with the basic instrumentation,
introducer needles (17 g,6"),an 18 g 6" spinal
needle, and the SpineCATH™ are needed to
complete the procedure.

Operative procedure

The C-arm is brought back into the field. Using
the instrument stringer as a pointer, images are
taken to determine the entry point of the needle
in the skin. The appropriate intervertebral levels
are selected and marked with a sterile marking
pen. These marks are then transferred 6 cm lat-
eral to the midline for a far-lateral approach to
the disc space (Figure 7). The skin is infiltrated
with 0.5 percent Marcaine drawn up ina 10 cc
slip-tip syringe mounted to a 30 g needle. The
needle size is the surgeon’s choice, but a 30 g nee-
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dle works very well. The patient should feel no
more pain than when having an IV line started.

Once the entry site(s) have been sufficiently
anesthetized, the spinal needle is introduced
through the skin and through the subcutaneous
fat. X-ray images are used to confirm the trajec-
tory of the needle in the AP as well as the lateral
plane to confirm that the needle is not heading
too far medially toward the foramen. Just before
the thoracolumbar fascia is entered with the
spinal needle, the stylet of the needle is removed,
and the syringe containing Marcaine is attached
to the needle to add alittle more anesthetic to the
site. Entrance without Marcaine is quite painful
and should be avoided.

Once the needle approaches the disc space,
the surgeon will ask the patient to describe any
pain in the back, hip, or leg. This is important
because any type of radicular pain down the leg
indicates that the needle may be brushing up on
anerve root. If this is the case, the surgeon has to
withdraw the needle and reposition it. Once the
disc space is entered, a slight amount of resis-
tance is met, but very little is felt once the needle
is placed. These steps are repeated for as many
levels as are being treated.

IDET

Once all the needles are in place, the surgeon
may opt to distend the affected disc spaces with
saline to confirm that the disc spaces are indeed



the ones causing the problem. Once this step is
done, the SpineCATH™ is inserted through the
spinal needle and into the disc space. In a staged
fashion the flexible catheter is advanced along
the inner annular margin until the resistive heat-
ing coil rests along the dorsal inner annular wall,
ideally achieving full 360° penetration (Figures 8
and9).

Electrothermal heat is generated in the heat-
ing section of the catheter starting at 65° C and
increasing incrementally to 90° C, a process that
can take 14 to 17 minutes. During this portion of
the procedure, it is normal for the patient to feel
some discomfort deep in the back. But, if the
pain starts to radiate down the leg, the generator
is stopped. If the generator is too close to the
annular wall and the nerve root or spinal cord is
being heated, the catheter is repositioned in the
disc space.

In the catheter treatment, the surgeon heats a
very large section of the disc, usually, from the
three o’clock position to the eight o’clock posi-
tion of the back wall of the disc.

Complete treatment of one disc takes about
hour. Once the desired levels are treated, the
SpineCATH™ is withdrawn, the spinal needles
are withdrawn swiftly, the back is washed of the
prep solution, and small dot-type adhesive ban-
dages are applied to the skin. The patient typical-
ly recovers in the hospital anywhere from 40 to
60 minutes before going home.

Postoperative management

For most people there is a period of mildly
increasing pain lasting a few days or weeks after
the procedure. The normal treatments pre-
scribed for this are rest, ice, pain medications,
and anti-inflammatory medications. The patient
is instructed not to exert him or herself for the
first few weeks, including no housework, lifting
or bending. Short walks are restricted to 15-20
minutes, but are not advised within the first
postoperative week. Gradually over a month,
patients may do light lifting, but they are still
restricted from bending, twisting, or heavy lift-
ing. Within the second, third, and fourth postop-
erative month, the patient is instructed to main-

FIGURE7
The trajectory of the
spinal needle into the

disc space.

FIGURE8
SpineCATH™ electrodes
inthe discs of L4-L 5and
L5-S1areapparent on
these X-rays.The
electrode sits along the
dorsalinner annular wall
providing a full 360-

degree penetration.
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FIGURE 9
Thermal heating of

the annulus fibrosis.

tain good body mechanics. If the patient chooses
to do 