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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.1 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.2,3

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.4,5 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.4

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.4

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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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.5 Instead of turning to

healers and bonesetters, parishioners prayed to saints for heal-

ing.4 When all else failed, they turned to priests for help.5

For almost 1,000 years, there were no medical schools or

other form of medical training in Western Europe.4 Priests

studied Latin, making them the only ones able to read and use

information from medical treatises. By 1100 ACE, the church

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.5 A later act extended the same rules to

physicians. The priests’ servants, the barbers, were the only

ones permitted to perform surgical operations.4,5

QUACKS AND TRADES

Because of their day-to-day interaction with people, barbers

had the opportunity to perfect their techniques. Working with

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.”4

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.4

By the 5th 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.4

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.4 Church leaders believed
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money and bring hope to the sick.6 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.4

THE ORIGIN OF ORTHOPAEDICS

The 17th century brought a better understanding of anatomy,

the discovery of the circulation of blood, and a new technique

for amputation using a flap.4 During that time, society’s view

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.7

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, L’Orthopedie,

was created by joining two greek words—orthos (meaning free

from deformity) and paideia (meaning child).2,7 The book, origi-

nally published in 1741, was translated into English, Belgian and

German, spreading André’s techniques around the world.2

the poor, they could observe and experiment without much

fear of retribution. Fractures had to be set; aching teeth had to

be pulled.6 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.5,6

By the 15th 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.4

In addition to those who had the legal right to practice,

other kinds of healers did what they could to make a little
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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.1

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 1918.1,8

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.2 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.1

The tradition lives on.
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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.2,7

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.7

The 18th 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.7

BRINGING FRACTURES INTO THE FOLD

Several factors from the 18th and 19th centuries influenced the

transition from bonesetting to today’s orthopaedic surgeon.

John Hunter’s research on tendon healing paved the way for

tendon surgery.7 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.1 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.1

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.1,8

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.1,8

The canal connected the port of Liverpool to the manufactur-

ing capital of Manchester. Jones set up surgical centers along















































































































AL
FU

SIO
N�Roger Mullis, CST

In the normalaging process, the watercontent in the nucleus of the
spinal disc commonly decreases

with time, leading to disc degenera-
tion. In a study by Gore and colleagues,

researchers discovered that by 60 to 65
years of age, 95% of men and 70% of women

had at least one disc level with degeneration

on the cervical spine.1Statistics for the number of spinal surgeries

performed annually are already high. AccordingC to the American Association of Neurological Sur-

geons’ 1999 Procedural Statistics, total number

I V R EC ROI RETNA

of spinal procedures topped a half million that

year. Of those, more than 111,000 were func-
tional arthrodeses, and almost 78,600 were
anterior discotomies.2 A majority of both of

these procedures were performed on the
cervical spine. As the Baby Boom popu-

lation continues to age, the number
of surgeries and need for thisexpertise will continue toincrease. 



oOverview 
Anterior cervical fusions (ACFs) have been rou­
tinely performed since the late 1950s when the 
procedure was first introduced. A small incision 
is made on the anterior neck just lateral of mid­
line. After meticulous dissection, the operative 
level of the cervical spine is identified and 
exposed. The cervical disc is removed, relieving 
pressure on the spinal cord and nerve roots. The 
disc is then replaced with either the patient’s own 
bone graft from the iliac wing (autograft) or 
bank bone (allograft). Artificial grafts can also be 
utilized; however, this article will not address 
artificial grafts since they account for less than 
1% of cases. 

Anatomy 
The cervical spine is composed of seven verte­
bral bodies, commonly referred to as C1 through 
C7. The cervical spine has a lordotic curve (a 
backward “C” shape). The major difference 
between the cervical spine and the rest of the 
spine are the transverse foramina, located in the 
vertebral bodies that allow passage of vertebral 
arteries and veins. 

There are three distinct anatomic regions to 
the cervical spine: the atlas (C1), the axis (C2), 
and the remaining cervical vertebra (C3 through 
C7). The discs of the cervical spine are anatomi­
cally identical to the discs found in the rest of 
the spine. The disc is composed of the annulus 
fibrosis and the nucleus pulposus. The annulus is 
a fibrous ring-like structure, which serves to con­
nect the vertebral bodies. In the center of the 
annulus is the nucleus. The nucleus, which has 
an almost “crab meat” type texture, acts along 
with the annulus as a shock absorber against 
loading on the spine. The annulus is weakest at 
the posterolateral margin. Ligaments provide 
less support in this area, making herniation of 
the nucleus much more common (Figure 1). 

Patient indications 
In a study by Kelaey and colleagues, researchers 
found that acute cervical disc herniations affect­
ed people in their fourth decade more than any 
other age group.1 The male to female ratio was 
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1.4 to 1, and the vast majority of those had 
involvement at the C5-C6 and C6-C7 levels. 
They also found that factors such as frequent 
heavy lifting at work and direct trauma to the 
neck (eg whiplash-type injury) can lead to ACFs. 
In the aforementioned study, doctors found that, 
of 205 patients that were followed for a mini­
mum of 10 years after the onset of their pain, 
79% had a decrease in pain, while 43% were now 
pain free. Persistent moderate-to-severe pain 
was seen in 32% of patients. 

The vast majority of possible ACF patients 
present with complaints of moderate-to-severe 
neck pain. Symptoms include arm pain (either 
bilateral or unilateral), shoulder pain, loss of 
motion, weakness, paresthesia, severe headaches, 
even the legs can be affected. Surgery is not usu­
ally indicated unless the patient does not 
respond to six weeks of conservative treatment, 
has major neurologic deficit, or non-improving 
significant deficit. 

The symptoms that can lead to ACF are also 
associated with rotator cuff disease, shoulder 
pathology, impingement syndrome, or instability. 

Room set-up and instrumentation 
Beyond instrumentation, pay particular consid­
eration to patient positioning equipment. After 
the patient is put under general anesthesia, 
he/she should be placed in the supine position. 
Every effort should be made to keep the patient 
comfortable and well padded. This is accom­
plished with the aid of egg crate foam placed on 
the bed, along with foam heel padding and pil­
lows or bolsters under the knees keeping them 
slightly bent. These efforts are important to pre­
vent decubitus ulcers. Antiembolism sleeves or 
stockings should be placed on the legs as well. 
The placement of a Foley catheter is recom­
mended for cases that are estimated to last four 
hours or longer. 

It is important to keep access to the hip avail­
able if the surgeon has indicated that autograft 
will be used. Many surgeons prefer to place a 
padded bump (either a sandbag or an IV bag) 
under the hip that will be used for harvesting 
the autograft. A second roll towel will be placed 
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under the patient’s shoulder to aid in extending 
the neck. After positioning, the patent’s entire 
anterior neck surface is prepped in the usual 
manner. A second prep kit is necessary for graft 
harvesting. 

Many surgeons will place a Gardner Wells 
Tongs to the patient’s skull, often with the aid of 
fiber optic endotracheal equipment so as not to 
endanger an already unstable neck, and add any­
where from 5-10 pounds of weight on the device. 
This technique accomplishes cervical distraction 
and avoids the need for placement of distraction 
pins in the vertebral bodies. Other miscellaneous 
equipment may include a fluid warmer, surgical 
microscope or loops, neuro-monitoring equip­

ment, a patient warmer, or an AGF (autologous 
growth factor) blood machine. 

Procedure 
After draping, a 4 cm incision is made just later­
al of midline. The anterior approach is very ver­
satile and, while the vast majority of incisions are 
made on the patient’s right side, either side is 
acceptable. The side chosen for incision is most­
ly a matter of surgeon’s preference. The left side 
may be preferred because of the anatomy of the 
recurrent laryngeal nerve. On the left side, the 
nerve is in the carotid sheath, then loops under 
the aortic arch and ascends in the neck, where it 
is protected by the esophagus and trachea. On 

FIGURE 1 

Herniated disc 
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FIGURE 2 the right side, the nerve will exit the carotid 
sheath at a higher level and cross the surgical 

Disc material field. The nerve is more susceptible to injury 
with a right-sided approach, but injury can 

being removed occur on either side. 
Meticulous dissection and identification is vital 

C4 to avoid injury. Hemostasis is accomplished while 
C5 the carotid sheath and sternocleidomastoid mus-

disc space cles are moved laterally. The esophagus is moved 
and held medially with hand-held Cloward retrac­
tors. At this point, it is important to identify the 
affected disc space with X-ray. An 18 gauge spinal 
needle, bent in a “stair-step” style is placed directly 
in the disc. After X-ray, the self-retaining retractor 
is placed. Our facility uses both the Shadowline 
and Trimline style of ACF retractors. While the 

FIGURE 3 blades for the retractor that are being placed both 
medially and laterally can have teeth; the superior 

Graft in place and inferior blades should have no teeth to pro­
tect the cartoid sheath and the esophagus. 

(single level ACF) Now that the proper cervical spine level has 
been identified and the retractor placed, removal 

C4 of the disc can begin (Figure 2). A #15 blade is 
C5 used to make a small stab wound in the annulus 

disc space of the disc. The bulk of the disc is carefully 
removed with pituitary rongeurs. After removal, 
the surgeon may choose to place distraction pins 
into the vertebral bodies above and below the 
affected level. After the distracter is placed onto 
the pins and distraction is achieved, the disc space 
is opened approximately 1-2 mm more than its 
normal height. This will allow a more thorough 

FIGURE 4 removal of disc and easier placement of the 
replacement graft. After complete removal of the 

Final plate on disc, any prominent bone spurs are removed to 
alleviate any impingement of either the nerve 

graft roots or the spinal cord itself. A caliper is then 
used to measure dimensions of the graft. After 

C4 measurements are taken and recorded, the graft 
C5 can be harvested from the patient’s iliac wing or 

interbody graft the allograft can be shaped for placement. 
Codman plate If the surgeon and patient have agreed on the 

use of allograft, it is very important to follow the set 
guidelines for sterile handling. Soak the graft in 
antibiotic solution per the manufacturer’s instruc­
tions (usually 30 minutes). The graft can now be 
shaped precisely (following earlier measurements) 
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with a burr to fit the cleaned-out disc space. A pre­
cise fit is crucial, since a graft that is too large can 
lead to graft extrusion, and one too small can lead 
to intrusion. Intrusion of the graft could be disas­
trous, causing impingement of the spinal cord. 

The graft size is consequential because a prop­
erly fitting graft will fuse with the adjoining ver­
tebral bodies much sooner (Figure 3). The graft 
is then tapped into place using a precision bone 
tamp and small mallet. After placement, the graft 
is checked with a blunt nerve hook for impinge­
ment of the cord. If the surgeon is satisfied with 
the graft placement, the distraction pins can be 
removed and the screw holes sealed with bone 
wax to prevent bleeding. At this point, placement 
of a plate and screws would follow (Figure 4). 

On a one-level fusion, the use of instrumenta­
tion is at the surgeon’s discretion, as it is not 
always indicated. The use of plating on single-
level fusions would depend on a number of fac­
tors: the patient has indicated the desire to 
return to work and a normal lifestyle quickly, or 
the patient wants to avoid wearing a cervical col­
lar. On multiple-level ACFs, a cervical plating 
system is the standard of practice and is almost 
always indicated. These systems provide a higher 
fusion rate and better maintenance of cervical 
lordosis or curvature. 

Disadvantages of ACF 
Beyond the usual possible complications that are 
found with any surgery (eg infection, rejection of 
the graft, scarring), there are usually few, if any, real 
problems with a one- or two-level fusion. Problems 
that may occur include temporary sore throat and 
loss of voice. The greatest risk, of course, is for 
spinal cord damage; however, this is a very rare 
event. In a study by Flynn, of 82,000 cases, spinal 
cord injury occurred in 0.1% of cases.1 

As the number of levels increases, so do the 
complications. With any fusion, patients experi­
ence some loss of motion. With the single- or 
two-level fusion, this loss is often not noticeable 
by the patient. As more levels are fused, loss of 
motion increases. 

Another long-term consideration is the 
increased axial loading that is placed on the 

healthy disc spaces above and below the surgical 
site. As the number of levels increases, the axial 
loading on the adjacent healthy disc spaces is 
greatly increased, typically causing premature 
disc degeneration to occur over the next 15 to 20 
years. 

Summary 
Anterior cervical fusion is an important proce­
dure to the many patients who require it. The 
patient’s life has often been “put on hold” until 
this procedure can be performed. For many 
patients, this procedure is a life-altering event. 
The knowledge, continuing education and skill 
of the surgical team is paramount to positive out­
comes for the patients. As the technology for plat­
ing systems improves and advances, surgical tech­
nologists should anticipate being able to serve an 
aging and growing population even better. 
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Anatomy of the cervical spine 
In the cervical region, the C1 to C6 vertebrae 
contain transverse foramina that perforate each 
transverse process and also contain the vertebral 
artery en route to the cranium (Figure 1). The 
vertebral artery enters the cervical spine through 
the transverse foramen of the C6 vertebral body. 

The atlas, or C1, and the axis, or C2, are dis­
tinctive cervical vertebrate. The C1 vertebrae has 
neither a body nor a spinous process but consists 
instead of two lateral masses and two arches, 
anterior and posterior. Its superior facets articu­a

late with the occipital condyles, and its inferior 
facets with the axis, or C2 vertebrae. 

The atlas is prone to an axial compression frac­
ture by trauma, also know as a Jefferson fracture. It 
is also prone to ligamentous laxity and atlantoaxial 
subluxation. The atlas can be fused to the occiput, 
termed occipitalization, and is associated with a 
variety of craniovertebral junction anomalies, 
including basilar impression and invagination. 

Dimensions of the spinal canal in the cervical 
regions are important. As one proceeds caudally 
the diameter of the canal narrows. At the foramen 
magnum, the normal diameter is 26 to 40 mm 
and is acceptable with an average diameter of 34 
mm.1 A diameter less than 19 mm often leads to 
neurologic deficits. At the C5-C6 cervical level, an 
anterior-posterior (AP) diameter less than 12 to 
13 mm often is coupled with deficits and is 
indicative of spinal stenosis. The usual sagittal 
diameter at the C5-C6 level is 15 to 20 mm. 

Cervical disk disease 

Epidemiology 
Cervical disk disease is usually seen in males 
between the ages of 30 and 50 who present with a 
protruded intervertebral disk.2 However, cervi­
cal spondylosis is more common is older adult 
patients. Degenerative changes in the cervical 
spine are universal in the elderly age group, and 
clinical correlation is important. 

Pathogenesis 
In the patient presenting with cervical disk dis­
ease, the disk degeneration leading to referred 
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pain has several causes that should be explored. 
In older adults, the aging process and water con­
tent change within the disk is one cause for pain. 
Lifestyle events and posture are other important 
factors when seeing the patient with pain. 
Another important factor is autoimmune phe­
nomenon when ruling out causes for pain. 
Genetic factors and cigarette smoking are also 
very important. 

In cervical spondylosis, there are several 
changes that can occur. Loss of intervertebral 
disk height results in cord or nerve root 
impingement. Osteophytes that form at the pos­
terior zygapophyseal joints, neurocentral joints, 
and margins of the disk are another important 
cause of spondylosis in the cervical spine. If the 
spondylosis is left untreated, segmental instabil­
ity or a kyphotic deformity may result. 

Associated symptoms and signs 
The most commonly herniated disks in the neck 
are at the C5-C6 and C6-C7 levels.3 Laterally 
herniated disks at the C5-C6 level usually com­
press the C6 nerve root and produce paresthesis 
and numbness in their distribution. Pain radiat­
ing down the lateral side of the arm and forearm, 
often into the thumb and index fingers, and 
numbness of the tip of the thumb or on the dor­
sum of the hand over the first dorsal inter­
osseous muscle are often seen. There is frequent­
ly demonstrable weakness of the biceps muscle, 
and the biceps and radial reflexes may be dimin­
ished or absent. 

Herniation of an intervertebral disk at the C6­
C7 level usually irritates the C7 nerve root and 
may produce hyperalgesia down the medial 
aspect of the forearm to the ring and small finger 
and numbness of small and medial portion of the 
ring finger. The triceps muscle receives a large 
portion of its innervation through the C7 nerve 
root. It is often weak, a finding that is usually 
demonstrable if the reflex is depressed or absent. 

A herniated disk at the C7-T1 level compress­
es the C8 nerve root and may be responsible for 
hyperalgesia in the hypothenar portion of the 
ring and the fifth digits. Sensory changes extend 
up the forearm to about the junction of the mid­
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dle and distal thirds. Hyperalgesia in this distrib­
ution is helpful in distinguishing deficits result­
ing from compression of the C8 nerve root from 
those resulting from compression of the ulnar 
nerve at the elbow. 

Historical perspective 
The anterior approach to the cervical spine dates 
back to 1928, when Stuckey attempted to remove 
a chordoma via an anterior approach.2 Bailey 
and Badgley subsequently performed an anteri­
or stabilization technique for the treatment of a 
lytic tumor involving the fourth and fifth cervi­
cal vertebrae. This was followed by Robinson 
and Smith,2 who in 1955 described anterior dis­
cectomy and fusion with an onlay of iliac crest 
autograft for cervical spondylosis. This tech­
nique was similar to that described by Bailey and 
Badgley in that there was no direct decompres­
sion of the nerve root or spinal cord. 

This approach was thought to minimize the 
risk of neurologic complications from manipu­
lation of the nerve roots or spinal cord, decrease 
the risk of new osteophyte formation, stimulate 
osteophytes already present to regress because 
of the stability provided by the fusion, and 
reduce buckling of the ligamentum flavum and 
compression of the nerve root by distraction. 

Rationale of the anterior approach 
Although many modifications in the Robinson-
Smith graft technique have been developed, the 
approach to the cervical spine continues to pro­
vide easy access to the anterior spine today. Cur­
rently, the anterior approach is widely used for 
cervical spondylotic myelopathy involving three 
or fewer levels in patients with neutral or 
kyphotic sagittal alignment.4 Variations in graft­
ing and instrumentation are numerous, attemp­
ting to improve fusion rates, correct deformity, 
and reduce complications and morbidity at the 
operative and graft donor sites. These variations 
have led to the debate over discectomy with 
interbody fusion versus corpectomy and strut 
grafting, allograft versus autograft, and the use of 
supplemental internal fixation, which will be 
further explained in this article. 

C1 

C2 

C3 

C4 

C5 

C6 

C7 

Atlas (the first cervical vertebra) 

Axis (the second cervical vertebra) 

Spinous process 

Transverse process 

Vertebral body 

Rationale of interbody fusion and plates 
There is a majority in favor of an anterior cervi­
cal discectomy and interbody fusion (ACDF) in 
patients with cervical spondylotic myelopathy 
or myeloradiculopathy arising from either a 
soft disk herniation or osteophytes (hard disk) 
at a single level.5,6,7 The addition of instrumen­
tation as an adjunct to ACDF is increasingly 
being considered the treatment of choice for 
disease involving one to three cervical seg-
ments.6,8,9 

This is partly because the pseudoarthrosis rate 
has been shown to be inversely related to the 
number of fused segments and may be due to 
increased contact stress at the graft-body inter-

FIGURE 1 

Anatomy 

of the cer­

vical spine. 
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FIGURE 2 sis; (5) multilevel spondylosis 
with segmental instability; and 

Aesculap (6) multilevel spondylosis with 
ossification of the posterior lon-

Caspar gitudinal ligament. The advan­
tages of corpectomy and strut 

plating grafting are to provide more 
complete decompression, to 

system. decrease the risk of nonunion, 
and to restore a more normal 
cervical sagittal alignment.10 

Indications for instrumenta­
tion are evolving in the setting of 
anterior corpectomy and strut 
grafting. As with ACDF, instru­
mentation may enhance fusion 

FIGURE 3 rates, particularly when three or 
more levels are involved. In cer-

Medtronic tain instances, anterior plates 
may obviate the need for a poste-

Sofamor rior procedure or external 
immobilization in the early 

Danek postoperative period. The addi­
tion of anterior plates, particu-

Orion plat­ larly at the inferior aspect of long 
strut grafts, may prevent graft 

ing system. extrusion. 
The complication rate for 

anterior corpectomy and strut 
grafting increases as more cor­
pectomy levels are incorporated 

face and the increased number of surfaces over 
which fusion is expected to occur. 

Anterior corpectomy with strut grafting and 
instrumentation 
There are several situations in which anterior 
corpectomy and strut graft arthrodesis may pro­
vide a preferable alternative to ACDF. These 
include (1) single-level spondylotic myelopathy 
in which compression is occurring principally 
posterior to the vertebral body; (2) multilevel 
spondylosis involving three intervertebral levels 
or two vertebral bodies; (3) single-level or multi­
level spondylosis with accompanying cervical 
stenosis; (4) multilevel spondylosis with kypho­

into the procedure. The princi­
pal complications include pseudoarthrosis, graft 
displacement, and development of kyphosis. 
The choice between autograft and allograft bal­
ances the high complication rate associated with 
structural autograft harvest with the increased 
pseudoarthrosis rate reported with allograft. 

Anterior cervical instrumentation specifics 
In the past several years, there has been an explo­
sion in terms of the number of available hard­
ware systems and techniques for anterior instru­
mentation of the cervical spine. Concerns have 
been raised about complications associated with 
anterior instrumentation in the cervical spine, 
including hardware failure and implant disloca­
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tion leading to symptomatic dysphagia or 
esophageal perforation. The overall rate of hard-
ware-associated complications with all types of 
anterior instrumentation has been estimated at 
approximately 5%, with some reports as high as 
8%.11 Plate length has been correlated positively 
with rates of hardware failure; pullout at the infe­
rior end is the typical mode of failure.12 Of par­
ticular concern are reports of increased rather 
than decreased pseudoarthrosis rates associated 
with anterior plating following ACDF. Some 
investigators have hypothesized that anterior 
plates may function to maintain distraction 
across disk spaces, preventing graft settling and 
thereby inhibiting fusion.13 The debate continues 

the X-ray picture. If an autologous bone graft is 
to be harvested from the hip, a 10-pound sand­
bag is placed under the appropriate hip to bring 
the anterior iliac spine into view. The head is 
placed in a neutral position along the axial and 
saggital planes. Gardner Wells traction tongs are 
then placed on the patient, and he or she is placed 
into 15 to 17 pounds of traction (Figure 5). 

Fluoroscopic scout films are taken to identify 
the appropriate level. Once this is accomplished, 
the skin is scratched with a needle at the affected 
level. A marking pen is not used because the mark 
would wash off during the surgical skin prep. 

The skin prep consists of mechanically scrub­
bing the skin for six minutes with a 1:1 mixture 

as to which type of cervical plate 
is best suited for anterior cervi- FIGURE 4 
cal spinal fusion (Figures 2, 3, 4). 

Surgical 
Surgical preparation 
The patient is moved to the oper- Dynamics 
ating table and administered gen­
eral anesthesia via an endotra- Aline plat­
cheal tube. Cefazolin antibiotic (1 
gram) is administered along with ing system. 
1 gram of Solumedrol steroid. If 
severe spinal cord compression is 
present, 250 cc of 20% Mannitol 
and 40 mg of Lasix is adminis­
tered intravenously to decrease 
the volume of cerebral spinal 
fluid in the dura. 

The patient’s arms are padded FIGURE 5 
and tucked at the sides to prevent 
injury to the ulnar nerves. A small Final 
roll or 1000 cc IV solution bag is 
placed horizontally along the patient 
patient’s back, bringing into view 
the anterior border of the stern- position 
ocleidomastiod muscle. Both 
shoulders are pulled caudally uti- for anterior 
lizing 2-inch silk tape and 
attached to the foot of the table. cervical 
This maneuver is extremely help­
ful when trying to radiologically fusion. 
localize the lower cervical spine 
region, as the shoulders inhibit 
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of iodine scrub and iodine solution. After blot­
ting the site with a sterile towel, the circulator 
changes gloves and proceeds to paint the skin 
with the solution. If a hip graft will be harvested, 
the appropriate hip is also prepped in this man­
ner. The draping technique varies from surgeon 
to surgeon. 

Surgical procedure 

Soft tissue dissection (Figures 6, 7) 
Prior to making the incision, the scout X-ray 
films using fluoroscopy are checked again to 
confirm the correct levels. Using a #20 blade, a 
transverse anterolateral skin incision is made on 

the left side of the neck from the medial border 
of the sternocleidomastid muscle to the lateral 
edge of the trachea. Small surface bleeders are 
coagulated using a monopolar coagulator. The 
dissection is carried through the subcutaneous 
fat using the monopolar electrosurgical pencil. A 
small Gelpi retractor is then placed in the 
wound, and the dissection is further carried 
down until the platysma muscle is encountered. 
Using Metzenbaum scissors and Pott-Smith for­
ceps with teeth, the platysma is divided parallel 
to the skin incision. 

Subplatysmal dissection is carried 2 to 3 cm in 
all directions to gain exposure of multiple levels 
(Figure 8). Any large venous structures encoun­

tered in the dissection are ligated 
FIGURE 6 with 2-0 silk ties and divided 

using the bipolar cautery and 
Back Metzenbaum scissors. Pushers 

mounted on a Beckman (Tonsil) 
table clamp are used to separate the 

space between the anterior bor-
set-up. der sternocleidomastiod muscle 

and the pretracheal fascia and 
strap muscles. Again, this dissec­
tion is carried along the whole 
area that is to be fused. If the 
field is obscured by the omohy­
oid muscle, it can be divided 
electrosurgically. 

The longus colli muscles are 
the next structures to be 

FIGURE 7 encountered. They are separat­
ed from the anterior longitudi-

Mayo nal ligament and retracted later­
ally. Once sufficient exposure is 

stands achieved, an 18 mm hand-held 
Cloward retractor is placed in 

set-up. the wound, retracting the esoph­
agus and the trachea medially 
while the surgeon is utilizing the 
pushers and suction to retract 
the carotid sheath laterally. 

The underside of the trachea 
and esophagus are bluntly dis­
sected away from the anterior 
longitudinal ligament using 
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MARKET OUTLOOK Spinal Fixation and Instrumentation Charlie Whelan 

The market for products used in Fixation instrumentation, the nar hooks, plates and wire are also 
spinal surgery and rehabilitation rods, screws, plates and other used to varying degrees depending 
is one of the fastest growing sec- components used to fuse vertebral on surgeon preference and the 
tors of the US orthopedics indus- levels together, is the largest and needs of the patient. While pedicle 
try, both in terms of revenues and most lucrative sector within the screws are popular, facet screw sys­
in terms of technological innova- US spinal market. tems are also being used by some 
tion. In 2001, the US market for The US market for spinal fixa- surgeons who desire a less stiff, 
spinal implants alone was estimat- tion instrumentation was estimat- lower profile construct. Use of 
ed to have accounted for approxi- ed to have generated more than laminar hooks is reported to be on 
mately $1.3 billion in revenues. $951 million in 2001 and is fore- the decline as improved designs of 

The spinal surgery patient base casted to grow to more than $2 bil- pedicle screws replace them. As 
is expanding. Approximately 10 lion by 2008. Sales of constructs these more expensive pedicle 
million Americans seek treatment for use in the lumbar spine com- screws are used, market revenues 
for chronic back pain every year, pose nearly half of all revenues for have risen sharply. 
and 10 percent of those people the market. The cervical market is 
have surgery. Less invasive tech- growing rapidly, but the thoracic 
nologies, more spinal surgeons, market is growing at a more mod- Charlie Whelan is a consultant for 
and improved techniques and est rate. Frost & Sullivan, a San Jose, Cali-
technologies that improve success Pedicle screws, rods and trans- fornia-based growth consulting 
rates and allow for greater num- verse connectors are the most company. This information was 
bers of patients to qualify for important elements of most mod- excerpted from the report on US 
surgery have all lead to growth in ern fixation constructs in the lum- Spinal Surgery Markets, Frost & 
the market. bar and thoracic spine, but lami- Sullivan, July 16, 2002. 
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