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1. PREFAC E 

In many parts of the world, the treatment of lumbar disc disease takes up most of a 
neurosurgeon's and physíotherapísts' time. Rather, I will restrict my comments to 
lumbar disc hemiation with radicular symptoms, and specifically to the recognition 
and treatment of this entity along with some of the associated controversies. 

Patients with lumbar disc hemiation offer a wide range of joys and frustrations to the 
surgeons and therapists. After treatment they may be grateful or angry, athletic or 
disabled, hopeful or depressed. Patients can receive unnecessary surgery for a variety 
of psychological or socioeconomic reasons. An industry of physical therapy, 
psychotherapy, disability evaluation, and rehabilitation has grown up around these 
patients, whether or not they are subjected to surgery. 

In this thesis, the following topics will be addressed: History , background , anatomy , 
pathology, surgical and non-surgical treatments of herniated intervertbrallumbar disc, 
goals of the acute and sub acute phases of spínal rehabilitation; a revíew of the role of 
manual therapy for the treatment of spinal pain based on theoretical constructs, the 
literature, and clinical experience; the role of rest and exercise for the treatment and 
prevention of spínal injuries; discussion of specific exercise programs, including 
flexion, extension, and stabilization techniques. 

This thesis will be restricted to the diagnosis and treatment ofthe classic patients with 
a lumbar disc hemiation and radiculopathy. At the end I will discuss some of the 
controversial issues. 
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2. BAC.K.GROUND AND HISTORY F LUNIBAR DISC 
DISEASE 

Although there are references to lumbago and leg pain in the Bible and even earlier 
sources, the scientific evolution of lumbar disc disease as a surgical disorder began in 
1934 when Mixter and Barr published the first clinically adequate description of 
lumbar disc herniation as the cause of leg pain.<61

) Interest in the condition sub
sequently increased, but it was not until after the Second World War that surgery for it 
gradually became one of the most common elective procedures especially in the 
United States. 

1broughout this thesis, I want to differentiate back pain from lumbar disc disease. 
Back pain is an extremely common phenomenon.<SS) Nachemson estimated that 80 
percent of individuals will experience back pain at some time in their lives.<64

) Horal 
noted that 35 percent of patients with low back pain will at some time develop 
sciatica.<4

I) Temporary low back pain ranks second only to respiratory infections in 
terms ofhours lost from work, as reported in Rowe's 10-year study.<79

) The prevalence 
of the problem is demonstrated in Nachemson's review, which indicates that 4.8 
percent of the male population and 2.5 percent of the female population beyond the 
age of 35 will at some time in their life experience sciatica. 1bree-quarters of these 
patients will have experienced back pain several years prior to the onset of radicular 
discomfort. Hakelius reported that 75 percent of patients with acute lumbar 
radiculopathy will experience improvement within 1 O to 30 days of the onset of their 
symptoms, and that less than 20 percent of these individuals will eventually become 
surgical candidates. · <32

) 

Patients who respond to their initial attacks of back and leg pain can have significant 
recurrences. In a prospective controlled study, Weber showed that in the workplace, 
60 percent of these patients will have recurrent symptoms within 1 year.<91

) In one of 
the few randomized treatment studies, Weber studied 280 patients with clear-cut 
lumbar disc hemiation that did not respond to nonoperative treatment.<93

) The patients 
were assigned randomly to continued nonoperative therapy or to surgery. At 1 year, 
the outcome in terms of relief of low back and radicular symptoms was better for the 
group treated surgically. However, the patients who were treated nonoperatively 
continued to improve, and by 4 years the advantage of surgical treatment was no 
longer statistically significant. Of course, patients with advanced neurological deficits, 
such as profound weakness or bowel and pladder difficulties, were excluded from the 
study because they were treated with urgent surgery. It seems clear, therefore, that the 
advantage of surgery over nonoperative therapy lies in the promptness of symptom 
relief rather than in overall efficacy. ln this era of the economic evaluation of pain and 
its effect on industry and personal life, such promptness may be a just reason for 
surgery, particularly ifthe complication rate of surgery, as well as its expense, can be 
reduced to acceptable levels. 
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Clearly lumbar disc herniation is a significant medical and social problem. What is 
less clear is the efficacy of treatment and the type of treatment to choose. In a review 
of 757 papers on back pain, Bloch noted that 350 were concemed with treatment out
come, but only 8 of these studies fulfilled the criteria of a true randomized controlled 
trial. (S) Similarly, in a review of nonoperative therapy for low back pain, Deyo found 
that 59 therapeutic trials were hampered by design errors and other faults, which in 
some cases rendered the conclusions invalid. <21

) The importance of analyzing 
nonoperative therapy becomes increasingly clear when one reviews the studies of 
Hurme and Alaranta. <43

) In their prospective study they found that the best results 
from surgery were achieved in patients who were operated on within 2 months of the 
onset of sciatica. Dillin et al. confirmed these results by showing that 90 percent of a 
group of 106 patients had a successful outcome if they were treated within 6 months 
of the onset of radicular symptoms. <22

) One can conclude from the long-term results 
for conservatively treated versus surgically treated patients with acute lumbar disc 
herniation and radiculopathy, that the aim of therapy should be to first try to relieve 
the symptoms by nonoperative measures, and if that does not work promptly, to 
proceed to relatively early surgery. Patients who have a significant neurological 
deficit are treated with immediate surgery, the purpose of which is to reverse the 
deficit at once. In patients who have pain without a significant neurological deficit, 
the best balance is to perform the operation, if one is needed, by a few months after 
the onset of symptoms. The incidence of spontaneous recovery increases beyond that 
point, but the incidence of incomplete recovery with residual pain also increases. With 
modem , safe neurosurgical techniques, the function of surgery is to normalize the 
patienťs life as quickly as possible once a relatively brief trial of nonoperative therapy 
has failed to work, and to produce the best long-term results in terms of freedom from 
pain and from recurrent attacks. This rationale only applies to patients in whom 
recovery is expected. As will be discussed later, the effects of litigation, compen
sation, depression, and addiction can alter the patienťs chance of recovery and may 
negate the very princip les on which surgery is based. 
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3. ANATOMY AND PATHOLOGY OF TIIE L LTl\tiBAR DISC 

Bach lumbar disc consists of two components, an interna! semi fluid mass, the nucleus 
pulposus, and a laminar fibrous container, the annulus fibroses. The fibro 
cartilaginous complex forms the articulation between the vertebral bodies necessary 
for alignment of the neural canal. The nucleus pulposus occupies an eccentric position 
within the annulus, usually doser to the posterior margin of the disc. The nucleus is 
composed of Ioose delicate fibrous strands embedded in a gelatinous matrix. The 
fibers forma mesh ofundulating bundles. Within this fibrous network are many cells, 
some of which are chondrocytes. The nuclear material blends imperceptibly into the 
annulus. The latter is an eccentric series of fibrous lamellae that encase the nucleus 
and help to unite the vertebral bodies. On sagittal section, the lamellae are not 
consistently vertical. Near the nucleus they curve distinctly inward, whereas the 
superficial layers may be bowed with the convexity facing the periphery. 
Teleologically, the function of the nucleus is to resist compressive forces within the 
spine, whereas the main function of the annulus is to withstand horizontal and 
torsional tension. 

In aggregate, the discs make up approximately one-fourth of the length of the spínal 
column (excluding the sacrum and coccyx), but their contribution is not the same in 
every region. Aeby concluded that one-fifth of the length of the thoracic spine and 
one third of the length of the lumbar spine consists of disc material. 

Gross and microscopic examination suggests that the discs are constructed to alleviate 
shock while simultaneously transmitting forces from any combination of vectors. 
Because the nucleus is liquid, it can be distorted but not compressed by compressive 
forces. Only distortion of the annulus can relieve pressure in the nucleus, and the 
resilience of the annulus promotes recovery from pressure. The nucleus is composed 
of a protein-polysaccharide gel that has a high imbibition pressure, and binds nearly 
nine times its volume of water. Prolonged mechanical pressure can expel the water 
from the nucleus, so this binding is a biophysical rather than a biochemical 
phenomenon. The di umal decrease in the length of the spine, as well as the recovery 
oflength when the person lies down at night, relates to the water-holding properties of 
the nuclei. The alternating bands that form the annulus are arranged so that the fibers 
generally become longer and their angle flatter nears the circumference of the disc. 
This design apparently fits them to withstand the shearing stresses of vertical torsion. 
Because the spine acts as a flexion boom to the high-wire actions of the paraspinous 
muscles, it is the fulcrum of a lever system in which loading has a considerable 
mechanical advantage. Spectral analysis indicates that extremely high pressures are 
transmitted to this fulcrum when a heavy object is lifted with the hands (up to 15 
times the weight of the object). Fortunately, other muscles dissipate some of these 
pressures. Actual recordings have revealed intradiscal pressures of 220 kg when a 70-
kg person lifts a 50-kg weight. <63

'
74

) Additional intradiscal pressures of about 15 kg 
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are induced by "preloading." Preloading results from the inherent tension of the 
intervertebralligaments. It is given a value of 15 kg because that is the weight that is 
required to restore the original thickness of the disc after the ligaments have been 
divided. 

3.1 Mobility and Articulation 

Approximately a quarter of the height of the vertebral column is made up not by its 
bones but by the intervertebral discs . These are often described as shock absorbers, 
allowing load to be transmitted from one vertebra to the next. 

An equally important role of a disc is to permit controlled, small-amplitude 
movements between the vertebrae above and below it (Figure la). Between two 
adjoining vertebrae, only small movements are possible. When added together, the 
result is a column that is extremely mobile without sacrificing stability (Figure lb). 
The normal spine is self-stabilizing, and for humans to stand erect takes very little 
muscle action illustrated by the fact that people who have spent prolonged periods in 
bed can sit upright with relative ease. A spinal column minus muscles is stili able to 
support it elf, but if the spinalligaments are severed the intrinsic stability of the spinal 
column is lost. <69

) 

(b) 

Figure 1 ( a,b) 

There are three points of articulation between each pair of vertebrae, forming an 
articular triad - they are the central intervertebral joint and the two facet joints (Figure 
2). The motion segment consists of: the space between the vertebrae, the disc and its 
endplates, anterior/posterior longitudinal ligaments, facet joints and their capsules, 
ligamentum flavum, the contents of the spinal canal, and supraspinous and 
interspinous ligaments. Spínal motion is controlled not only by the thickness and 
shape of the discs, but also by small pairs of synovial joints located at the posterior of 
each motion segment - known as facet or zygapophyseal joints. Bach motion segment 
possesses two facet joints that control and limit certain torsional or twisting 
movements in the spine depending on their orientation, and these vary from lumbar to 
thoracic to cervical regions. 
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Figure. 2 

3.2 Intervertebral Disc Structure 

Nucleus 
pulposus 

--+--- Annulus 
fibrosus 

----"\---- Vertebral 
body 

Anterior 

The disc consists of an outer ring called the annulus fibroses and a soft gel-like central 
portion called the nucleus pulposus (Figure 3). When considering the disc and its 
pathology, or describing the structure to patient I it is useful to compare the disc to a 
jam doughnut, with a contained soft inner part and a hard outer portion. The disc 
contains fibrocytes and chondrocytes in an elaborate a vascular matrix of collagen and 
proteoglycans (31

). 

Discs are thickest in the lumbar spine, where each is approximately 10 mm deep. 
They also tend to be wedge-shaped, so the combined effect of these multiple wedges 
is to give the spine its curvatures. The curvatures in the cervical, lumbar and thoracic 
spine add to the strength of the spine and its remarkable ability to withstand 
compression. The normal disc is so strong that falls from a height will often cause 
fracture of the vertebral body rather than damage to the disc. 

3.3 The Annulus Fibrosus 

The Annulus Fibrosus is the outer portion of the disc and it provides an envelope, 
which restrains the nucleus. The annulus is just elastic enough to permit some bulging 
of the disc, which helps to dissipate stres s from one vertebra to the next. lt is made up 
of crisscross sheets or lamellae of collagen bundles - this allows the disc to resist 
excessive twisting from different directions. The lamellae form incomplete rings and 
the angle made by their fibers becomes more acute when the disc is loaded. 

The outer portion of the annulus possesses nerve endings, which can explain the 
presence of back pain symptoms which occur even when discs appear normal (96

). 
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The annulus is not the same anteriorly and posteriorly in the lumbar spine. Anteriorly 
there are about 20 thick lamellae, running between the vertebral rims, weakly 
anchored to the anterior longitudinalligament. Posteriorly these lamellae are fewer in 
number, thinner, and fused with the posterior longitudinal ligament. A previously 
unknown ligament has recently been described, the superficial annulus fibrosus 
ligament (SAFL), situated on the anterior part ofthe L5 disc. <34

). 

3.4 The Nucleus Pulposus 

The nucleus normally sits centrally within the disc (Figure 3), except in the lumbar 
spine where it tends to be located towards the back. The nucleus has high water 
content and is turgid, as a consequence if a fresh disc is sectioned it immediately 
bulges. This pressure within the disc has the effect of 'pushing' the vertebra above and 
below it apart, placing the surrounding ligaments under tension, further enhancing the 
stability of the spinal column. 

I 10mm 
· (lumbar 
, spine) 

(a) Nucleus pulposus 

• Type 2 collagen 
• Hydrophilic (water-loving) 
• Kept in check by the annulus 
• No nerve endings 

(b} Annulus fibrosus 

Figure 3 

The nucleus is ideally suited to withstanding axialloading as it cannot be significantly 
compressed, and it is held in check by the outer annulus. Tension in the ligamentum 
flavum is thought to compress the motion segment and pre-stress the disc <

65
). The 

nucleus acts hydrostatically during loading <
63

) 'hydrostatic' refers to the pressure 
exerted by a fluid (Figure 4). 
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Figure 4 

3.5 The Vertebral Endplate 

-----+~:----+-- lncompressible 
nucleus efficientl~ 
dissipates spinal 
column stresses 

The endplates are found above and below each disc, are approximately 1 mm thick 
and have several functions. The end plate is thought to pennit osmosis of nutrient 
between the vertebral body and the disc, it restrains the disc, and may also protect the 
vertebra from pressure. Hemiation or bulging of the nucleus into the vertebral body 
through the endplate may occur but this is often asymptomatic <

28>. 

3.6 Pressures within the Disc 

Classical experiments by Nachemson and Morris <63
) provided insight into the 

pressures within the disc. The results correlate with the clinical signs and symptoms 
described by people with disc disease. For example, people with annular tear often 
say that their pain is least in lying, worst when sitting, and they are often observed 
standing in clinic waiting rooms in preference to sitting. Extremely high intra-discal 
pressures are recorded when a person sits lumped forward in a chair. 

Intervertebral discs undergo a daily battle between compressive loading tending to 
squeeze water out of the disc and the tendency of the nucleus to take up water when 
the load is relieved. This accounts for the fact that people are taller in the moming 
than in the evening. In the young, this equilibrium is stable, but with increasing age 
discs tend to lose water more readily and become less able to cope with stresses. 
Spinal load changes with the angle of the motion segment, and lower discs have to 
bear more of the weight of the body. The pressure within degenerated discs is less 
than that found in normal discs <

82
). The explanation for high intra-discal pressure in 

sitting may be because of the slightly flexed posture and the compressi ve effect of 
psoas major on the spine. 

The exact roles of all the muscles of the spínal column are stili not altogether clear. 
The abdominal muscles play an important role in trunk rotation and in raising intra-
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abdominal pressure, thereby stabilizing the spinal motion segments . The extensor 
muscles of the spine may be able to control individua! vertebral movements, and it 
seems likely that the erector spinae works in complex patterns to resist the tendency 
of the spine to tl ex in various postures. The erector spinae do ses not play an important 
role in rotation of the trunk , but despite many biomechanical and computer 
simulation no single model as yet explains them satisfactorily (66

). In the past, it was 
thought that exercising the spínal extensors was of chief importance in preventing 
backpain. 

There are now convincing arguments that this complex small paraspinal muscles play 
more of a sensory propioceptive role rather than having a direct stabilizing effect on 
the spine. It has also been argued that role of the short spínal muscles (multifi.dus, 
rotators, interspinales and intertransversarii) is to stabilize the motion segment, 
allowing the longer, more superficial muscle to act efficiently. Recent muscle 
imbalance theories suggest that a mismatch between the strengths of surrounding 
muscle groups may be a cause of pain in spine . Put simply, muscle imbalance theory 
suggests that certain muscles become overactive and shorten, whilst their antagonist 
group become lengthened and inhibited. Muscle imbalance is an interesting concept 
and may be precipitated by pain, type of activity or ligamentous instability . 

From the above we can see that there is a balance between water imbibition, gravity, 
and the ligamentous and muscular constraints on the nucleus pulposus. Disc 
protrusion, the process of most interest in the current context, results from chronic 
structural changes superimposed on mechanical stress. W e prefer to avoid using the 
term degenerative, since it is apt to find its way into patients' vocabularies, causing 
them to perceive their problem as one of progressive deterioration. The terms disc 
degeneration and disc deterioration cannot be interpreted properly by laymen and 
consequently should be avoided. The annulus fibroses develops radiating cracks that 
subject the nuclear material to greater pressures. Herniation is a greater threat in 
younger individuals, between the ages of 30 and 50, in whom the nuclear material has 
good turgor, in contrast to older individuals, in whom the nucleus is desiccated and 
fibrotic. The nucleus progressively bulges through a rent in the annulus, but it is 
retained by the posterior longitudinal ligament. When the ligament ruptures, a :free 
sequestrum of nuclear material may pass into the spínal canal (the so-called extruded 
or herniated disc). 

The incidence of periodic back pain has been investigated by Hult through data :from 
the Swedish National Health Insurance Program. <42

) Back pain was reported in 53 
percent of persons engaged in light physical activity and in 64 percent of those 
involved in heavy labor. Horal discovered that 35 percent of individuals who 
complained of low back pain developed sciatica22 from these data, one might predict 
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the overall incidence of symptomatic disc disease, since most patients with sciatica 
can be assumed to have disc herniation. 

The natural history of lumbar disc disease is better understood. Weber reported that 
back pain can precede radicular symptoms by 6 to 10 years.42 As described earlier, his 
detailed study of 280 patients with myelographically proven disc herniation showed 
that, for patients who did not respond to initial nonoperative management, surgery 
gave the best short-term results, but by 4 years the results of continued nonoperative 
therapy were statistically indistinguishable from those of surgery. 

3.8 Ambiguous Nomenclature 

Degenerative Disc Disease. Disc degeneration is a de:fined anatomie alteration that is 
sometimes associated with a recognizable etiology and consistent symptoms and 
signs, and thus by strict de:finition is probably a disease entity. However, the 
implication for the patient is that this condition is unalterable, with or without 
treatment, ultimately leading to chronic pain and disability. 

Disc Herniation and Radiculopathy: A variety of terms have been used 
interchangeably to describe disc herniation and nerve root abnormalities. The 
following are well-accepted de:finitions for these entities (Figure 5) : 

Disc prolapse: focal extension of the disc beyond the vertebral end plate 

Disc protrusion: contained by the outer annulus :fibrosis with an intact posterior 
longitudinalligament 

Nuc:leus 
Pulposus Disc{ 

,An~ulus 
Fibrosus 

Nonnal 

"' 
Protrusion 

Figure 5 
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3.9 Disc Herniation Definition 

A hemiated disc occurs when the outer sack partially ruptures , and the interior of the 
sack expands, pushing part of the disc into spinal canal near to where the spinal cord 
and other nerve roots are located causing either chronic or acute pain in the back\or in 
the neck, and movement restriction of the affected area due to pressure exerted on 
spínal nerve roots , this condition is also known as hemiated nucleus pulposes or 
hemiated intervertbral disc ( Figure 6 ) . 

Lumbar vertebl"ae 
croas ·secll:ion 

Figure 6 

3.10 Stages of Spínal Disc Herniation 

• CHRONIC 
• ACUTE exacerbations 

N.e-"".e raots. 
beo l"g eornpre-ed 

~~"-. by h&J"I'IL'Ille-d ilo'fl<l 

Disc herniation can occur in any disc in the spine, but the two most common forms 
are the cervical disc herniation and the lumbar disc hemiation. The latter is the most 
common, causing lower back pain (lumbago) and often leg pain as well, in which case 
it is commonly referred to as sciatica. 

Lumbar disc herniation occurs 15 times more often than cervical (neck) disc 
hemiation, and it is one of the most common causes of lower back pain. The cervical 
discs are affected 8% of the time and the upper-to-rnid-back (thoracic) discs only 1 -
2% ofthe time. 

The following locations have no discs and are therefore exempt from the risk of disc 
hemiation: the upper two cervical intervertebral spaces, the sacrum, and the coccyx. 

Most disc herniations occur when a person is in their thirties or forties when the 
nucleus pulposus is stili a gelatin-like substance. With age the nucleus pulposus 
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changes ("dries out") and the risk ofhemiation is greatly reduced. A:fter age 50 or 60, 
osteoarthritic degeneration or spínal stenosis are more likely causes of low back pain 
or legpain. 

3.11 Ln1ldng Facturs 

• Professional Injluence: Luggage carriers, High mountain bearers, Trnek or 
bus drivers and Train conductors 

• Local Evoking Factors: Bone degeneration, Cartilage degeneration and 
Chronic paravertebral muscles fatigue 

• Whole Body Evoking Factors: Viral diseases, Psychic depression and Physical 
or psychic fatigue 
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4. CLINICAL FEATURES AND DIFFERENTIAL 
DIAGNOSES OF LUJ\1BAR DISC DISEASE 

We are concemed here with acute or sub acute lumbar disc hemiation with leg pain. 
The multifaceted causes of low back pain are not considered. Consequently, the 
clinical features are specific with reference to the nerve root involved in causing the 
leg pain. General symptoms common to most patients with lumbar disc hemiation 
will also be explained 

Moderate compression of a nerve root in the absence of inflammation will produce 
paresthesias, not pain, according to the studies of MacNab. <49

) When inflammation is 
present, the pain response is more easily elicited. The patient notes a sharp ache 
starting in the proximal portion of the leg and progressing distally in a typical 
dermatomal pattem. Since the L5 and S 1 spinal roots are most frequently involved, 
the pain is on the posterior or lateral aspect of the leg. Frequently, the back pain will 
abate at the onset of leg pain. The patient may tilt away from the affected side. Any 
maneuver that increases intraspinal pressure, such as coughing or sneezing, will 
exacerbate the radiculopathy. Marked limitation of spine motion may follow, and the 
patient reports that his back is locked. Other patients may experience leg pain only, 
without back pain at any point in the clinical course. Some of these individuals may 
be hard to convince that the leg discomfort emanates from a low back problem. In 
sciatic pain syndromes (Sciatica) , the presence of an ipsilateral straight leg raising 
sign is ubiquitous; pain on contralateral straight leg raising is even more highly 
predictive oflumbar disc herniation. 

~.2 Locati.dng S~ mp tom · uml Sign 

LS-S 1 disc herniations are characterized by pain radiating down the posterior aspect 
of the thigh toward the calf( Figure 7 ). Radiation in to the foot develops, it is usually 
appreciated on the lateral aspect of the heel and the smaller toes. Numbness follows 
the same distribution. Reflex loss, if it occurs, is restricted to the ankle jerk. It is 
Important that both ankle jerks be tested simultaneously, as this reflex may be 
congenitally depressed and is commonly lost with advancing age. In more serious 
cases there is often weakness of the gastrocnemius muscle, which can be detected by 
having the patient walk on hís soles. The straight leg raising sign is so reliably posi
tive that if it is absent, one should consider altemative diagnoses. 

Disc hemiation at IA-L5 produces pain radiating down the posterolateral aspect of the 
thigh and leg (Figure 7 ). Numbness is most often appreciated on the outside of the 
shin and foot and may extend to involve the great toe. The extensor hallucis longus 
muscle is weak, and in more severe cases, weakness of foot extension ( dorsiflexion) 
can also be demonstrated. The latter is best revealed when the patient is asked to walk 
on his heels \vith the toes pointing upward. Again, the straight leg raising sign is 
helpful for an accurate diagnosis. 

18 



In either of the above lumbar disc hemiations, a crossed straight leg raising sign 
provides even greater confirmation of the diagnosis. In this test, the patient feels pain 
in the affected leg when the contralateralleg is elevated. 

Disc hemiation at L3-L4 is associated with pain radiating down the anterior aspect of 
the thigh, with occasional radiation past the knee to the medial aspect of the leg 
(Figure 7). Numbness, if present, may be appreciated above or below the knee. The 
knee J erk may be depressed. Quadriceps muscle weakness can be tested best by 
having the patient squat on the affected leg and then bring himself to a standing 
position. The straight leg raising sign is usually normal, but the symptoms may be 
reproduced by hyperextending the affected leg with the patient in a prone position. 
Higher disc hemiations may cause pain to radiate into the groin or upper thigh. They 
are not associated with reflex abnormalities, but psoas muscle weakness is 
occasionally seen. 

Figure 7 
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-L3 Ohjt-dh e r' urolngi{' Si~n~ 

1. Hypoesthesia in radicular area L5 or S 1 

2. Big toe phenomenon - motor paresis of L5 root 

3. Paresis ofperoneal type (heel standing failure) - lesion ofL5 root 

4. Paresis oftibial type (tip toe standing failure) -lesion ofSl root 

5. SCIATICA 

6. STENOSIS 

7. Cauda equina syndrome (midline hemia): 
• Somatotopic arrangement of roots 
• Sphincter innervation: S2- S4 bilaterally 
• (main roots are S3) 
• Loss ofvoluntary control ofmicturition and defecation 
• Perianal and perigenital hypoesthesia 

8. Neurological Claudication 
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5. R.ADIOLOUIC FEATURES OF LUivl BAR DISC DI8EASE 

5.11mn::?,ingT chniqu s 

Conventional radiographs of the lumbar spine are routinely obtained in the study of 
lumbar disc disease, but they usually offer guidance rather than specific diagnostic 
information. They are helpful in the diagnosis of spondylolisthesis, which can mimic 
lumbar disc disease, and in the detection of bony disorders, tumors, infections, and 
other less common causes ofthis very common syndrome. 

The principle to be foUowed in evaluating aU radiologie studies in a patient with 
suspected lumbar disc disease is to correlate the site of pathology implied by the 
symptoms and signs with any radiographic findings. This point cannot be 
overemphasized. The varieties of radiologie abnormalities that may be seen ipsilateral 
or contralateral to the patienťs symptoms, particularly as the spine ages, are so great 
that the unwary examiner may become hypnotized by irrelevant radiologie 
abnormalities.<38

) Films must be reviewed with a clinical prejudice, focusing on the 
involved nerve root. In this way, lateral disc herniations and other frequently un
suspected abnormalities may be discovered. AU too often a radiographic report, 
ordered by a generalist, will mention a variety of abnormalities that have little 
relationship to the patienťs symptoms. The radiologist is inclined to mention aU devi
ations from the norm, frequently without relevance to the clinical examination or even 
to the age of the spine under study. That can lead to a referral to a neurosurgeon, who 
must then try to explain to the frightened patient why most or all of the data on the 
radiologie report can be ignored. The wary clinician can ferret from among the clutter 
of abnormalities the one that specifically fits the symptoms. If this can be done 
convincingly, a good surgical result may be achieved simply by focusing on the 
precise cause of the nerve root compression. Because nerve root compression is the 
reason patients undergo surgery for lumbar disc disease with radiculopathy, 
myelography continues to have a place in the diagnosis of lumbar disc disease, 
although computed tomography (CT) (Figure 8) and magnetic resonance imaging 
(MRl) (Figure 9) are gradually replacing the more invasive myelogram. 
Myelography remains especially useful in cases where there is no neurological deficit, 
where more than one nerve root is involved, where an apparently central disc hemi
ation affects just one root, and in a variety of other clinical situations. Because of its 
safety and efficacy, myelography should be used freely when there is any question as 
to whether a disc herniation seen on CT and MRl is clinically significant. 

On the other hand, myelography has significant drawbacks in the diagnosis of lateral 
disc herniation. An apparently normal myelogram can belie the presence of a far 
lateral disc herniation with nerve root compression, and under these circumstances the 
clinician should rely on the CT and MRl appearance if it correlates nicely with 
clinical findings. 
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Figure 8 Figure 9 

To evaluate the reliability of the basic studies used to assess the lurnbar disc, Wiesel 
and colleagues examined lurnbar CT scans obtained from 52 volunteers who had no 
significant back or leg pain. <93

) They found CT abnormalities in 37% of these 
individuals, particularly in those older than 40 years. Similar false positive results 
could be expected with MRl. This study emphasizes the importance of precíse 
correlation with clinical findings. MRl has a clear advantage over CT in certain 
circurnstances. 

Certainly, a sagittal MRl image can define tumors at the conus and other unsuspected 
non disc pathology. Similarly, disorders ofbone such as tumors and osteomyelitis are 
more easily detected by MRl than by CT or myelography. MRl scans frequently 
show the low thoracic region and thus cover a greater area than CT, which normally 
focuses on symptomatic levels, such as the lower lurnbar spine, where over 90 percent 
oflurnbar disc herniations occur. 

In 1984, Bell and colleagues compared the usefulness of CT and myelography for 
visualizing spínal stenosis and disc herniation in a series of 122 patients with 
surgically confirmed herniated lurnbar discs. (2) Each patient was studied 
preoperatively with thinsection CT and metrizamide myelography. Myelography was 
more accurate than CT in the diagnosis of herniated discs (83 percent versus 72 
percent) and slightly more accurate in the diagnosis of spínal stenosis (93 percent 
versus 89 percent). However, this study was performed before the current generation 
of CT scanners evolved, and it is not likely that such a disparity would be noticed 
nowadays. 

The relative value of CT, MRl, and myelography is somewhat different in the case of 
a patient who may have a recurrent disc herniation or postoperative epidural fibrosis. 
CT scanning with iodinated contrast enhancement may be of help when the scar tis
sue reflects increased blood flow. Administration of a contrast agent [gadolinium 
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diethylaminetriaminepentaacetic acid (DTPA)] will cause scar tissue to enhance 
distinctly on MRl scans, whereas the appearance of recurrent disc material will 
remain the same. Myelography, on the other hand, can demonstrate deviation of a 
nerve root around a disc fragment, whereas epidural fibrosis may show no 
myelographic signs of nerve root compression or deviation. 

It would appear that, by current techniques, MRl is the best study for diagnosing the 
relatively common and frequently missed lateral disc hemiation. Myelography with 
or without postmyelographic CT scanning is stili the most versatile study for spinal 
stenosis. Whatever imaging technique is used, it must show conclusively that the 
clinically affected nerve root is compressed by the offending disc. Rigid adherence to 
this principle can prevent serious mistakes. All too frequently, the surgeon will 
remove a radiologically demonstrated disc protrusion that is not at the clinically 
significant level or is not clearly compressing a nerve root. A poor result can be 
expected. Modem radiologie techniques do not condone surgery based on ''bulges and 
protrusions." Rather, properly perfonned lumbar nerve root imaging will outline each 
of the roots and define specifically the point of compression. Water-soluble contrast 
myelography was therefore runner of this revolution. The clinician must trace the 
negative shadow of each nerve root as it passes the lumbar disc. If the root is cut o ff 
abruptly in comparison to its contralateral partner, this is of great significance. lf the 
nerve root sleeve fills out nicely, and if the nerve does not' 'look" seriously 
compressed even though it is modestly deviated, then surgical exploration is likely to 
reveal no cause for symptoms or signs. 

Discography is discussed separately from the other radiologie techniques because of 
its highly controversial nature. A discogram is perfonned on an awake patient by 
inserting a large-gauge needle through the midline into the center of the intervertebral 
disc. The disc is then injected with a known quantity of water-soluble contrast 
material while the patienťs symptoms are monitored. Plain radiographs or CT scans of 
the lumbar spine are examined for extrusion of contrast material, "degeneration" of 
the disc contents, and other abnonnalities. The patienťs response to the injection is 
monitored for reproduction of symptoms. 

Centers that treat large numbers of patients with back and leg pain usually do not use 
lumbar discography. The reasons include the difficulty of the test, a high percentage 
offalse positive results, uncertainty as to the value ofthe patienťs responses, and lack 
of universa! acceptance of the results. To many, the sophistication of modem CT and 
MR studies, complemented by water-soluble contrast myelography, make the 
discogram of relatively little value. Though not substantiated by any statistical data, it 
is my impression that in many instances discography is used when the examiner is 
looking for any type of "abnonnal" test, particilarly when the motive is to associate it 
with an accident-related injury. There seem to be few instances in which the 
discogram can really add to an understanding of the cause of the patienťs symptoms 
or particularly-of the need for surgery. To compare MRl and discography for the 
diagnosis of lumbar disc disease, Birney and colleagues perfonned a study evaluating 
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264 disc levels in 90 patients with incapacitating back and leg pain.(3) They found an 
86 percent agreement between the two tests, but they mention that other studies have 
showed up to a 98 percent agreement, indicating a statistical equivalence of the test. 
They found that MRl was more sensitive (100 percent) than discography (86 percent) 
in the detection of disc herniation. They mention that discography may have greater 
specificity than MRl (100 percent compared to 93 percent) in detecting disc 
herniation, but these numbers were not statistically significant. Although the 
discogram was more likely to show the finding of "disc degeneration," the exact 
meaning of this abnormality was not discussed. It would seem, however, that 
discography adds nothing to the diagnosis of lumbar disc disease when a good-quality 
MRl is performed, but it does add significantly to the cost and discomfort to the 
patient. The value of the "provocative" nature of the discogram and its ability to elicit 
the patienťs complaint remains highly speculative. 

It is rare that an electrodiagnostic study such as electromyography (EMG), nerve 
conduction velocity, or evoked-response measurement can significantly help the 
surgeon to decide whether or not a lumbar disc operation is indicated. lmaging 
techniques have become so precise that, in the absence of a clear-cut image of nerve 
root compression, "exploration" on the basis of an electrodiagnostic study is unlikely 
to be fruitful. When the radiographic appearance is normal, a "positive" EMG should 
not force a surgeon to proceed with an operation. The electromyogram may be abnor
mal for some time after a nerve root injury or even after successful surgery. There are 
occasional instances when lumbar disc disease mimics a peripheral neuropathy, motor 
neuron disease, lumbar plexitis, or similar condition, and in these instances, the 
electromyogram may be useful in the diagnosis of an entity other than lumbar disc 
herniation. Also, when the radiographic studies show multiple levels of involvement, 
in the absence of discrete neurological abnormalities, the electromyogram could 
conceivably help the surgeon determine the root to be inspected. 
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6. CONSERVATIVE TREATMENT 

íí.J Bcd Rc. C; Tn.tdion: M:m.i.pulati1 n 

The centerpiece of the nonoperative treatment of lumbar disc herniation is bed rest. 
Because we live at a time when exercise is perceived as the way not only to prevent 
but also to cure musculoskeletal disorders, patients frequently have a mind-set that 
bed rest is hannful to the natural curative process. However, a patient who has not 
undergone a substantial interval of complete bed rest may have missed a chance for 
nonoperative cure of his lumbar disc herniation. Only patients with advanced 
neurological deficits or those who cannot tolerate bed rest can be excluded from this 
dictwn. Intradiscal pressure is substantially reduced in the supine position. 

Hospitalization is required only when home care is impossible. A firm resting surface 
is important. Any comfortable position can be assumed, but resting prone, because of 
the associated hyperextension, is discouraged. Trips to the bathroom and very short 
intervals of sitting for meals are allowed. 

Traction adds nothing to the treatment except in patients whose psychological makeup 
requires this form of immobilization. According to Weber, double-blind studies in 
patients with and without traction reveal no statistically significant difference either in 
the ultimate result or in the effect on spínal mobility, reflexes, motor deficits, and so 
forth. The decision to use traction, therefore, is based on the clinician's psychological 
assessment of the patient. 

An adequate period of bed rest is at least 2 weeks. After this time, the patient is 
gradually mobilized over a period of a few days. The patient must return to bed if the 
leg pain reappears. Patients who deem the bed-rest therapy a total failure should be 
considered as surgical candidates. Of course, if a neurological deficit worsens during 
bed rest, then this therapy should not be continued. 

The role of manipulation therapy remains a puzzling issue. Although there is no 
scientific proof of the efficacy of spínal manipulation, randomized studies do indicate 
more rapid relief of pain. In the long term there may be no real advantage. 

Drug therapy may be directed to relief of nerve root inflammation, to analgesia, or to 
muscle relaxation. The efficacy of any of the commonly administered oral agents for 
muscle relaxation is speculative. Bed rest remains the best way to treat muscle spasm. 

The anti-inflammatory effects of salicylates and steroids are well known. In fact, 
steroids are so effective that they may produce an artificial sense of improvement, 
which leads to disappointment when the steroids are discontinued in the face of a 
frank disc herniation. If one wishes to administer steroids, I have found the following 
schedule to be both safe and effective: dexamethasone, 6 mg four times a day on day 
I, 4 mg four times a day on day 2, 2 mg four times a day on day 3, I mg three times a 
day on day 4, 0.75 mg twice a day on day 5, 0.5 mg twice a day on day 6, and and 0.5 
mg once on day 7. This gradual tapering may reduce the rebound that can occur on 
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abrupt discontinuation of the medication. Patients will usually respond by the second 
day, but if substantial nerve root compression persists, the pain will recur when the 
steroids are stopped. 

For this reason, salicylates may offer a better alternative. Aspirin given as 600 mg 
every 6 h may provide ample relief for the less seriously afflicted patients, and it may 
not be associated with side effects or rebound on discontinuation. Enteric-coated 
aspirin can be substituted in patients with gastrointestinal intolerance. Acetaminophen 
is less effective because of its weaker anti-inflammatory properties, and it should be 
reserved for patients with prominent aspirin intolerance. 

Individuals vary in their response to the newer generations of nonsteroidal anti
inflammatory drugs. Effectiveness and patient tolerance vary a great deal, and there is 
no easy recipe to indicate which drug will offer the least gastric irritation and the most 
pain relief. Surgeons, and subsequently their patients, will o:ften find their favorite 
drug. 

A variety of treatments-gravity traction, specific exercise programs, shoe li:fts for 
unequal leg length, and so forth-have enjoyed periodic enthusiasm, b1:1t few have 
stood the test of time. Although a brace may provide relief for the ambulatory patient 
with an acute herniated disc, it is not likely that it will greatly help the patient who is 
weight-bearing during any phase of his illness. Bracing for a patient undergoing bed 
rest is superfluous. Consequently, there seems to be little indication for extemal 
immobilization except for whatever psychological benefit it might provide. 

6.3.1 Lu m har J( pill ur:d Stl•roitl luj1;dion 

A form of nonoperative treatment that has gained favor among experienced clinicians 
is the injection of long-acting steroids into the epidural space. There seems to be a 
subset of patients, although their exact clinical characteristics are not clear, who can 
obtain prolonged relief of radicular symptoms a:fter one or more of these injections. 

Epidural steroid injection (ESI) is most effective for lumbosacral radiculopathy 
associated with intervertebral disc herniation, bulging, or degeneration. The main 
criterion for success is the presence of nerve root inflammation that can be relieved by 
the steroid. ESI also has been used to treat pain from degenerative joint disease, 
scoliosis, spondylolysis, spondylolisthesis, postlaminectomy syndrome, facet 
abnormalities, herpes zoster, and postherpetic neuralgia. 

A:fter informed consent is obtained, the patient is placed either in the lateral decubitus 
position or sitting with the back, hips, and knees flexed. The injection should be per
formed as clo se as possible to the bony level of the nerve root irritation. The patient is 
prepared in a standard aseptic fashion with strict sterile technique used throughout the 
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procedure. Local skin anesthesia is provided with 1 % to 2% lidocaine. A Toothy 
epidural needle is then advanced between the spinous processes in a midline approach 
until the needle is well seated in the posterior ligaments. The stylet is then removed 
and a loss-of-resistance syringe is attached to the hub of the needle. Either 2 to 3 ml of 
air or normal saline should be in the syringe. The needle is slowly advanced 1 to 2 
mm at a time with constant checking for loss of resistance by tapping on the plunger 
of the syringe. Once a distinct loss of resistance is obtained, the needle is halted and 
an attempt is made to aspirate blood or CSF. A:fter negative aspiration, either 80 to 
120 mg ofmethylprednisolone acetate or 50 mg oftriamcinolone diacetate is injected. 
The steroids can be injected as is or diluted in 5 to 10 ml ofpreservative-free normal 
saline. If multiple levels are involved, dilution will ensure better spread of the steroid. 
The needle should be flushed with normal saline and the stylet replaced before it is 
removed from the skin to avoid tracking steroid to the skin. If on aspiration blood is 
obtained, reposition the needle. If CSF is obtained on aspiration, continue with the 
procedure, but a spínal headache may result from dural puncture (Figure 1 0). 

\ 

\ 
(·i •. ~ \ 

._ . ...: ... _.L. 

Figure 10 

6.3.1 .3 Com plícatinns 

Inadvertent dural puncture may result in a postdural puncture headache. Intrathecal 
injection of steroid may result in aseptic meningitis, adhesive arachnoiditis, or conus 
medullaris syndrome. Each milliliter of methylprednisolone acetate contains 
approximately 30 mg of polyethylene glycol, which has been associated with nerve 
damage in experimental models. 

Epidural steroids can suppress plasma cortisollevels for approximately 3 to 5 weeks. 
Iatrogenic Cushing's syndrome, fluid retention, and elevated serum glucose levels also 
can occur. 
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Infection or bleeding into the closed epidural space also can result in significant 
neurologie deficits, including quadriplegia. Any complaint of increasing pain or 
neurologie changes should be investigated immediately. Early recognition can prevent 
permanent injury. 

6.3.2 'fran~l'lltlln ou FIE:dt"ital '• rvt~ ~timulutiou ('fL"~~) 

Has been used to relieve low back and leg pain, but until recently there was a dearth 
of objective studies evaluating its usefulness. Marchand and colleagues have recently 
evaluated 42 patients who were randomly assigned to a TENS treatment group, a 
placebo-TENS group, and a no-treatment group. cs3%ey concluded that TENS 
reduced some of the affective components of low back pain in the short term, but that 
much of this reduction could have been a placebo effect. They recommended using 
TENS as a short-term analgesic procedure in coordination with a multidisciplinary 
program for low back pain, but not as an exclusive or long-term treatment. 
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7. SEMI-INVASIVE TREAT:tviE"NT 

7 .I Chemonuclculy i "ith Ch~ moparwín 

Is another injection technique used for hemiated lumbar disks. This treatment is 
infrequently performed today, because complications of neurotoxicity and 
anaphylaxis were reported in earlier studies. More recent evaluations of 
chemonucleolysis have shown it is a safe and effective technique in properly selected 
patients. One large study reported a success rate of 88% in patients with an acute disk 
herniation and sciatica. Patients in their teens and 20s whose symptom onset was less 
than 6 months earlier received the greatest benefit. A critical review of 
chemonucleolysis concluded that it is a beneficial therapy for some patients, but 
individuals receiving the technique are likely to need a repeat procedure; and 
diskectomy results are poorer in patients who have previously received the injection 
than in those who have not. 

7.2 lnt't~n cr10u. lnfu~ion 

With infliximab has been tested on patients who had severe sciatica caused by a 
herniated disk. In a study by Karppinen et al, a single 2-hour infusion of a tumor 
necrosis factor-alpha antagonist was compared with a placebo infusion. The results 
showed that a significant number oftreated patients were pain-free 2 weeks, 1 month, 
and 3 months after infusion. Although this study was not a prospective randomized 
trial and involved only 1 O patients, the results are impressive enough to warrant 
further investigation of monoclonal antibodies as a treatment for sciatica. 

7.' Laser l)i. k tomy 

Has been used to treat herniated disks since 1986. Nonprospective, nonrandomized 
studies<57

) reported successful outcomes of 50% to 89%. However, true efficacy is 
questionable because of the lack of quality-controlled trials comparing laser 
decompression to standard diskectomy. Laser disk decompression, like percutaneous 
nucleotomy, is considered a blind technique, because the herniation and amount of 
material being removed is not directly visualized during the procedure. Patients with 
large herniations (occupying >50% ofthe spínal canal) and/or patients with migration 
or sequestration of free fragrnents are not candidates for blind, minimally invasive 
techniques. 

7..1 h1 tr:-; di k~1l Eledroth(•r lll<"t.l TIH~LJJ)y' (I HLT) 

is a minimally invasive procedure used to treat low-back pain caused by intemal disk 
disruption or anular tears. IDET is not indicated in individuals who have disk 
hemiation or sciatica. It is primarily used as an alternative to spínal fusion in patients 
who have chronic discogenic pain that is unresponsive to conservative care 
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S. SURGICAL TREAT:NIENT 

R. I lntlicatiun: fnr Surgind Tn~:••mcni 

Relative Indications (or Surgerv 

• Chronic mono-radicular leg pain 
• Conservative therapy failure > 6 weeks 
• Confirmation of diagnosis by CT or MRl 

Absolute and Urgent Indications for Surgery 

• Acute paresis oftibial or peroneal types (with acute Ioss of leg pain), root 
transection 

• Sphincter disturbances or cauda equina syndrome 
• Confirmation of diagnosis by CT or MRl 

If a patient does not feel better after 6 to 12 weeks of conservative care, then surgery 
may be considered to treat the lumbar herniated disk. The goal of surgery is to help 
alleviate the pain faster. If a patient has severe pain and is unable to function at a 
satisfactory level, surgery may be a good option even before six weeks of symptoms. 

Any patient who has progressive neurological deficits, or develops the sudden onset 
of bowel or bladder dysfunction, should have an immediate surgical evaluation as 
these conditions may represent a surgical emergency. Fortunately, both of these 
conditions are very rare, and most surgery for a lumbar herniated disk is an elective 
procedure. 

In recent years, the morbidity (such as post-operative pain) of surgery for a lumbar 
herniated disk has decreased and the results have improved, so surgery is generally 
considered a very reasonable option to get better quicker. 

Usually the indications for the surgical excision of a hemiated lumbar disc are 
definitive, but at times the decision requires judgment. Certainly, patients with an 
advancing neurological deficit who have not responded to bed rest require surgery 
when appropriate neuro-imaging shows that the clinically implicated disc is clearly 
herniated. More difficult to treat are individuals who do not have an advanced 
neurological deficit but who appear to be partially or totally incapacitated by pain. 
Another :frustrating group for the conscientious surgeon consists of patients who have 
had a modest improvement with bed-rest therapy. They may say that their pain is "50 
percent better", but they still cannot work, enjoy life, or be fully active. Among the 
factors that must be considered in these groups are age, activity level, goals in life, 
degree of incapacitation, the necessity of performing back-stressing activities as part 
of employment, the psychological assessment of the patienťs pain, the presence or 
absence of depression, and the patienťs expectations from surgery, including the 
willingness to accept failure. Failure in this group of patients must be redefined. In 
general, the least afflicted patient expects the most perfect result. 
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8.2 ' urgical TechnilJUC 

Surgical treatment options fOr the lumbar herniated disk include: 

• Partial Lumbar herni-Laminectomy (the most common procedure) 
• Microdiscectomy 
• Arthroscopic Lumbar Discectomy 
• Microendoscopic Surgery 
• T.H.E.Y.S.I.S 

The gold standard for surgery is an open or microsurgical discectomy. In the last 10 
to 15 years the microdiscectomy surgery has been modified to allow for a relatively 
small incision and less soft tissue dissection, which provide for significantly less 
postoperative discomfort and quicker healing. 

Another surgical option to treat a lumbar herniated disk is chymopapain injections 
that dissolve the disk. This procedure is less invasive than surgery, and has had varied 
success and popularity among surgeons. It has been available since the 1970's, but 
comparison studies have indicated that a lumbar discectomy is a more reliable option. 

In the 1990's, an arthroscopic lumbar discectomy procedure was introduced as a 
less invasive alternative. This procedure carries a steep learning curve for the surgeon 
and is only appropriate for certain types of disk herniations. Overall, it has not been 
found to be as useful as anticipated. 

8.1.1 Lumha•· l>i ·l .. cdumY 

Provides good to excellent outcomes for sciatica in 65% to 90% oftreated patients.(7S) 
Outcome is better in patients who receive surgery within a year of symptom onset. 
After 1 year of symptoms, positive surgical outcomes drop precipitously to around 
25%. Compared with nonoperative care, diskectomy provides faster relief from 
sciatica during an acute attack, <93

) but long-term outcomes between patients treated 
surgically and those treated nonoperatively are often no different.<JJ,?s,93

) Thus, the 
primary benefit of nonemergent diskectomy is to provide relief from sciatic pain when 
initial nonoperative care does not. The type of diskectomy performed may play a role 
in surgical outcomes. 

8.2 .2 .\lticrud i kt'rionly 

Is often proposed for athletes, because it is less invasive than standard diskectomy 
with a laminectomy.<16

) Although general population studies show no difference in 
outcomes between patients treated by microdiskectomy compared with standard 
diskectomy, no studies in athletes directly compare the two techniques. Among 
studies of diskectomy in athletes, the highest rate of return to sport was found by 
Wang et a1.<91) They reported that 90% ofDivision 1 college athletes who underwent a 
single-level microdiskectomy were able to return to their sport at the varsity level. 

Complications of microdiskectomy (eg, bleeding, infection, and thromboernbolism) 
are not common, but they are potential risks.<48

) The most common late complication 
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is a recurrent disk herniation at the same level, which occurs in approximately 5% of 
patients. Reherniation may necessitate a second surgery,<26

) and patients who choose 
to undergo microdiskectomy should be informed of this possibilíty. 

8.2.J .. \rtifki ~l ; H.epluccmcn I 

Of a lumbar disk or its nucleus is an open technique that is stíll in the developmental 
phases in the United States. Currently, the indications for disk replacement are the 
same as for spínal fusion (i.e., patients who have discogenic pain caused by 
degeneration or interna! disruption that is unrelíeved by other therapies). Patients with 
significant disk herniations or facet abnormalities should not be considered candidates 
for disk replacement.<32

) 

Is currently being investigated. It uses a new retraction system to allow visualization 
of the disk herniation through a small incision. Since the approach is similar to a 
microdiscectomy, the leaming curve is not as steep as with arthroscopic procedures, 
and it should carry a similar success rate as lumbar discectomies. Although it is less 
invasive than an open lumbar discectomy, it has not been shown to decrease the 
morbidity of surgery (such as post-operative pain and discomfort) over that of a 
microdiscectomy. 

For the removal of herniated intervertebral disc material the THESSYS method 
utilizes a speciallateral, transforaminal, endoscopic approach. This represents a less 
traumatic approach for the patient than the usually used dorsal approach. With the use 
of typical dorsal laminectomy approach procedures for the removal of intra- and 
transforaminal disc fragments, extensive sacrificing of vital spínal stability structures 
is required in order to reach the target point, which in turn often leads to immediate 
spínal fusion. In contrast the THESSYS method allows access to every herniated disc 
fragment or protrusion except those located fully dorsally. The documented 
recurrence rate with the THESSYS method is very low . With the THESSYS method 
sequestered disc material is completely removed, directly through the foramen, which 
is gradually widened in a step wise fashion with specially designed reamers and 
accompanying instrumentation. The patient can be placed in both the prone position 
and the lateral position. He/she is awake during the entire operation, which is carried 
out under local anaesthesia. This allows communication with the patient during the 
entire procedure. A THESSYS operation can be performed effectively in both a 
ho spi tal or an outpatient surgery center (Figure ll) . 
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Operating Technigue 

The lriangul•~r Jt.O::Ir~ ir.~,ll{JI''il .;IOCnrr.:.."'!J t~ Po.."\!i;:o K(!fllbir.~ a rod 
1'!1& r:..argel o)J'e.il of ~l!e VH:ESSYS'"' a~r~,;o;.""'l 

Figure ll 

A stepwise 3 staged guide-wire principal is used. Under X-ray control a variety of 
guiding rods, guiding tubes, the working cannula and the above mentioned crown 
reamers from the THESSYS manual instrumentation tray are being inserted into the 
intervertebral foramen. The foramen is gradually widened by reaming bone material 
away. As a result of this procedure safe access to the spínal canal is enabled. Through 
this access channel and the specifically developed spínal Foraminoscopes, which 
allow full endoscopic visualization, the prolapsed disc material, causing serious 
radicular symptoms, can be removed using the specially developed forceps, graspers 
and punches(Figure 12). 
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Figure 12 
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The most serious are injuries to the great vessels, including the aorta, inferior vena 
cava, and iliac vessels, as well as to other visceral structures, which can result from 
penetration of the anterior portion of the annulus fibrosus by surgical instruments. 
DeSaussure has described up to an 89 percent mortality rate associated with such 
vascular injuries. (l

9
) The response to such a misadventure is immediate laparotomy 

and repair of the vascular in jury with concurrent blood and fluid replacement. V enous 
air embolism has been reported by Albín during lumbar disc surgery. However, this is 
an extremely unusual complication. (I) 

The dura may be penetrated inadvertently during any phase of the operation. When 
this complication occurs, prompt repair with fine silk sutures (6-0 or 7-0), preferably 
on a noncutting needle, i s required. At the end of the repair, intra-abdominal pressure 
should be increased to determine that the closure is truly watertight. Failure to 
perform a meticulous repair may result in the formation of a spinal fluid fistula or a 
symptomatic pseudomeningocele or arachnoidocele. 

Nerve roots may be injured by excessive retraction, by laceration, orby heat from 
cautery instruments. Such injury can be avoided by packing the nerve roots with 
cottonoid patties and by keeping the use of metal retracting instruments to a minimal. 
Thermal injury is prevented by using the fine-tipped bipolar electrocautery. Unipolar 
cautery instruments are not used near the nerve root. Laceration of the nerve root 
cannot be effectively treated by a primary suture. Magnification with loupes or the 
operating microscope can prevent this complication. The surgeon must be sure to 
excise the annulus fibrosus and not an attenuated nerve root sleeve. To ensure correct 
excision, proper magnification and illumination are important. 

Complications in the immediate postoperative period include pulmonary atelectasis, 
which is minimized by avoiding general anesthesia. Intestinal ileus is only rarely seen 
and can be treated by using intravenous nutrition until bowel function is restored. Uri
nary retention is rarely seen in patients who are operated on under local or spinal 
anesthesia. Catheterization should be avoided, as most of these patients void 
spontaneously with proper medication and encouragement. Patients with prostatic 
hypertrophy or those with a serious cauda equina compression syndrome may require 
bladder catheterization. Catheterization should be done intermittently, and an 
indwelling catheter should be used only if intermittent catheterization is unsuccessful. 
Wound infection occurs infrequently. Analysis of a large series of cases.(BS) 
Thrombophlebitis is rarely seen, perhaps because of routine early mobilization. 

The most common complications from surgery, result from poor patient selection. 
Patients chosen on the basis of inconsistent objective data or those with significant 
psychosocial problems do not respond well to lumbar disc surgery. Insufficient 
criteria include radiographic information that does not coincide with the clinical data. 
Psychosocial factors include problems relating to compensation, litigation, pre
existing depression, or narcotic addiction. 
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Retained foreign bodies can be the cause of persistent pain. Accurate sponge counts 
and inspection of each cottonoid patty by the operating team to make sure that its 
identifying string is intact can help avoid these difficulties. Bone wax and other 
contaminants have been associated occasionally with intensive foreign body reactions. 

Arachnoiditis as a complication of lumbar disc surgery is simply not understood. 
Further confusion surrounds the issue of whether arachnoiditis is in itself a 
symptomatic entity. Extensive arachnoiditis has been seen in patients who have had 
only myelography without surgery. It has also been seen in patients who have had 
surgery without myelography, although this association seems to be much more 
tenuous. Logic would suggest that the insertion of a foreign substance under the 
arachnoid membrane is more likely to cause arachnoiditis than an extradural surgical 
procedure. When arachnoiditis has been seen aft:er surgery, often the surgeon has 
reported that the operation went smoothly. The intradural arachnoiditis related to the 
injection of contrast material may be associated with other contaminants in the 
injectate. Patients have been noted to have extensive but entirely asymptomatic 
arachnoiditis after both myelography and surgery. It is not uncommon for a patient 
who has had successfullumbar disc surgery and who is free of low back and leg pain 
to develop symptoms of cervical disc hemiation. Repeat myelography may 
demonstrate extensive asymptomatic lumbar arachnoiditis. 

A discussion of the results of lumbar disc surgery must be preceded by a statement 
about the patienťs psychological history. It is well known that patients involved in 
compensation and litigation do substantially worse after surgery than those not so 
encumbered. This was demonstrated with great clarity by Waddell and colleagues, 
who found that these individuals not only reported persistent pain after surgery but 
were subjected to repeated operations throughout the course of their li ves. (90) Because 
the mechanisms responsible for the failure of surgery are not fully understood, such 
patients are referred to other treatment facilities. If a patient with symptomatic 
lumbar disc hemiation has a history of preexisting depression, the depression is 
treated before surgery. Similarly, patients truly addicted to self-administered narcotics 
are weaned for several weeks before the operation, unless a progressive and 
significant neurological deficit precludes doing so. Psychologically stable patients 
with a symptomatic lumbar disc herniation that has been appropriately demonstrated 
radiographically should have a 96 percent success rate after a simple disc excision 
with magnification. DePalma and Rothman, in 1970, reported that 88 rercent of a 
series of 1500 patients thought that their surgery was worthwhile. <17 Motor and 
sensory deficits that were present preoperatively disappeared in 50 percent of the 
patients, and 90 percent lost the preoperative generalized symptoms and signs of 
spasm, tendemess, limitation of motion, and limited straight leg raising. Although it is 
likely that refined techniques have led to better results, it is also worth noting that 
greater sophistication has resulted in fewer failed operations, when pain relief is used 
as the principal criterion. 
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~.:- ~p{· c i fic Top!~~ of Conct•nt in Lumhar l>isc Oi~ca. c: 

Certain issues relating to the diagnosis, treatment, complications, and outcome of 
lumbar disc disease trouble surgeons frequently . 

• "1.5. 1 /_umbur fmradutai/Hw RuptuN·· 

Dandy was the first to report rupture of intervertebral disc material into the intradural 
compartment in 1942. (l

4
) This is a rare occurrence, with various series reporting an 

incidence of from 0.04 to 0.33 percent of surgically treated disc herniations,but it 
must be considered in the differential diagnosis of mass lesions causing nerve root or 
cauda equina syndrom es. <39> Mal es are affected more than females in a ratio of 3 to 1, 
and the age range of reported patients is 21 to 73 years. Over 95 percent of the 
patients who present with intradural disc herniation have a history, frequently of many 
years duration, of back and/or leg pain, and about one-third have had prior lumbar 
disc surgery at the level of the intradural herniation. Unusually severe trauma to the 
spine is not necessary to precipitate an intradural disc herniation. Essentially all such 
patients complain of rather severe low back pain with radiation to one or both legs. 
The neurological symptoms and findings are generally more severe than those 
encountered in patients with the more common lateral extradural disc hemiation. One
third of the patients have a significant single nerve root deficit, whereas about one
half have bilateral motor and/or sensory abnormalities as well as sphincter 
disturbances indicative of a partial cauda equina lesion. Both a complete cauda equina 
lesion and a complete absence of neurological deficit are rare in this group of patients. 
Positive mechanical findings suggesting nerve root compression or distortion are 
found in 75 percent ofthese patients. 

Radiographic evaluation of the patient with suspected intradural disc herniation is 
most effectively done with a combination of water soluble positive contrast 
myelography and computed tomography CT.c39> Myelography most often 
demonstrates a complete intradural block at the level of the lesion, although 
occasionally the intradural disc material can be completely outlined, as shown in 
(Figure 13) . The sharp, irregular margin of the lesion and its location adjacent to a 
disc space are characteristic of intradural disc herniation. Confusion with other 
intraspinal abnormalities such as neurofibroma, lipoma, meningioma, epidermoid 
tumor, arachnoid cyst, arachnoiditis, or metastasis may occur. However, these other 
lesions, with the exception of metastasis and arachnoiditis, usually have smooth 
margms. 
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Figure 13 Figure 14 

CT scanníng (Figure 14) serves to confirm the location ofthe lesion in the intradural 
space. In one reported case, magnetic resonance imaging (MRl) with gadolinium 
contrast material was not helpful in differentiating the disc fragment from a possible 
neurofibroma. (ZS) Most lumbar intradural discs are found at the L4-LS level, with 
higher lumbar levels being affected much less frequently. There is no well
documented case report of an intradural disc herniation at the L5-S I level. 
Cerebrospinal fluid (CSF) obtained at the time of myelography has an elevated 
protein level, and Smith has reported that macro phages obtained from a cytospin 
sample of CSF contained fibrocartilaginous debris, an observation that was helpful in 
confirming the diagnosis. <84

) 

The pathogenesis of lumbar intradural disc herniation is most likely related to dense 
adhesions between the ventral dura mater and the posterior longitudinalligament. The 
adhesions presumably prevent the more common lateral protrusion of the disc 
fragment and thereby allow it to penetrate the ventral dura that is tethered to the 
posterior longitudinal ligament. Although these adhesions may result from repeated 
minor trauma or prior surgery, (4) dense adhesions have been demonstrated in the 
lumbar spines of aborted fetuses and newbom cadavers. <

96
) In addition, 

biomechanical stresses on the lumbar spínal dura are concentrated at the L4-L5 
level, 7 and with aging the ventrallumbar dura may become attenuated, most often at 
L4-L5. (96

) These factors may explain the predilection of intradural disc herniations 
for this level. 

The treatment of intradural disc herniation is surgical removal. At operation the dura 
is commonly found to be adherent to the more ventral ligamentous structures. The 
intradural disc can be felt as a hard mass through the dorsal dura. Using 
magnification, the surgeon must separate the nerve roots of the cauda equina from the 
usually large, single disc fragment, which can then be easily removed. The ragged tear 
in the ventral dura does not need repair. ClO) 
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Following surgery, about two-thirds of patients obtain complete relief from their 
symptoms, and the remaining patients have partial resolution of their neurological 
deficit. The worse the preoperative deficit, the less likely a complete postoperative 
recovery of neurological function. No accumulations of spínal fluid from leakage 
through the ventral dural rent have been reported. Arachnoiditis can occur as a result 
of the intradural disc herniation and the manipulation of the cauda-equina roots 
necessary for its removal. 

A recurrent disc hemiation is diagnosed in a patient whose symptoms, radiographic 
findings, and other data suggest that a previously operated lumbar disc has again 
herniated to become symptomatic. The actual incidence of recurrence is highly 
variable. In one of the longest follow-up series involving 984 patients with a mean 
follow-up period of 10.8 years, the recurrence rate was 6 percent, and one-third of 
these recurrences developed during the first year after operation. (IS) When studied 
specifically, the recurrence rate has varied from 3 percent to 19 percent, generally 
being higher in series with longer follow-up times. 

The management of recurrent disc hemiation remains somewhat controversial. Many 
surgeons believe that fusion should be considered at the time of second operation, 
although this concept is held more widely among orthopedic surgeons than 
neurosurgeons. As experience with better imaging techniques evolves, and as 
individua! surgeons develop confidence in their procedure, the idea that a fusion must 
be done to relieve symptoms becomes less relevant. In the past, when the mechanics 
of the spine and the role of lumbar spine surgery were less clearly understood, fusion 
was a way to immobilize a segment where repeated difficulties evolved. Now that 
better imaging techniques are available, the specific cause of the symptoms can be 
discovered, and when it is indeed a recurrent disc herniation, removal of the disc frag
ment should be enough to relieve symptoms. Herron treated 46 patients for recurrent 
disc hemiation at an average of 7 years after the previous laminectomy (J?) In this 
group, 28 patients (69 percent) had a good result, 10 (24 percent) had a fair result, and 
3 (7 percent) had a poor result. Fusion was not used in any case. Herron concluded 
that in the absence of objective spinal instability, recurrent disc herniation can be 
treated adequately by repeat discectomy. 

The most important factor in determining the long-term result of lumbar disc surgery 
is how the patient thinks the problem developed in the first place. If the patient 
believes that it was caused by an injury or is the fault of someone else, then the results 
of surgery (if pain relief is to be used as the criterion) will be poor. If there is actíve 
litigatíon or if the patíent ís receiving workman's compensation because of a 
presumed injury that led to his treatment for lumbar disc hemiation, then the results 
will be substantially worse. Even in cases where injury did occur and the litigation has 
been settled, the results are still substantially worse in terms of pain relief and retum 
to normal activity. 

38 



Studies that look carefully into this problem are becoming more common. At one 
point there seemed to be some resistance among investigators to reporting their poor 
results with patients who had psychosocial problems of compensation and litigation. It 
seemed as if there was some stigma to "blaming," if you will, a poor result on the 
patienťs attitude toward how the problem developed. As the results and correlations 
became clearer, and as conscionable surgeons ultimately became hesitant to treat such 
patients, the issues of litigation and compensation were addressed in the objective 
scientific literature. One of the best analyses was that of Waddell et al. who pointed 
out the horrendous history of patients in Canada who had work-related injuries and 
underwent repetitive surgery with miserable results and failure to normalize their 
li ves. 

Patients with compensable injuries related to workman's compensation or to accident
related litigation should be treated separately from those not so encumbered. If there 
is a significant neurological deficit, the patient should be operated on promptly to 
avoid a further deficit. This stipulation relates specifically to significant motor deficits 
or bladder or bowel incontinence. Generally these cases are rare. Given that pain 
relief and return to functional activity are used as criteria for success in controlled 
scientific series, they should also be used for patients with psychosocial problems. 
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9. PERCUTANEOUSE LUMBAR DISECTOI\1Y 

The evolution of surgical technique in a11 specialties is toward procedures that cause 
less morbidity and are minimally invasive. In the area of spine surgery, this 
movement was heralded by the use of chymopapain to digest lumbar discs, introduced 
by Lyman Smith in 1964. <83

) After much controversy invo1ving clearance by the Food 
and Drug Administration, the agent was fina11y released for use in this country, but 
fears of anaphylaxis as well as sporadic cases of transverse myelitis have caused it to 
be abandoned by all but a handful of practitioners. Whereas chymopapain can be 
introduced into the disc via a thin needle, subsequent investigators employed 
re1atively 1arge cannulas (5 to 10 mm) to access the disc space by a posterolateral 
<37

,
46

) or true lateral approach, and removed nuclear material manua11y using specially 
designed rongeurs and forceps introduced through the cannula. The frequent need for 
general anesthesia and the specialized equipment required. 

In 1985 Onik and co11eagues reported the deve1opment of a thin (2 mm) cutting
aspiration probe that combined the advantages of the manual percutaneous technique 
with minimal invasiveness. <68

) Employing an oscillating guillotine knife across a side 
port connected to a negative pressure of 600 mmHg, the device morselizes the nucleus 
and carries it away in a saline irrigant. In this way it operates on the same principle as 
a vitrectomy device. At present more than 70,000 automated percutaneous discectomy 
procedures have been performed by hundreds of surgeons with an amazingly low 
morbidity rate. <

55
) 

9.1 lndicatiom 

9. LJ Llinixa1 I ndicatíon. 

Patient selection for automated percutaneous discectomy (APD) is identical to that 
employed for the "standard" open microdiscectomy technique. Because APD is easily 
performed and has negligible morbidity, there may be a tendency to "stretch" the 
conventional surgical indications and include patients for whom an open operation 
would not be deemed appropriate on clinical grounds. This practice is to be eschewed, 
however, as the success rate of APD drops to less than 50 percent when performed on 
patients who do not have a classic radiculopathy syndrome. <69

) 

Candidates for percutaneous discectomy should ideally meet the following criteria: 
(1) a major complaint of unilateralleg pain, with back pain less pronounced, (2) a 
positive straight leg raising test, (3) a specific neurological finding on physical 
examination (motor weakness, sensory alteration, reflex asymmetry). A history of 
previous APD, open surgery, or chymopapain treatment at the affected level does not 
contraindicate the procedure but does diminish expectations concerning outcome. A 
supervised trial of conservative management including aggressive physical therapy 
consisting of exercises and reconditioning of at least 6 weeks duration is suggested. 
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Although the clinical parameters used to select patients for APD follow long
established guidelines, the radiologie evaluation that is required is unique to the 
"intradiscal" treatment techniques (chymopapain, manual discectomy, automated 
percutaneous discectomy, laser discectomy). Since these methods of therapy can only 
operate within the confines of the disc space, the pathologic abnormality must be 
restricted to the area within the annulus 'or the contiguous posterior longitudinal 
ligament. A lesion outside the disc space-a free fragment-cannot be addressed by any 
intradiscal method and contraindicates these techniques. Radiologie studies therefore 
need to (1) establish the diagnosis of a true herniated disc and (2) detect larger 
herniations associated with fragmentation outside the confines of the disc space. The 
workup therefore begins with computed tomography (CT) and/or magnetic resonance 
imaging (MRl) to confirm the diagnosis of herniated nucleus pulposus (HNP). 
Associated lumbar abnormalities such as degenerative facet disease, lateral recess 
stenosis, or canal stenosis contraindicate the performance of APD, as does a calcified 
HNP. All these conditions are readily detectable with newer-generation CT scanning. 
Detection of disc fragmentation can be problematic, however. In general, a fragment 
is considered to exist if there is evidence of disc material on axial images obtained 
more than 1 mm from the disc space proper. Disc fragmentation also often has a 
characteristic appearance on lumbar sagittal MR images, with acute angulation of disc 
material beneath the level of the disc space. (44> 

Since the determination of disc fragmentation is critical to patient selection, routinely 
screen all APD candidates preoperatively with aCT /discogram of the suspect disc. 
Discography is performed under local anesthesia in the radiology suite days before the 
planned APD procedure. Plain radiographs are obtained, and the patient is then placed 
prone and a CT scan obtained through the appropriate level with the images formatted 
to include both magnified views of the disc and a view of the entire abdomen. The 
latter view constitutes the planning abdominal CT that is required before undertaking 
an APD with or without the discography . 

Although not routinely used by neurosurgeons, the CT/ discogram can provide much 
information that is useful in the selection of appropriate APD patients. Although a 
number of elaborate grading systems exist, we employ a simple morphologic de
scription. The discogram usually reveals one of three characteristic patterns: (1) the 
contrast agent is confined to the nucleus with no tracking through fissures-this is the 
normal appearance and contraindicates APD ; (2) the contrast material tracks through 
an annular fissure and collects at the site of the fo cal disc protrusion-the patient is an 
ideal APD candidate ; (3) the contrast agent traverses an annular fissure and runs 
freely in the epidural space-this is strong indirect evidence of disc fragmentation 
outside the ligament, even if the plain CT and/or MRl scans suggest a modest 
contained herniation. This appearance also contraindicates the APD procedure. 

An associated clinical finding with discography is the presence or absence of pain 
reproduction. When the radiologie selection process is completed, only a small subset 
ofherniated disc patients will be eligible for APD. 
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9. 1.3 Tl•chniqu · 

Correct placement of the APD probe in the disc space requires fluoroscopic 
confirmation in two planes-anteroposterior (AP) and lateral. The patient can be 
positioned either prone or lateral with the affected side up, the latter being the position 
we currently favor. In the lateral position a roll is placed under the patient just above 
the iliac crest and the patient is positioned so that the C-arm of the fluoroscope can 
rotate freely under the tahle to both the AP and lateral planes. Extensions are required 
for some tables in order to do this. A wide area from the midline out to 15 cm laterally 
is prepared with a 1 O-min iodine scrub/paint technique. 

lt is mandatory that general anesthesia not be used. Virtually all patients will tolerate 
the procedure with a combination of a local anesthetic and minima! intravenous 
sedation, as with fentanyl and midazolam. lt is vital that the patient remain aware 
enough to respond to any trauma to the root exiting at the foramen corresponding to 
the disc being manipulated (one level above the diseased disc). This is the root most 
likely to be inadvertently injured by improper probe placement,<72

) but this 
complication can be avoided in the awak:e patient, as any manipulation near this root 
will elicit severe sciatic-type symptoms. 

The proper trajectory ofthe probe can be ascertained from the planning CT. Using the 
center of the disc as the target, a posterolateral approach just lateral to the facet joint 
is the ideal route . The distance of the entry point from the midline can be directly 
measured from the CT and usually averages 8 to 12 cm. 

The remainder ofthe procedure is primarily a radiographic exercise, the goal being to 
place the probe in the center of the affected disc. Constant fluoroscopy in the lateral 
position is employed to identify the correct disc level by counting up from the sacrum, 
and the tube is then tilted slightly to project the x-ray beam parallel to the vertebral 
body end-plates. An entry point in this plane is selected at the appropriate distance 
from the midline as determined by the planning CT, and a generous skin wheal of 1 
percent lidocaine is raised. Under frequent fluoroscopic monitoring, the Nucleotome 
(Surgical Dynamics, Inc., San Leandro, CA) trocar is advanced toward the disc 
annulus, which corresponds to the posterior vertebral body line (PVBL) on the 
lateral radiographic projection . 

If bone is encountered short of this point, then the probe is projecting too medially 
and is encountering the facet joint; the probe should be withdrawn and redirected 
more laterally. If the annulus is not contacted just anterior to the posterior vertebral 
body line, then the path is too lateral and the probe should be withdrawn and 
redirected accordingly. lt should be noted that it is impossible to obtain proper probe 
placement if the annulus is not encountered by the time the probe reaches the poste
rior vertebral body line, so there is no reason to advance the probe beyond the 
posterior vertebral body line in the lateral projection. Rather it is safer to pull out and 
reposition. Finally, it is useful to note that manipulation of the exiting root as 
indicated by severe radicular pain is evidence of a too lateral path and mandates redi
rection. <40

) Often the entry point must be moved another I to 2 cm laterally to achieve 
the correct position. 
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Once the probe is aligned with the PVBL in the lateral projection, an AP view is 
obtained. The tip of the trocar should fall within the column formed by the medial and 
lateral extremes of the pedicle above and below the affected disc (Figure 15). If the 
probe is lateral, it is in the psoas muscle; if medial, it is in the thecal sac; the latter 
maneuver is responsible for the occasional post-spínal type headache encountered 
following APD. If correct placement is assured, the probe is advanced to the midline 
in the AP projection, and then a lateral view is obtained. The probe tip should fall in 
the middle one-third of the disc, ideally slightly posterior to the midpoint. It should be 
noted that many patients will experience back pain as the trocar abuts the annulus; this 
should not be confused with severe radicular pain indicating pressure on the nerve 
root.A no.2 blade is used to slightly enlarge the skin opening, and the dilator/cannula 
device is passed over the trocar to the annulus. 

The dilator is removed and the trephine is used to create a hole in the annulus. Using 
finn pressure on the cannula to hold it in place, the trocar is removed and the APD 
device is advanced into the disc. Proper placement of the device is confirmed in the 
AP and lateral projections by fluoroscopy before the device is turned on. Again 
keeping firm pressure on the cannula, the APD is run at the maximum suction and 
cutting rate. A systematic approach is employed to cover all the disc space possible by 
repetitive entry and withdrawal. Especially the area posterior to the annulus on the 
entry side that is closest to the disc herniation. This regime of disc removal is then 
repeated with the patient in the flexed and extended positions. Disc removal continues 
until scant material is seen in the exiting irrigant line. Which usually requires 
anywhere from 15 to 30 min. The APD device is then removed through the cannula 
and either a sterile adhesive strip or a single subcutaneous polyglactin stitch is used to 
close the skin opening. The patient is discharged from the hospital approximately 2 h 
later when the sedati on has wom o ff (Figures 15, 16). 

~.~--- .... _ 
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Figure 15 Figure 16 

Following the APD procedure, patients are instructed to limit their activities for 2 
days and then gradually to resume normal function. All patients are enrolled in an 
aggressive physical therapy/work hardening program after the APD procedure, as 
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most patients have lost muscle tone and reserve during the long period of inactivity 
imposed by their disability. 

9.3 )>}'0\'Niorcs al 5-S I 

The above description applies to all lumbar levels except L5-S 1. The superimposed 
iliac crests create a number of problems in regard to probe placement and the ability 
to perform the procedure. 

If an APD at L5-S I is contemplated, an AP pelvic radiograph should be obtained 
preoperatively. A transitional vertebra on the affected side essentially precludes an 
APD. Another harbinger of problems is difficulty in performing the discogram, 
especially if the radiologist must employ a transdural approach to the disc. In general, 
the gently sloping crests of the female pelvis will usually allow instrumentation of L5-
S I, whereas the high, narrow crests of asthenic mal es often wi11 not. 

Probe placement begins just above the iliac crest, the path being both medial and 
inferior. As the entry point is moved more laterally a more vertical approach to L5-S I 
is mandated. Therefore it is best to use a very medial (8 cm) approach initially. 

Using the guidelines elaborated above, the probe is placed in the center ofthe disc and 
the curved cannula is substituted for the straight one. A pitfall peculiar to L5-S 1 i s the 
tendency for the cannula to slip away from the trephine opening when the trocar is 
removed from the disc. This tendency can often be countered by very firm pressure on 
the cannula, but often multiple punctures of the annulus are required. Finally, the 
angle between the iliac crest and the L5-S 1 disc space may be simply too steep to 
allow passage of the device even with the curved cannula, obviously necessitating 
termination of the procedure. 

The best inventory of complications in a large series is the one compiled by Onik . 
Among 506 procedures performed by 18 investigators, there were two cases of 
discitis, one psoas hematoma causing groín pain, and a vasovagal reaction. The total 
complication rate was < 1 percent. Another series of 1054 patients-including some of 
those reported on in the previous paper-indicates a 0.2 percent complication rate: two 
cases of discitis and one psoas hematoma. (S

4
) Among the thousands of APD 

procedures that have been performed worldwide, there is anecdotal evidence of two 
probe tips retained in the L5-S 1 disc space without complication (G. Onik, persona! 
correspondence, 1993). There have also been two separate reports of devastating 
cauda equina syndromes following incorrect probe placement during APD<24

•
69

) These 
incidents further reinforce the critical importance of confirming the placement of the 
device by radiography in two separate planes as well as of the proscription of general 
anesthesia. 
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9.5 Rcsu!b 

Severa! multi-institutional trials of APD report success rates very near 75 percent . Of 
additional note is the similarity ofthis 75 percent success rate to the published success 
of other percutaneous methods such as chymoopapain and laser treatment. (9) 

lnterestingly, the results of chymopapain treatment have been reported to improve to 
95 percent when CT/discography is uniformly used as a screening tool . (ZJ) It may be 
anticipated, therefore, that improvement in the 7 5 percent success rate of APD could 
occur if CT/discography were used routinely. Castro found an 80 percent success rate 
when patients met specific CT/discogram criteria, versus 53 percent when they did 
not. (S) 
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lO.REHABILITATION OF THF P ATIEl"-J T WTfH 
HERNIATED INTER'YERTBRAL DISC 

The rehabilitation principles and methods discussed below have been derived through 
a synthesis of the available literature; integration of functional anatomy and newer 
biochemical concepts; extensive clinical experience; and the primary physiatric 
postulate of functional progression. These principles can be applied to all spínal 
disorders in the acute, subacute, and chrome stages, as well as in both nonoperative 
and postsurgical patients. Disc herniations, including large extruded fragments, have 
been demonstrated to resolve without surgery, and resolution of signs and symptoms 
can occur even if disc material remaíns in the spínal canal. Invariably, changes in soft
tissue and articular mobility and loss of strength and overall fitness occur in cases of 
dísc herniation and wíth other spínal problems. 

In both operative and nonoperatíve patients, absence of symptoms does not imply 
normal function. Correction of soft-tissue inflexibility and re-establishment of proper 
spínal segmental motion are necessary. Assessment and treatment of the entire kinetic 
chain is required. Normal trunk and lower extremity strength, endurance, and power 
should be combined with education and traíning for posture, body mecharůcs, and 
proprioception to allow successful and sustaíned return to activity (3S) • 

ll . I (.oals nf , (lina) RdHshilitalion 

The acute phase goals o[a spinal rehabilitation program are listed as (ollows: 

• Education and protection of the ínjured tissue 
• Control of pain and reduction of inflammation 
• Early mobilization and physiologic loading ofjoint and soft-tissue structures 
• Implementation of therapeutic exercise 

The subacute phase goals o[a spinal rehabilitation program are listed as (ollows: 

• Full pain-free range ofmotion ofthe ínjured and adjacent segments, as well as 
other spínal, hip/shoulder girdle, and lower/upper extremity structures that 
influence the spine (í.e., the entire kínetic chain) 

• Optimal strength, endurance, and coordinatíon of the neuromuscular system 
affecting the spine 

• Return to normal activity 
• Prevention of further ínjury and recurrences 
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10.2 Thc l~olr of Manual Thcntp. : '\1ohilization :\nd 1\Ltnipulation 

Regaining soft-tissue flexibility and segmental motion can be accomplished through a 
variety of manual therapy techniques, including myofascial release c3o) , joint 
mobilization or manipulation <51

•
72

) , muscle energy techniques <
30

) , and stretching. 

The myofascial system is a functional joint that must be addressed because of its 
ability to restrict motion and generate pain when in a dysfunctional state. The 
functions of the fascia are to separate and support muscles allowing for independent 
function while joining them into a functional unit, to absorb shock, to transmit 
mechanical force, and to exchange metabolites from fibrous elements to the 
circulatory and lymphatic systems. Immobility can result in dysfunction of the fascial 
system. This can result from an injury with associated pain, swelling, and adhesions; 
from treatment such as postoperative immobilization; and from avoidance behaviors 
and altered posture or body mechanics. 

The fascia is connective tissue consisting of layers of collagen and elastin in a water
based ground substance matrix. The fascial sheaths are continuous and interwoven, 
enveloping all structures from the dermis to the periosteum. The superficial elements 
are thinner and more delicate, allowing freedom of movement of the skin, whereas the 
deeper layers are thicker and stronger, designed for structure and support. With 
immobility, the fascia desiccates, loses elasticity, and fails to maintain critical fiber 
distance. The layers of fascia are then glued together by cross-linking fibers and 
impede movement. Decreased mobility in the myofascial system can lead to 
decreased spínal segmental mobility and extremity flexibility. Myofascial releasing 
techniques are designed to apply pressure and shearing forces to the layers of fascia, 
loosening and separating them. Restoration of fluidity, nutrition, elasticity, and 
freedom of movement results. 

Assessing spínal segmental motion and restoring motion to restricted or hypomobile 
segments again demands precisely applied manual techniques (51

•
88

) • Hypomobility 
can result from impairment of soft-tissue supporting structures ( e.g., muscle 
hypertonus, fascial restriction) or from the intrinsic components of the three-joint 
complex ( e.g., disc degeneration, z-joint dysfunction). The latter includes interna! 
joint derangement, capsular fibrosis, and periarticular scarring. Adjacent hypomobile 
segments can cause increased stress on injured segments, and injured segments may 
cause hypermobilities at adjacent noninjured joints. As noted before, hypermobility is 
frequently associated with symptom production. 

The key to mobilization is to direct energy at a specific level only. Mobilization and 
manipulation in a healthy motion segment do not affect vertebral joint alignment 
per se as much as the smoothness and glide of joint motion (178). Gross rotatory 
manipulations that may affect multiple levels regardless of joint hypermobilities are 
not indicated. Mobilization techniques do not provide long-term relief to painful 
segments due primarily to discogenic abnormalities and do not reduce disc 
herniations. However, temporary pain relief may occur from mechanoreceptor 
stimulation, stretch of adhesions, or restoration of shortened muscle length. Muscle 
energy techniques can be used with mobilization to improve segmental mobility (30) • 

These techniques use the patienťs own isometrie muscle contraction to relax 
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hypertonie muscles by resetting the gamma gain in the muscle spindles. The isometrie 
contraction also can be used to mobilize a joint and may be less painful than passive 
mobilizations. 

HLl .Rc;;t :.11ul :xl•r cisc 

Prolonged immobility results in a wide range of deleterious effects <12
) , including 

reduction in aerobic capacity; loss of muscle strength; impaired muscle and 
connective tissue flexibility; promotion ofbone demineralization; increased segmental 
stiffness; impaired disc nutrition; and promotion of the illness role. Immobility has 
been clearly shown to result in strength deficits :1 %to 3% /day and 10% to15% I 
week after complete bed rest <61

) ; up to 70% loss in sagittal plane trunk strength 6 
months after the onset of lumbosacral pain (S

6
) ; and 30% loss of trunk strength for 

multiple parameters 1 year status post-lumbar diskectomy <45
) • 

There are significant methodologic flaws with the bed rest studies, including 
noncompliance and lack of diagnoses (no physical examination or imaging data 
presented). N evertheless, the available literature suggests that limiting bed rest to a 
short time period is not detrimental to most patients, even those with some radicular 
symptoms. There is no controlled data as to the efficacy of bed rest in patients with 
documented disc herniation with or without radiculopathy. 

Exercise has become a standard for the management of spínal pain. However, various 
parameters can be used to define the term "exercise," including strength (maximal 
force produced from a single effort), endurance (capacity to sustain sub maximal 
work), aerobic fitness (as measured by V02 max), flexibility, and coordination 
training. Furthermore, exercise can be passive or active and supervised or 
unsupervised. It is illogical to assume that one exercise regimen will be effective in all 
patients with spínal pain. Furthermore, nonspecific exercise for a nonspecific 
diagnosis is destined to be unsuccessful. 

Aerobic training may help to decrease acute pain by elevating endorphin levels and 
mechanoreceptor stimulation, provide biomechanical stress to promote tissue healing, 
and increase endurance and coordination of the neuromuscular system. However, 
there is no conclusive evidence in the literature that aerobic exercise prevents the 
development of or hastens recovery from an episode of acute low back pain. At best, 
aerobic fitness may be mildly protective against low back injury and low back pain. 
Low back pain may lead to reduced activity and concomitant reduction in aerobic fit
ness, which may be a more significant problem in chronic or recurrent situations. The 
loss of aerobic conditioning may have adverse consequences in terms of 
cardiovascular risk factors and decreased work capacity. This may be a basis to 
recommend aerobic exercise as a component of a spine rehabilitation program. 

The goal of exercise for the treatment of acute back pain is pain control, not strength 
gains because acutely this does not physiologically occur. Several randomized, 
prospective studies have failed to demonstrate a benefit for exercise over placebo 
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treatment in acute low back pain <27
•
52

•
47

•
20

). However, methodologic flaws, including 
lack of physical examination and imaging data and institution of a standard exercise 
program (emphasizing either flexion or extension postures), irrespective of the 
clinical features, leave these conclusions suspect. Initial exercises, movement into flex 
ion or extension, depend on which activity centralizes low back pain (i.e., less 
radicular pain) or does not exacerbate low back pain. 

Usually extension exercises are begun with prone lying with support under the 
stomach to maintain a neutral position. These are progressed as tolerated to prone 
lying unsupported, support under the chest, prone on elbows, and pressups (86

•
76

) • 

Lateral trunk shifts must be corrected before initiating extension exercises. Patients 
can be instructed in self-correction techniques. Theoretically, extension exercises may 
be effective in reducing pain by decreasing tension in the posterior annular fibers, 
increasing mechanoreceptor input activating the gate mechanism (S

8
) , decreasing 

tension on the nerve root, changing intradiscal pressure <62
) , and allowing anterior 

migration of the nucleus pulposus (S
8
) • Repeated extension posturing in standing, for 

use after sitting or forward bending activities, should be taught. Contraindications to 
extension exercises include segmental hypermobility or instability, large or un
contained hemiation, bilateral sensory or motor signs, significant increase in low back 
pain unless associated with concomitant reduction in radicular pain, and increase in 
radicular sensory disturbance. If hypermobility exists at a segment adjacent to a disc 
herniation, manual blocking of extension at that level can be applied by the therapist, 
and patients can be taught to generally reduce motion at the lower lumbar segments. 
Care must be taken to prevent secondary hypermobility at the thoracolumbar segment, 
however, which also can occur if extension exercises are emphasized in a patient with 
lumbar segmental hypomobility. 

The classic Williams flexion exercises <94
) are theoretically effective by decreasing z

joint compressive forces, stretching hip flexors and lumbar extensors, strengthening 
abdominal and gluteal muscles decreasing the compressive load to the posterior disc, 
and opening the intervertebral foramen. This explains its long history of use in acute 
disc presentations. Flexion exercises may be better tolerated in centra! disc 
herniations, but acute dural tension is likely to be aggravated by flexion. 

Pelvic tilts should be performed in multiple positions, including bent knees, straight 
legs, and standing. Posterior pelvic tilt unloads the z joint and aids in pelvic 
awareness. Single knee-to-chest maneuvers help stretch the contralateral hip flexors 
and ipsilateral extensors, and double knee-to chest positions promote stretching of the 
lumbar and hip extensors. Partial sit-ups strengthen the abdominal muscles. 
Contraindications to flexion exercises include segmental hypermobility or instability, 
increase in low back pain, and peripheralization of pain into the lower extremity. 

Once the acute pain subsides, the focus of the rehabilitation program is to improve 
function. Strengthening exercises have long been considered an integral part of this 
process. There is some prospective data that support the position that improved trunk 
strength and/or endurance is protective from developing low back pain or injury. 
Exercises to improve the function of the spínal musel es are generally known as spinal 
stabilization <77

•
81

•
87

) . 
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Stability of the lumbar spine is provided by bony architecture, disc mechanics, 
ligamentous support, and muscular strength, endurance, and coordination. Optimal 
muscle strength can protect the spínal motion segment from chronic repetitive shear 
stress or acute dynamic overload. The concept of spine stabilization implies a muscle 
fusion. The various abdominal, pelvic, and trunk muscles that attach to the TLF flex, 
extend, and rotate the spine, thus acting as an abdominal corset . Increased intra
abdominal pressure does not appear to be the mechanism of stabilizing the disc and 
joint because the force needed would compress the aorta and possibly cause a flex ion 
moment of the lumbar spine. Rather, reduction of shear forces across the three-joint 
complex is accomplished by abdominal co contraction and tension generation in the 
TLF and midline ligaments. 

There has been controversy regarding the role of the smaller intersegmental musel es 
in stabilizing the lumbar spine <13

•
71

) • The multifidi span only two to four segments 
and lie very close to the midline and center of rotation of the motion segment. This 
implies poor mechanical advantage as a prime mover; indeed, these muscles are not 
efficient prime movers. The force vectors of the multifidi indicate that they can 
generate posterior rotation in a sagittal plane. Because contraction of the abdominal 
oblique muscles results in combined motion into flex ion and rotation, the multifidi 
are recruited to cocontract with the intemal oblique, counterbalancing the forward 
shear force, stabilizing the segment, and allowing pure axial rotation. Thus, the 
multifidi are effective as stabilizers, can balance shear forces, and seemingly 
produce rotation, although not as primary rotators. The multifidi also secondarily 
maintain the lumbar lordosis by the nature of the force vector posterior to the verte
bral bodies. The multisegmental muscles of the spine have been shown to be more 
efficient prime movers, with the greatest efficiency occurring with those muscles 
originating from the pelvis, spanning the most segments, and located most laterally 
from the midline <13

) • 

The stabilization sequence includes strengthening of the segmental muscles, neutral 
spine stabilization, and finally strengthening of the prime movers. The intersegmental 
muscles act as tonic or postural stabilizers of the spine, tending to fatigue first and 
atrophy first after spínal injury. Therefore, initial stabilization exercises are directed 
toward these muscles, which can control individua! segmental mobility. These are 
typically manually resisted exercises of the trunk limited to short arcs performed in 
rotation, flexion, extension, and side-bending. The next phase of stability training 
involves direct and indirect strengthening of muscle groups through a variety of 
exercises performed in a neutral spine posture. N eutral spine is defined as the 
midpoint of available range between anterior and posterior pelvic tilt, not the absence 
oflordosis (Figure 17). Neutral positioning has the following advantages: 

• It is a loose-packed position that decreases tension on ligaments and joints 
• It allows more balanced segmental force distribution between the disc and z 

joints 
• It is close to the center of reaction, allowing movement into flexion or 

extension quickly 
• It provides the greatest functional stability with axialloading It is usually the 

position of greatest comfort 
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Training begins with exercises designed to help locate the neutral spine in a variety of 
body positions-such as prone lying, standing, sitting, and jumping-which increases 
awareness of lumbar and pelvic motion. This is followed by exercises of the 
extremities while maintaining neutral spine and later with addition of resistance to the 
extremities, either manually or with weights. These exercises are performed slowly, 
with the emphasis on precise pelvic control. 

A 8 

Figure 17 : A (Neutral position of spine and pelvis),B (Posterior Pelvic Tilt), 
C (Anterior Pelvic Tilt ) 

This will facilitate neuromuscular coordination and enhance endurance and strength 
gains. These neutral spine-stabilizing exercises also emphasize the smaller postural 
stabilizers. Examples of these exercises include supine pelvic bracing (Figure 18A); 
supine pelvic bracing with alternating arm and leg raises ("dead bug") (Figure 18B); 
bridging (progressing from the basic position) (Figure 19) to balancing on a gym
nastic ball with various lower extremity positions (Figure 20) and resistance; and 
quadraped pelvic bracing with alternating arm and leg raises (Figure 21) with and 
without resistance. 

Ultimately, strengthening of prime movers, including abdominals, erector spinae, and 
latissimus dorsi, is required. The longer lever arms of these musel es provides for their 
efficiency and strength. Abdominal exercises have been historically emphasized as 
part of a low back exercise program, especially sit-ups. Sagittal plane sit-ups are used 
in the stabilization routine but are limited to partial curl-ups, lifting the head and 
upper body only. During this initial phase, the obliques and rectus abdominus are 
activated, whereas in the second half of a full sit-up, the iliacus and rectus femoris 
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provide the main muscular force. Lower extremity strength is necessary because these 
muscles work in a coordinated manner with the trunk, especially during lifting, where 
the gluteal and hamstring muscles are the prime posterior rotators of the pelvis and 
trunk. Quadriceps strengthening is very important for support of body weight during 
squatting. 

A 

Figure 18: A (Supine Pelvic Bracing) , B (Supine Pelvic Bracing with altemating arm 
and leg raises DEAD BUG ) 

Figure 19 : Basic position ofbridging exercise 
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Figure 20 : Gymnastic ball stabilization exercises with degree of difficulty from A -C 

A 

B 

Figure 21: A (Quadruped stabilizing exercise with pelvic bracing), 

B (Quadruped stabilizing exercise with altemating arm and leg) 

Maximizing lower extremity muscular flexibility is also important for allowing 
normallumbar motion. Because of their attachments to the pel vis, the hip flexors and 
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extensors have a great influence on positioning of the lumbar spine. Adequate hip 
muscle flexibility allows for hip joint motion independent of lumbar segmental 
motion and is essential for the use of proper body mechanics and posture. Poor 
flexibility will cause excessive stress to be transmitted to the lumbar motion segments 
and sacroiliac joints. Two typical patterns of lower extremity inflexibility include 
hamstring, gluteus maximus, and gastrocnemius-soleus tightness, or hip flexor, tensor 
fascia lata, and quadriceps tightness. The later combination is most common in ballet 
dancers and runners. Tight hip flexors (i.e., iliopsoas) and quadriceps (i.e., rectus 
femoris) often cause extension and rotation hypermobilities in the lumbar spine. Ifthe 
iliopsoas is contracted in a shortened position, the pelvis is maintained in excessive 
anterior tilt, placing the hip extensors (i.e., gluteus maximus and hamstrings) at a 
mechanical disadvantage. Therefore, early recruitment of lumbar extensor muscles 
(i.e., erector spinae) is necessary, resulting in excessive shear or torsion stress to the 
intervertebral disc. Self-stretching techniques should be taught as early as possible to 
allow active involvement in the rehabilitation program. It is essential to stretch with as 
neutral a pelvic position as possible because excessive anterior or posterior pelvic tilt 
will diminish the benefits ofthese flexibility exercises. 

Because the trunk is the platform for the cervical spine and head, proper strength and 
stability of the lumbar spine is critical for obtaining and maintaining the position of 
optimal function of the cervical spine. Opening of the thoracic outlet through 
aggressive manual and active soft -tissue stretching exercises ( emphasizing the 
anterior shoulder girdle and cervical spine), and mobilization of the stiff, hypomobile 
segments (avoiding the mid-cervical hypermobility) prepares the individua! for a 
comprehensive cervicothoracic stabilization program. 

The sequencing of strengthening begins with isometrics, initially with the head 
supported in a neutral position, varying positions relative to gravity and gradually 
progressing out of neutral positioning. This is followed by isotonic exercises, 
emphasizing concentric strengthening of the lengthened and weakened muscles . 
Positions that may compromise the spínal nerves, such as extreme flexion or 
extension, are avoided, the exercise positions are varied from gravity eliminated to 
antigravity to place the maxima! demands on these muscles. The scapular stabilizers 
and thoracic extensor muscles are emphasized, coupling cocontraction of these axial 
muscles with upper limb strengthening to simulate the physical demands of daily 
activities. Ultimately, complex, multiplane movements are incorporated to further 
prepare the injured individua! for return to regular activities of daily living-at home, at 
work, and recreationally. 

The McKenzie Method involves more than just exercise 

A common perception is that the Mckenzie approach comprises a set of exercises that 
people can do on their own. While this is true, the McKenzie Method is really an 
overall program of assessment, treatment and prevention strategies (including 
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exercise) that are usually best leamed with a physical therapist who is trained in the 
method. 

Overal! goals for healing from back problems that cause pain 

The McKenzie Method was developed in the 1960's by Robin McKenzie, a physical 
therapist in N ew Zealand. In his practice, he noted that extending the spine could 
provide significant pain relief to certain patients and allow them to return to their 
norma! daily activities. 

With the McKenzie approach, physical therapy and exercise used to extend the spine 
can help "centralize" the patienťs pain by moving it away from the extremities Oeg or 
arm) to the back. Back pain is usually better tolerated than leg pain or arm pain, and 
the theory of the approach is that centralizing the pain allows the source of the pain to 
be treated rather than the symptoms(Figure 22). 

c 

o 

Figure 22: A,B,C (Reverse flexion based exercises) ,D (Back extension exercises) 
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A central tenet of the McKenzie Method is that self-healing and self-treatment are 
important for the patient' s pain relief and rehabilitation. N o passive modalities such as 
heat, cold, ultrasound, medicine or needles are used in the treatment. 

The long-term goal of the McKenzie Method is to teach patients suffering from neck 
pain and/or back pain how to treat themselves and manage their own pain for life 
using exercise and other strategies. Other goals include: 

• Reduce pain quickly 
• Return to normal functioning in daily activities 
• Minímize the risk ofrecurring pain (avoid painful postures and movements) 
• Mínimize the number of return visits to the spine specialist 

The movement of pain from the extremities to the back will not occur with all 
patients. The McKenzie Method is designed to help patients where the pain does 
"centralize." Also, for some patients, such as those with lumbar spínal stenosis or 
facet joint osteoarthritis, extending the spine may actually increase their pain. 

Leg pain or sciatica from a herniated disc is commonly caused by disc material 
protruding backwards and irritating or compressing a nerve root, which in turn causes 
pain to radiate along the sciatic nerve. 

Specific exercises for sciatic pain from a herniated disc are prescribed according to 
which positions will cause the patienť s symptoms to move up the lower extremity 
and into the low back. 

For many patients, getting the pain to move up from the leg to the low back is 
accomplished by getting into a backwards bending position, called 

EXTENSION EXERCISES OR PRESS-UPS. 

• The low back is gently placed into extension by lying on the stomach (prone 
position) and propping the upper body up on the elbows, keeping hips on the 
floor (Figure 23). This should be started slowly, since some patients cannot 
tolerate this position at first. 

Figure 23 
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• Hold the press-up position initially for five seconds, and gradually work up to 
30 seconds per repetition. Aim to complete 1 O repetitions. 

After practicing this exercise, the spine specialist may recommend a more advanced 
form of the extension: 

• Prom the prone position (lying fiat on the stomach), press up on the hands 
while the pelvis remains in contact with the floor (Figure 24). Keep the lower 
back and buttocks relaxed for a gentle stretch. 

• This position is typically held for 1 second, repeated 10 times. 

Figure 24 

1!).5.2 Pr :tctk:d point 

For many people with hemiated discs, extension exercises that arch the spine 
backward rather than fl ex it forward will provide more relief If the patient is unable to 
lie fiat, a similar exercise can be done standing by arching backward slowly with hands on 
hips (Figure 25). However, the prone position described above is usually preferred. 

Figure 25 

These extension exercises are done regularly, about every two hours. More 
importantly, the spine specialist may recommend that the patient with this condition 
should avoid getting into a forward flexed (bent over) position. This tends to 
counteract the effects ofthe extension exercises. The specialist may ask the patient to 
correct any forward flexed positions immediately by doing an extension exercise. 
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As the patienťs pain works out ofthe lower extremity (leg) and centralizes in the low 
back, the exercises typically are advanced to strengthen the low back and abdominal 
musel es to prevent recurrences of sciatic pain caused by a herniated disc. 

Low back muscle strengthening exercises: 

• UPPER BACK EXTENSION. In the prone position with hands clasped 
behind the lower back, raise the head and chest slightly against gravity (Figure 
26) while looking at the floor (stay low). Begin by holding position for 5 
seconds, and gradually work up to 20 seconds. Aim to complete 8-1 O 
repetitions. 

Figure 26 

• In the prone position with the head and chest lowered to the floor, lightly raise 
an arm and opposite leg slowly, with the knee locked, 2-3 inches from the 
floor (Figure 27). Begin by holding position for 5 seconds, and complete 8-1 O 
repetitions. As strength builds, aim to hold position for 20 seconds. 

Figure 27 

Abdominal muscle strengthening exercises: 

• CURL-UPS. For the upper abdominals, the patient should lie on the back with 
knees bent, fold arms across the chest, tilt the pel vis to flatten the back, and 
curl-up lifting the head and shoulders from the floor (Figure 28). Hold for two 
to four seconds, then slowly lower to starting position. As strength builds, aim 
to complete two sets of ten curls. Do not attempt to lift too high, and bring the 
head and chest towards the ceiling. For patients with neck pain, place the 
hands behind the head. 
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Figure28 

• For the lower abdominals, tighten the lower stomach muscles and slowly raise 
the straight leg 8 to 12 inches from the floor (Figure 29), keeping the low back 
held fiat against the floor. Hold leg raise for eight to 1 O seconds, then slowly 
lower to starting position. As strength builds, aim to complete two sets of ten 
lifts. 

Figure 29 

• W ater exercises are also excellent to strengthen the lower abdominal musel es, 
and evenjust walking in waist-deep water can be helpful. 

Hí.5A ()!JH'r ťorm.-: ofsdatka <:\l'e· :is • 
Aerobic conditioning may also be encouraged for general body fitness. In general, 
walking is an excellent form of exercise for the low back because it is relatively low 
impact but can provide all the bene:fits of an aerobic workout. If possible, it is best to 
gradually progress to doing up to three miles of exercise walking at a brisk pace each 
day. 

59 



I 0.6 Acl,juncth c 'I hťrapit'. 

lO.ťl.l \q un 1 Íl' Rchuhiliration 

Properly designed aquatic programs can help rehabilitate patients with lumbar spine 
injuries (ll) . Aquatic stabilization techniques and swimming programs can be used 
with aggressive, comprehensive, land-based spine stabilization programs or as the 
only rehabilitative method. The success or failure of aquatic therapy is not determined 
by swimming skills alone, because swim stroke proficiency is not a model for 
successful treatment. 

Aquatic spine programs offer advantages that are directly related to the intrinsic 
properties of water: buoyancy, resistance, viscosity, hydrostatic pressure, temperature, 
turbulence, and refraction. Graded elimination of gravitational forces through 
buoyancy allows training with controlled load through the lumbar spine. In essence, 
water increases the safety margin of postural dysfunction by decreasing the com
pressive and shear forces on the spine. The motion velocity can be controlled by water 
resistance, viscosity, buoyancy, and training devices. Buoyancy increases the range of 
training positions. Many believe that pain attenuation takes place in the water because 
of the "sensory overload" generated by hydrostatic pressure, temperature, and 
turbulence. The psychological outlook of athletes may be enhanced because 
rehabilitation occurs in their competitive environment. 

Accurate diagnosis of a patienťs spínal injuries and/or observation of his initial 
responses to land-based or aquatic stabilization programs helps determine further 
treatment. A transition from dry to wet exercise conditions is beneficial in that it 
eliminates dry-land risks; establishes a supportive training environment; provides a 
new therapeutic activity; decreases the risk of peripheral joint injury; and allows a 
retum to prior activity. Moving from dry to wet environments also should be 
considered if a patient cannot tolerate axial or gravitationalloads; increased support in 
the presence of a strength or proprioceptive deficit is required; or there is a risk of a 
compression fracture. 

Remaining in a water supported environment is appropriate if a dry environment 
exacerbates symptoms or if the patient prefers water. Transition from a wet to a dry 
environment should occur if the exercise program is progressing in the water, but the 
patient must retum to land to most efficiently achieve his or her functional goals. 

Altemative somatic physical therapy techniques are increasingly being integrated into 
traditional treatment programs cs9

) . Somatic therapeutic treatment strategies can be 
integrated into an eclectic physical therapy approach to address disorders of the 
locomotor system, including those caused by spínal pain. The Alexander Technique, 
the Feldenkrais Method, Rolfing (structural integration), and Aston Patteming are 
types of altemative somatic physical therapy programs. These techniques emphasize 
the study ofhuman movement and treatment through subjective experience. 

Developed around the tum of the century by an Australian named F .M. Alexander, the 
Alexander Technique is a method of psychophysical education allowing for more 
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graceful and fluid posture and movement. Although the emphasis of this technique is 
education rather than training, it often yields therapeutic benefit because improved 
posture and movement frequently help lumbar spine pain and dysfunction resolve. 
The essence ofthis technique is the difficult-to-define concept of "use." Use includes 
all aspects of human action. The technique teaches that movement must be preceded 
by conscious attention rather than unconscious action in response to a given stimulus. 
Verbal cues in conjunction with tactile feedback from the instructor provide 
kinesthetic awareness, helping patients achieve a sense of effortless poise and balance 
throughout their entire bodies. 

The Feldenkrais Method was developed by an Israeli physicist, Moshe Feldenkrais. 
This method also helps patients improve their kinesthetic awareness to achieve better 
sensory-motor integration and learning. Two integrated formats are used: functional 
integration and awareness through movement. Functional Integration incorporates a 
one-on-one treatment format in which the practitioner's tactile input is used to 
facilitate a change in a patienťs neuromuscular organization to produce efficient (non
energy-wasting) movement. The treatment approaches a dancelike style. Awareness 
through movement occurs in a group setting and incorporates repetitive, nonstrenuous 
active movements performed in a planned sequence. V erbal cues are provided to 
advance patients through a structured sequence of simple movements that are then 
integrated into complex movement pattems. 

Rolfing, also known as structural integration, is another type of somatic therapy. It 
was developed by Jda Rolf, a biochemist and physiologist. This approach seeks to 
improve a patienťs "vertical alignment" by deep manipulation of fascia, resulting in 
collagen realignment, restoration of soft tissue mobility, and, theoretically, restoration 
of skeletal alignment and movement. Deep pressure is applied through the therapisťs 
fingers, knuckles, or elbows to mechanically deform the connective tissue. Patients 
are told to move a specified area while the Rolfer maintains and directs pressure so 
that the patienťs active movement synergistically complements the Rolfer's pressure. 
The applied forces are then functionally directed to optimally reorient and free the 
fascia in the desired direction. Symptomatic areas are not primarily addressed; rather, 
treatment focuses on the fascial tissues that support a given dysfunctional structure as 
well as all secondary sites of tissue dysfunction. Symptoms are decreased or 
eliminated as normal function is restored. Rolfing is not intended to treat acute lumbar 
spine pain. It is best reserved for chronic spine pain in which significant fascial 
restrictions are present. 

Aston Patteming was developed by Judith Aston, an ergonomie product designer. 
Aston Patteming is considered unique among the somatic therapies because of its 
completeness. It is an integrated system of movement education, three-dimensional 
soft-tissue body work, environmental modification, and fitness training. It includes a 
comprehensive evaluation, manual therapy techniques, movement education, exercise 
programs, and a wide variety of fundamental concepts that allow it to have a large 
scope of application. The evaluation includes viewing the body structurally while at 
rest and then perfonning simple functional movements or a movement specific to 
Aston Patteming. Aston Patteming uses three different manual techniques-functional 
massage, myokinetics, and arthrokinetics-to progressively apply deeper tissue 
massage. Manual techniques are then used to facilitate movement education. 
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Movements are broken down into their component parts (' 'units of work"), and 
patients are taught how to learn and integrate principles of movement into each 
component. Finally, all components are reassembled into the final full motion. The 
adroit application of both verbal and nonverbal (tactile and kinesthetic) com
munication is essential to the success of movement education. Aston Fitness exercise 
training is customized to meet each patienťs individua! training goals and includes 
horizontalloosening (lying on the floor) using weight in motion, verticalloosening 
(standing) using weight transfer, stretching, toning (using weights and a device called 
a toning platform to facilitate alignment), and cardiovascular conditioning. The level 
of integration of body work, movement education, and environmental modification, 
the recognition of and respect for asymmetry in structure and movement, and 
customized problem-solving make Aston Patteming unique within the somatic 
disciplines. Aston Patteming is appropriate for treating patients with either acute or 
chronic lumbar spine pain. 

Hellerwork is a somatic therapy that developed as an offshoot of both Rolfing and 
Aston Patteming. It was created by Joseph Helier, a past president of the Rolf 
Institute. It is similar to Rolfing with the addition of intellectually emphasizing the 
holistic nature of the process. Each session also includes movement education and 
specific, purposeful verbal dialog. Hellerwork integrates verbal . dialog, movement 
education, and deep connective tissue body work. 

Each of these somatic therapies has a holistic orientation that emphasizes the fact that 
no structure or function exists in isolation. Thus, the treatment of spinal pain not only 
addresses the site of tissue injury, but also all secondary sites of dysfunction as well as 
the patienťs emotional response to their pain. These techniques integrate refined 
manual therapy and movement education and differ to some degree from traditional 
manual therapeutic approaches by placing much greater emphasis on proprioceptive 
sensations to help change neuromuscular function. 

In hospital 
• Generally, encourage walking on the first day after surgery. 
• Reinstitute isometrie abdominal and lower extremity exercises. 
• Minimize sitting to lower intradiscal pressure 
• Progressively increase walking. 
• When the patient is walking comfortably and pain medication is minima!, the 

patient may be discharged from the hospital. 

At home 

• As strength increases, we begin gentle isotonic leg exercises. 
• Allow increased sitting after the fourth week. 
• Prohibit lifting, bending, and stooping for 6 weeks , and gradually progress 

after the sixth week. 
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• Do not allow long trips for 3 months. 
• Increase lower extremity strength from the eighth to twelfth weeks. 

Return to work 

• Allow patients with jobs requiring much walking without lifting to return to 
work within 4 weeks. 

• In general, allow patients with jobs requiring prolonged sitting to return within 
6 to 8 weeks provided minimallifting is required. 

• Heavy laborers return to modified duty in approximately 12 weeks. Patients 
with, jobs that require exceptionally heavy man labor may have to 
permanently modify their occupation or seek an occupation with lighter 
workloads. 

• Keeping patients out of work for more than 3 months rarely improves pain re
lief or recovery. 
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ll. CAN HERNIA fED DISCS REDUCE I l SíZE OR 
RESORB? 

In the past, it was believed that once a patient acquired a hemiated disc, it was 
pennanent. However, recent research with MRl and CT outcome studies has 
documented that this is fallacy. Herniated discs in the cervical and lumbar spine have 
been shown to not only reduce in size after a period of conservative care, but in many 
cases regress and disappear upon reimaging. 

Numerous medical studies and some chiropractic studies have been performed and 
published. ln recent studies by Mochida et al., both cervical (CDH) and lumbar 
(LDH) disc hemiations were studied in pre- and post-MRl imaging conditions. ln 
CDH cases, they demonstrated that in 40% of the time, there was a reduction in size 
or regression. ln LDH cases, they demonstrated about a 60% reduction or regression 
in the size of the herniation. They also found that the larger the extrusion or 
sequestration, the better the rate of regression. They concluded that disc regression or 
resorption depended upon size, location and the phase of the injury. Discs tended to 
reduce in size early on after onset, and more so in the lateral or sequestered type of 
herniation than smaller or subligamentous herniations. It is interesting to note that 
most patients in Mochida's study did well clinically with conservative care regardless 
of the MRl outcome. 

ln a different study, Mochida found that there is a large percentage of macrophages in 
excised herniated disc material, as well as evidence of neovascularization. As such, 
the reduction in size is most likely due to phagocytic or macrophagic digestion, since 
the body attacks the disc fragment as a foreign protein, much like any other antigen. 
Immunohistochemistry studies are being conducted at this time to elucidate the 
pathophysiology of disc herniation and regression. 

ln a similar study of LDH outcome by Bozzao et al., 63% of the patients treated 
nonsurgically with epidurals, medication, etc., demonstrated disc resorption upon 
repeat imaging. In a prospective study of patients with LDH, Ellenberg et al. 
documented that patients with CT evidence ofherniated discs and EMG evidence of 
radiculopathy had a 78% rate of disc reduction. 

Matsubara found in a similar study that medical care involving medication, 
physiotherapy, traction and epidural steroid injections resulted in disc regression in 
60% of the cases. In another prospective study, Bush et al. showed disc regression in 
12 ofthe 13 cases studied. The period of care averaged six months, with a range of2-
12 months for good clinical and anatomical MRl outcome. 

In one of the few chiropractic care MRl studies, It was published a prospective case 
series of 27 patients with either CDH or LDH. They obtained pre- and post
chiropractic care MRis and found that in 63% of the cases, there was either a 
reduction in size, or the disc herniation resorbed completely. 

Also it was found that 80% of the cases had good clinical outcomes, and 78% of the 
patients returned to their preinjury occupations. Physiotherapy care was shown to be 
amenable to the clinical management of the disc herniation not only on a clinical 
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level, but on an anatomicallevel as well. In a study by Cassidy et al. on the effects of 
si de posture manipulation on CT -documented hemiated discs, the authors found that 
13 of 14 patients had good clinical results. Of those, about half had a decrease in the 
size ofthe hemiation on repeat CT follow-ups. 

ll. I C11sc :o-:tuů~' R•~ror·ts nntl \hstract: 

In a recent case that was treated, a 48-year-old female patient presented with acute 
low back and associated leg/extremity pain into the foot. She had evidence of 
radiculopathy with diminished sensation at the L4/5 dermatomes, and positive root 
tension signs with a positive straight leg raise at 35 degrees on the left and 45 degrees 
on the right. DTRs were within normal linůts, and there was no signifi.cant motor 
weakness. An MRl ofthe lumbar spine revealed a large focal disc herniation centrally 
and to the left. 

The patient began treatment on a three times per week schedule and was treated with 
lumbar flexion/distraction, interferential current and microcurrent delivered by pads 
and probes. Microcurrent therapy was combined with regular interferential therapy 
and helped reduce pain and increase circulation to enhance the healing process. 
Microcurrent was then delivered to the LS spine and lower extremity by probes, 
stimulating the acupuncture points of the bladder meridian as well as stimulation 
along the affected dermatome. 

The microcurrent therapy helped afford the patient pain management and reduced the 
healing period. The patient improved signifi.cantly with the above mode of care, and 
repeat MRl imaging showed a reduction in the size of the hemiation. 

Treatment of Multiple lumbar disc herniations in an adolescent athlete utilizing 
flexion distraction and rotational manipulation. 

This is the case of a 15-year-old high school athlete with acute low back pain that 
began after weightlifting in preparation for a football game. MRl demonstrated disc 
hemiations of the lumbar area. Chiropractic care resulted in long-term resolution of 
the symptoms. Patient has retumed to playing football. 

65 



11.1.2 A b~tr:u:r: : 

A. Magnetic resonance imaging and clinical follow-up: 

Study of 27 ~atients receiving physiotherapy care for cervical and I um bar disc 
herniations d) 

This study suggests that chiropractic care may reverse disc hemiation. Twenty-seven 
patients with MRl documented and symptomatic disc hemiations of the cervical or 
lumbar spine were given chiropractic spínal care, flexion distraction, physiotherapy 
and rehabilitative exercises. Post-care MRis revealed that 63% of the patients had a 
reduced size or completely resorbed disc herniation. 78% of the patients were able to 
return to work in their pre-disability occupations. From the author's abstract: This 
prospective case series suggests that chiropractic care maybe a safe and helpful 
modality for the treatment of cervical and lumbar disc hemiations. A random, 
controlled, clinical trial is called for to further substantiate the role of chiropractic care 
for the non-operative management of intervertebral disc hemiation. 

B. Disc regeneration: reversibility is possible in spinal osteoarthritis. (a) 

From the abstract: "Historically, osteoarthritis has been regarded as a common 
slowly progressive disorder seen most often in the elderly that affects the weight 
bearing joints, the peripheral and axial articulations, and the spine ... clinically, 
osteoarthritis has been universally accepted as an integral consequence of aging. The 
condition is considered to be the product of various pathobiomechanical alterations in 
joint function, a ''wear and tear'' sequela. It is only in the past few years that increased 
knowledge about the histopathology, biomechanics, biochemistry, and metabolic 
properties of normal and osteoarthritic tissue structures has given clinicians any hope 
ofbeing able to deal with osteoarthritis. When patient care is related to the pathology, 
pathophysiology, and the kinesiopathology of this condition, arrest and even reversal 
is possible." 

C. Correction of multiple herniated I um bar disc by chiropractic intervention. (e) 

Abstract: A 39 year old patient presented with severe pain in his lower back, 
radiating into the buttocks, the thigh and his left calf and foot. A medical diagnosis of 
herniated nucleus pulposus at L-4 L-5 and L-5 S-1 was confirmed by Magnetic 
Resonance Imaging (MRl). Palliative medications were administered and surgical 
procedures were commended. Chiropractic adjustive therapy was begun utilizing the 
Atlas Orthogonal Percussion Instrument on the atlas vertebrae. After 4 weeks of care 
he showed a 50% improvement and was not using medications. After six months of 
care, the patient was discharged after a subsequent MRl Radiologisťs report indicated 
that a definite focal herniation is not felt to be present. 

D. Low back pain and the lumbar intervertebral disk: Clinical consideration for 
the doctor of chiropractic. (f) 
This review of the literature distills and synthesizes previously published research. 
The article lists various causes of low back pain, noting what findings in patient 

66 



histories, physical examinations, and diagnostic imaging represent "red flags" that 
indicate the need for referral to a specialist for surgical intervention. After patients are 
screened for red flags, conservative treatment should be the first line of treatment for 
patients without absolute signs for surgical intervention. The authors concluded: Of 
the available conservative treatments, chiropractic management has been shown 
through multiple studies to be safe, clinically effective, cost-effective, and to provide 
a high degree of patient satisfaction. 

E. Lumbar disc herniation: computed tomo~raphy scan changes after 
conservative treatment of nerve root compression. g) 

In 21 patients with CT scan diagnosed lumbar disc herniation, nerve root pain 
resolved after chiropractic. A follow-up CT scan at least 6 months later showed the 
herniation reduced or disappeared in most patients. 

F. Chymopapain, chemonucleolysis and nucleus pulposis regeneration. A 
biochemical study. (c) The intervertebral disc has the ability to heal and regenerate. 

G. Correction ofmultiple hemiated lumbar disc by chiropractic intervention.<b) 
From the abstract: A 39-year-old male with severe pain in his lower back, radiating 
into the buttocks, the thigh and left calf and foot. A medical diagnosis of herniated 
nucleus pulposus at L-4 L-5 and L-5 S-1 was confirmed by MRl. Surgical procedures 
were recommended. After 4 weeks (of chiropractic) he showed a 50% improvement 
and was not using medications. After six months, the patient was discharged after an 
MRl radiologisťs report indicated that a definite focal herniation is not felt to be 
present. 
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12. OPERATIVE VERSUS NON-OPERATIVE 
!VIANAGEivlENT OF DISC HP.RN IATIONS 

The classic paper by Mixter and Barr <60
) popularized the role of surgery for the 

management of the hemiated disc with radiculopathy in the mid-twentieth century. 
However, in the past several years, numerous papers reporting on sequential imaging 
studies have demonstrated that the natural clinical course of disc herniation (both 
lumbar and cervical) is one of spontaneous resolution <6•

7
) • The length of time for 

follow-up imaging examination ranged from 9 to 25 months. One study examined at 
least one portion of the cohort group every 3 months, finding that within 1 month, 
regression of disk material can be seen (SO) • V arious mechanisms have been postulated 
to account for this spontaneous improvement, including an inflammatory reaction that 
is triggered by nuclear material that enters the epidural space, aggressive granulation 
into the disc fragment with subsequent phagocytosis and dehydration of the extruded 
fragment. Interestingly, the largest fragments that would have been considered 
surgically desirable demonstrated the greatest resolution in size in most of these 
studies. The success of nonoperative management in most of these studies was 
predicated on a combination of epidural corticosteroid injection and exercise, 
although none were controlled studies. Whether clinical improvement would have 
matched the resolution of disc herniation without any concurrent treatment is 
probably a study design that is not feasible. 

This is not to imply that surgical care should never be considered for the treatment of 
disc herniations. In fact, conservative care does not always equate to nonoperative 
treatment. In certain clinical scenarios, early surgical intervention is more appropriate, 
and even essential, than comprehensive nonoperative rehabilitation. These include 
cervical myelopathy or lumbar cauda equina syndrome, rapidly progressive motor 
weakness due to single level radiculopathy, and intractable radicular pain in the 
acutely injured patient. The surgical management of these conditions will usually be a 
discectomy (in the lumbar spine, but variably a discectomy and fusion would be 
required in the cervical spine), which is a relatively minimally invasive procedure. 
The surgical approach to treating primarily axial pain without neurologie symptoms 
or signs would typically invoke the consideration of a fusion, the discussion of which 
is beyond the scope ofthis chapter. 

There are certainly other issues in determining operative versus nonoperative 
management of radicular syndromes due to disc herniations. One of the prime 
considerations is quality of life as affected by pain and resultant disability. In the 
acute or subacute stages, surgery has been demonstrated to more quickly resolve 
radicular pain than other treatment modalities, but over a period of time (greater than 
1 year), the benefits of operative versus nonoperative treatment equalized regarding 
functional outcome <

79
•
92

) • Surgery also may allow a relatively accelerated retum to 
activity pathway, which may be critical for an elite athlete. However, discetomy has 
not been demonstrated to resolve nonprogressive motor weakness any quicker than 
nonoperative measures; thus, nonprogressive weakness is only a relative indication 
for surgical intervention <92

) • 
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These results regarding treatment mirrored a previous study on the variation of 
diagnostic tests ordered by different specialties. Physiatrists were the greatest 
opponents of deactivating treatments, including centrally acting medication and bed 
rest, and the greatest proponents for exercise and physical therapy. 

In fact, the literature is seriously lacking in adequately performed randomized clinical 
trials on the efficacy of commonly used interventions for spinal pain . Short of this, 
therefore, the rehabilitation principles and concepts presented in this thesis are based 
on generally accepted principles for the treatment of musculoskeletal disorders, 
noncontrolled clinical experience and the literature as it exists to date. 
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13. CONCLlJS ION 

In fact, the literature is seriously lacking in adequately performed randomized clinical 
trials on the efficacy of commonly used interventions for spínal pain . Short of this, 
therefore, the rehabilitation principles and concepts presented in this thesis are based 
on generally accepted principles for the treatment of musculoskeletal disorders, 
noncontrolled clinical experience and the literature as it exists to date. 

If a patient does not feel better after 6 weeks of conservative care, then surgery may 
be considered to treat the lumbar hemiated disk. The goal of surgery is to help 
alleviate the pain faster. If a patient has severe pain and is unable to function at a 
satisfactory level, surgery may be a good option even before six weeks of symptoms. 

With reference to the treatment of less afflicted patients, surgery is considered in well
motivated individuals who have responded incompletely to nonoperative therapy and 
who remain unable to perform activities important to them. They must be willing to 
accept a less-than-perfect result, and they must also understand that a longer interval 
of bed rest and nonoperative therapy might ultimately be effective. They should be 
aware of the risks of the operation and weigh these against a chance at prompt relief. 
Patients who are unwilling to understand these choices, those who seem "too anxious" 
to have surgery, those with obvious secondary gain, those with a psychological pre
disposition to a low pain threshold, and those in whom the radiographic findings 
correlate dubiously with the symptoms should not undergo surgery, but rather should 
ha ve a longer period of nonoperative treatment.. 

Any patient who has progressive neurological deficits, or develops the sudden onset 
of bowel or bladder dysfunction, should have an immediate surgical evaluation as 
these conditions may represent a surgical emergency. 

Finally ,recent research with MRl and CT outcome studies has documented that 
herniated discs in the cervical and lumbar spine have been shown to not only reduce 
in size after a period of conservative care, but in many cases regress and disappear 
upon reimaging. This gives hope for patients who are not willing to undergo surgery 
and prove on the other hand that conservative treatment might be the best choice to 
start before any surgical intervention. 
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