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Vertebral degeneration is a process that also includes
bony and ligamentous structures degeneration. Ver-
tebralcorpus, facet articulations, intervertebral discs
(IVD) and ligaments are affected structures. Concor-
dantly degeneration related to vertebral column aging
process and vertebral column degeneration disease
must be distinguished. In clinical evaluation there are
not any certain symptoms to distinguish aging pro-
cess from degenerative disease. Nevertheless to un-
derstand vertebral column natural aging process as
a systematic process, it is also important to unders-
tand lumbar disc degeneration pathophysiology. Bio-
mechanical and biochemical many changes play role
in IVD degeneration including intrinsic, extrinsic and
genetic factors. Compression and torsional injuries of
vertebral column, excessive pressure and congenital
anomalies causes over pressure on IVD. In addition
to these factors atherosclerosis, vascular disease, ane-
mia, immobilization, diabetes and tobacco usage incre-
ases disk degeneration. Chronic low back pain mostly
known and important reason is IVD degeneration.

As well-known degenerative disk disease is
thought to be primary reason of instability in ver-
tebral segments. Finally in degenerative disc dise-
ase segmental instability found to be responsible of
low back pain and treatment arranged according
to this results.

In this chapter lumbar disc degeneration etiology
and pathophysiology will be discussed.

1. Etiologic Factors in Disk Degeneration

IVD height forms %20 of vertebral column height.
IVD has steady structure that connected with end

plates of 2 adjacent vertebral segments and con-
currently it absorbs excessive pressure. Gelatinous
structure called Nucleus pulposes that surrounded
byanulusfibrosusof IVD and anulusfibrosus itself is
responsible of controlled mobilization of IVD. An-
terior longitudinal and posterior longitudinal liga-
ments are strengthen disk spaces. ALL is tougher
than PLL and adheres to vertebrae more tighter than
that anulusfibrosusdoes. Disc fluid amount decre-
ases gradually by aging. In newborns disc tissue is
well vascularized while after 30 years there are al-
most no vascularization. Disc tissue is nourished and
oxygenated by diffusion from cartilaginous structure
of end plates. Normal IVD has isotropic structure.
Nucleus resembles a bag filled with liquids, which
transmits pressure equally to end plates. In addi-
tion to that excessive pressure that applied on anu-
lus is transmitted to other sides by nucleus which
resembles to tire of a car. By disc degeneration isot-
ropic feature of disc changes and aberrational pres-
sure distribution occurs. This mentioned irregular
pressure distribution is believed to be main reason
for disc degeneration and low back pain.

Pressure and traumas that affects discs thought
to be reason of disc degeneration also compres-
sion and torsional injuries also increases disc de-
generation.

In several researches indicates that physical activity
increases disc degeneration however there are some
other researches that indicate the oppsite way.

Many clnical trials which took many years indi-
cate that spinal fusions increase the pressure over
the disc below and amplifies degeneration hillib-
randand friends completed a research which took
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ten years in this research %26 of patient with overp-
ressure in these segments after fusion causes much
more degeneration in time, in addition to this, de-
generation can occur as a clinical case such as de-
generative disc disease.

Age is an important parameter in disc degenera-
tion in older age groups the percentage of patients
with degenerated discs are higher. Smoking, physi-
cal activities, familial history, dibates mellitus, athe-
rosclerosis, obesity and vascular diease increases this
percentage just like age. unefficent disk nutrition is
an important issue in disc degeneration. Disc nut-
rition is supplied by diffusion from cartilage tissue,
it needs oxygen and glucose just like other cells in
whole body structure. If nutrition is not sufficient
lactic acid levels increases and pH levels decreases
in the core of disc. Lower oxygen and pH levels ra-
pid cell damage.

Genetics also found to be affective in all these
degenerative risk factors. Vitamin D receptor genes
Type 9 collagen genes matrix metalloproteinase ge-
nes are all related with ddiscdegeneration. In conc-
lusion disc nutrition and mechanic pressure have the
most massive effect on disc degeneration among all
ethiologic factors.

2, Pathogenesis

IVD degenerative changes includes stages below;
® Decreasing of disc height

® Irregularties in cartilogenous structure of end
plates

® Sclerosis in end plates in disc space

® Ostheophyt formation

Image2: 68 years old woman patient has changes on direct lumbosacral AP and lateral X-rays in
consequence of intervertebral disc degeneration.
a-b) Osteophyte formation ¢) Traction chipurs d) decrease intervertebral disc distance and cartilage
deformations of end plate.




Pathologic degenerative changes in disc complex
(vertebral corpus IVD and nucleus pulposes aging
and post traumatic degenerative changes) begins
with cartilogenous tissue degeneration of end pla-
tes. malnutrition in nucleus pulposes by fluid lost
and changes in disc biochemistry is followed by de-
generations.

By diffusion distruption glucose and oxygena-
tion need is not sufficient.

Finally lactate accumulates in disk space and pH
values decreases.

Under the acidic Phcircumstances, diffusion im-
pairs by increase of cell destruction and decrease
ofintervertebral disc liquid content. On the other
hand, activations of proteinase and proteoglycan
structure have massive changes, low pH degree give
rise to that inflammation cells migration to vertebral
disc. ®? Granulation tissue composes scar tissue, nuc-
leus size decreases and annulus fibrosus wrinkles.
Migration of scar tissue induce inner part of annu-
lus fibrosus; fibrocartilagenous tissue, degeneration
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and granulation tissue migration causes ruptures and
also even protrusions. For the first time, Crock desc-
ribed “internal disc degeneration” ®*. In defects that
occurs as a result of fissures in cartilagenous plates
may aslo induces internal herniations, that called
“Schmorl nodules”. ¢

The gas accumulation in the degenerated disk is
called “vacuum phenomenon” (Figure 3). Mucoid de-
generation formation results with instability. This
cycle may even cause torsional instability and bul-
ging of annulus fibrosus and may lead to further
degeneration and sequels®. At this stage, macro-
molecular disorders takes place instead of micro-
cellular degeneration.

Degeneration of annulus structure results with
torn in annulus, by this torn in the annulus, IVD fluid
may exude and leads to pain in waist, legs and hea-
daches. Low pH degree values as a result of necrotic
ruptured discs slide to anterior and pain may occur in
abdominal area . Degenerative discs is mostly uns-
table, causes low back pain originated from facet joint.

Figure 3: Fifty-year-old female patient, T1-weighted MR imaging, and vacuum gas accumulation
due to degeneration at L4-L5 disc. The vacuum phenomenon is observed
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In order to control pain associated with instabi-
lity, lumbar spine hyperlordosis and facet articula-
tion deadlock occurs spontaneously. This situation
leads to hypertrophy of the posterior elements and
spinal canal and foraminal stenosis “**” (Figure 4). Ana-
tomically, the presence of annular fibers at an angle
of 30 degrees in the range of the disk shows grea-
ter resistance to rotation only when anuler fibers
are tighten. By decrease of disc space fibers are lo-
sen and permit rotational movements.

In degenerative disc disease; If disk space in
height and distance decreases and depending on
that relaxation of the annular fibers of the verteb-
ral body occurs then around the long axis of rota-
tion of the spine.

30-degree of angular orientation of the fibers of
annulus fibrosus only prevents rotation of the annu-
lar fibers when it is stretched. As a result of narro-

wing of the distance of IVD fibers loosens and disc
can easily rotate.

Thus, mechanical low back pain occurs depen-
ding on torsional instability. lumbarvertabra integrity
disruption may results with discogenic pain. ©*.

Instability associated with degeneration of the
disc is described firstly by Knutsson“”. Frymoyer,
has dived the instabilities into as a “primary seg-
mental instability, ” and “secondary segmental ins-
tability”. Frymoyer, mentions in his classification as
the primary instability can be seen in patients with
degenerative disc disease who has no previous sur-
gery history and reported degenerative disc disease
as the primary cause of instability (Figure 5). Pathology
of discogenic pain and degenerative instability,

described by Kirkaldy-Willis and Farfan and seg-
mental stability stated that minimal dysfunction co-
uld lead to major changes and degenerative process
is explained in three phases:

Figure 4: Fifty-year-old female patient, sagittal and axial T2-weighted MR imaging sequences
shows hypertrophy and spinal central and foramina stenosis associated with it.




2. a. Stage of dysfunction

The characteristic features of this phase degeneration
of nucleus pulposes, internal rupture of the disc, an-
nular tears and facet joint degeneration forms.

2. b. Stage of instability

Stage of instability includes posterior facet joint
capsules and ligaments relaxation, reduction of he-
ight in disc space and segmental instability seems
to increase.

2. c. Stage of restabilization

At this stage, the prominent pathologies are incre-
ase of collagen in the disc, loss of disc elasticity, fa-
cet hypertrophy and osteophyte, fibrosus forma-
tion. In this last stage, foraminal and central spinal
stenosis develop.

In the chronic instability classification Benzel de-
fined degenerative disc disease as a result of disc
degeneration, linked to “dysfunctional segmental
motion”

Because, as mentioned, the biochemical and bio-
mechanical processes that begin with excessive disc
degeneration increase by disc degeneration with aging
and increases the number of annular tears.

Beginning of the progression of intervertebral
disc degeneration as a result of the disk space is bre-
aking down the distance, in fact, a segment of the
disk instability begins.

This is due to instability of disc degeneration.
Frymoyer “?, named as “the primary segmental ins-
tability, ” Kirkaldy-Willis “”, called discogenic pain
and degeneration processes described in the “phase
instability”; Benzel © stated as degenerative disc di-
sease, chronic instabilities classifying in “dysfuncti-
onal segmental motion”.

By Benzel, the progression of disc degeneration
as a result of the reducing in distance and end pla-
tes connected with the annular fibers at 30 degrees
due to reduced resistance refers to “torsional ins-
tability” ®. Annular tears in the intervertebral disc
spacecollapsing, facet joint degeneration beginning,
and image with magnetic resonance imaging (MRI)
which shows decrease in disk intensity as a black
disc and consequences occurred by reduced transla-
tional deformity seen in dynamic X-rays; shows de-
generative and chronic instability statement.

Lumbar Disc Degeneration

In this mentioned statement, protrusions of the
disc also can be seen and described by Crock for the
first time ©®®, as a “internal disc destruction” which
can be painful. At this point, pain disappeares by
resting of patient and the pain increased, especially
while standing and in motion. Recognition of this
process is very important and treatments at this stage
should be under consideration of instability.

With patients who do not respond to medical
treatments, surgical approach could be done eit-
her by excising protruded disc or subtotal discec-
tomy however it only increases low back pain and

Figure 5: Thirty-seven year-old female pa-

tient with sagittal sections in T2-weighted

MR imaging; the L4-L5 degenerative disc
disease that is responsible of instability.
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segmental instability. Chronic instability, instabi-
lity stage in the process of degeneration of the spi-
nal segment, if left untreated can progress and end
up with “restabilization stage” which is described
by Kirkaldy-Willis. To prevent progression of disc
degeneration and segmental instability some reac-
tions occur as a result of instability (subperiosteal
bone formation) and consequently osteophytes oc-
cur . Presence of osteophytes at this stage triggers
the facet joints hypertrophy and fibrosis. With oste-
ophyte formation disc degeneration process slows
down and stabilize the instable segment“*". Prog-
ression of disc degeneration, facet joints and liga-
ments and thickening of the central or foraminal
spinal stenosis may develop after the formation of
osteophytes. In some cases the instability process
proceed degenerative spondylolisthesis is develo-
ped. This is also another form of chronic instability
and it named as “slow instability” (“glacial instabi-
lity”) by Benzel.

3. Conclusion

Intervertebral disc degeneration, is a complex mec-
hanisms which is trying to be defined in a certain si-
tuation. Despite of Biochemical, biomechanical, and
investigation of the genetic causes, its mechanism
is not completely understood. The etiologic factors
that the disc nutritional disorders and mechanical

loading on the disc is considered to be the most im-
portant reasons. Lumbar disc herniations is com-
mon process in degenerative disc disease and does
not occur in every case. Over the years, various re-
searchers tried to explain the chronic and degenera-
tive instability, has an important role in the process
of degenerative vertebrae segment. Treatment app-
roaches and surgical options should be planned ac-
cordingly and considering chronic instability. Insta-
bility phase is painful process that decrease quality
of life in patients and it recovers by restabilistaion
phase but still it takes long period of time with ex-
cessive pain. Medical treatment and exercise prog-
rams are insufficient in many cases, a selection of
fusion surgery, although the effective stabilisation
is effective choice, it has been serious surgery. The-
refore, minimally invasive fusion systems are ma-
inly chosen solution. However, dynamic stabiliza-
tion without fusion solves these pathologies and
its mortality and morbidity rate is very low. Consi-
dering fusion surgery complications with variable
techniques, in future a posterior dynamic stabiliza-
tion will take place of fusion surgery for treatment
of chronic instability. to understand possibilities in
Disc degeneration formation and prevention mec-
hanisms and for disc regeneration mechanism there
are many researches which gives hope to unders-
tand but still for fully understanding new researc-
hes are still needed
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