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The intervertebral disc, which contributes the sta-
bilization and flexibility of spinal column (........)
(omurga kolononun), has complicated structure
formed by ligament. The intervertebral disc con-
sists of three main structures that are “cartilage
end-plate”, “nucleus pulposus”, and “annulus fi-
brosus”. The cartilage end-plate is composed of
the fibrocartilaginous peripheral region that frames
apophyseal rim, and the centrally-located hyaline
cartilage that covers the surface of intervertebral
disc. The border between central and peripheral
regions is mostly ambiguous?. There are any
numbers of pores that have vascular structures in
vertebral end-plates, and these pores play a crucial
role in the nutrition of intervertbral disc.

Nucleus pulposus converts the power formed
as a result of axial pressurization into radial power,
and it enables the distribution of this radial power
to end-plates homogenously. Nucleus pulposus
consists of type-II collagen that has more irregu-
lar alignment than annulus fibrosus, and matrix
that includes hyaluronic acid and glucosamine.
Type-II collagen is more stable against compres-
sion than type-I collagen. Nucleus polposus, which
has semi-liquid structure in infants and young
adults, dehydrates by aging. The border between
nucleus polposus and collagen fibers of annulus
is considerably apparent in newborns. This bor-
der becomes ambiguous in the disc that had con-
verted into its adult form after puberty. In adults,
the disc is monitored as intranuclear cleft that has
transverse orientation at its central region, and
that composed of dense collagenous and elas-
tic fibers (Yetiskinlerde disk, santral kesiminde

transvers oryantasyon gosteren ve yogun kolla-
jenoz ve elastik liflerden olugan intraniikleer kleft
izlenmektedir) (Figure 1).

Figure 1: Sagittal section, T2 weighted im-
age. In young patient, the discs, which have
normal signal density and configuration, are
seen. The hypointense linear signal pursued
at central region of disc shows consistency
with nuclear cleft.
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Annulus fibrosus, which forms the most of the
intervertabral disc, performs as a restrictive barrier
for nucleus polposus. “Annulus” consists of two
type fibers that are fibrocartilaginious having ring-
like and concentric arrangement, and collagenious.
Inner plate composed of fibrocartilaginious and col-
lagenious fibers cleaves into end-plate.

Outer layer formed by type-I collagen fibers
clings to vertebral rim and periosteum. Peripher-
ally-located collagenious fibers also get involved
in anterior and posterior ligament. Annulus fibro-
sus is stronger at the front side rather than at the
back side. As a result of studies on cadaver, it is
revealed that there is dense vascularity at the re-
gion where peripheral annulus cleaves into ver-
tebra®. In children and young adults, the disc
structure is nourished by deep perforating vascu-
lar structures. However, it is seen the rarefaction
of vascularity, and also the decrease of its pene-
tration, by aging.

In adults, vascularization of nuclear pulposus
is limited with only nutritive veins that reach the
outer annulus fibrosus. The nutrition of other re-
gions of disc is made by means of diffusion of me-
tabolites. As a result of this restricted nutrition, discs
can be easily damaged metabolically or mechani-
cally, and exact healing of discs mostly can not be
possible. Disc damage can cause the decrease of in-
tradiscal pressure resulting with the decrease of disc
level, the formation of annular tear, and the herni-
ation of disc.

1. Degenerative Disc and Degenerative Disc
Disease

The concept of “degenerative disc”, which is ac-
cepted as physiologic, describes the alteretions that
emerge by aging. On the other hand, “degenerative
disc disease” is clinical picture that arises as a re-
sult of expedited degenerative changes, and causes
symptoms at early ages.

Itis very hard to differentiate between structural
changes in intervertebral discs by aging and degener-
ative disc disease, even it is mostly impossible. There
two degenerative processes related with interverte-
bral disc, which are spondylosis deformans, and in-
tervertebral osteochondrosis. The first of them mostly
affects the annulus fibrosus and adjacent apophysis,
whereas the second one affects nucleus pulposus and

end-plates. In intervertebral osteochondrosis, there
can also be watched the widespread annular tear
resulting with atrophy . It is accepted that spon-
dylosis deformans emerge as a result of normal ag-
ing; however intervertebral osteochondrosis is not
always symptomatic but pathologic.

Spondylosis deformans: With increasing age,
the amount of mucoprotein (“proteoglycan”) de-
creases, and the ratio of ceratin sulphate to chon-
droitin sulphate increases. Another important vari-
ation that emerges by aging is increasing collagen
that causes the disc to have fibrotic structure. All of
these changes make way to decrease in the water-
holding capacity of intervertebral disc, and in hy-
drostatic pressure.

It is considered the loss of signal intensity in
T2-weighted images in the range of low to moder-
ate during central disc localization as a change re-
lated with aging; and there are similar images for all
discs in the examination region (Santral disk lokal-
izasyonun T2 agirlikli serilerde hafif-orta derecede
sinyal kayb1 yaslanmayla iliskili degisiklik olarak
degerlendirilir). However, it is preserved the inter-
vertebral disc level and the regular borders of disc.
It can be observed the protrusion of symmetric disc
as an outcome of the reshaping of osteoporotic ver-
tebras by aging ” (Figure 2a).

The formations of anterior or lateral osteophyte
present in almost all over 40-year old population,
and this situation is accepted as normal aging symp-
tom. Osteophytes locate 2-3 mm away from the dis-
covertebral joint, where Sharpey fibers cleave; and
they have horizontal orientation.

Beginning from third decade, little concentric or
transverse fissures can be developed ©?.

Vertebral Osteochondrosis: Radiographically, it
is characterized with the stenosis of intervertebral
osteochondrosis disc aperture, the irregular con-
tour of protrusive disc, the osteophytes that elon-
gate to central spinal cord and foramens, the scle-
rotic end-plates, and the changes of chronic vertebra
COTrpus marrow.

However, the disc level is variable at lumbosacral
joint depending on segmentation differences, and the
decrease of disc level does not signify osteochondro-
sis in every case. The magnetic resonant (MR) imag-
ining is enough sensitive to detect the early symp-
toms of intervertebral osteochondrosis.



In intervertebral osteochondrosis, normal disc tis-
sue is entirely replaced by fibrosis; and, the loss of
signal intensity in T2-weighted images and the dis-
appearing of the line that specifies the margent of
annulus fibrosus emerges. In further degeneration,
the decrease of disc level, the disorder and protru-
sion in disc contour is detected.

Degenerative Disk Disease in Lumbar Spinal Column

The reactive marrow changes at cartilage end-plates
often accompany with further degenerative disc vari-
ations (Figure 2b). The radial annular tear was detected
in too few of over 40-year old cases by autopsy stud-
ies; therefore, this symptom is accepted as a symp-
tom of “vertebral osteochondrosis” . The gas, which
is seen during central disc localization, is almost al-
ways a symptom of intervertebral osteochondrosis *.

e o T g

Figure 2: a) Spondylosis deformation. Anterior osteophytes at the corner of vertebra corpus, the den-
sity of degenerative end-plate signal intensity, and a little protrusion, osteophytes, loss of signal in-
tensity at discs. In asymptomatic case, appearance shows consistency with spondylosis deformation.
b) Vertebral osteochondrosis. They are seen that the stenosis of disc aperture, loss of signal intensity,
protrusion of contour, chronic end-plate alterations, and osteophytes that constrict the diameter of canal.
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2. Degenerative Disc Variations in Anterior
Elements

2.a. Degenerative End-Plate Variations

In degenerative disc disease, the signal variation at
adjacent vertebras’ end-plates is frequent symptom.
By radiography and computerized tomography (CT)
imagining, the increase of density named “discogenic
sclerosis” is seen at vertebra end-plates which are
affected during degenerative process.

In MR imagining, the signal alteration of degener-
ative vertebra end-plate is collected under three main
groups by Modic, and its clinical significance is ques-
tioned for more than two decades ™. It is thought
that type 1-variation of end-plate stems from inflam-
matory, and the end-plate exhibits the hypointense
involvement in T1-weighted images, the hyperin-
tense involvement in T2-weighted images, and the
involvement of contrast in postcontrast images (Fi-
gure3). In histopathological study, hypervascularity

are seen at subchondal bone, and fissures are pur-
sued at cartilage end-plate. Type-1 signal model is
related with the acute degenerative disease, segmen-
tal instability, and disc hernia 2.

There is a strong correlation between type-I de-
generative alteration and back ache, it is stated that
the fusion operation can be helpful to patients who
have type-1 alterations "?. A little part of Type-1 Modic
alteration disappears whereas the big part of it pro-
ceeds to type-II Modic alteration.

In chronic degenerative diseases, type-II alter-
ation, which resembles paravertebral lipid tissue,
and which is thought that to be characterized with
the lipoid marrow replacement at stabile spinal col-
umn, exhibits the hyperintense signal model in T1
and T2-weighted images (Figure 4). (Kronoik dejener-
atif hastaliklarda ve stabil spinal kolonda yagh ke-
mik iligi replasman ile karakterize oldugu diisiintilen
ve paravertebral yag dokusuna benzeyen T1 ve T2
agirlikli serilerde hiperintens sinyal 6rnegi sergileyen

Tip II son plak degisikligi

Figure 3: Modic Type I end-plate signal alteration. They are seen that
T1 hypointense at the reciprocal end-plates, T2 hyperintense signal in-
tensity, and in the compliance with degeneration, the loss of signal
and level at intervertebral disc within range of L4-L5.

izlenmektedir.)

It is stated that type-II
alteration can be an out-
come of chronic ischemia **.
However, some studies sug-
gest that Modic type-II sig-
nal model, which is known
as silent, has equal capacity
to form a symptom with
Modic type-1 alterations *?.
In chronic degenerative disc
disease, as a response to
the changes in intercurrent
stress, it is possible to return
from type-II signal model to
type-1 signal model. Type-IIl
end-plate signal alteration,
on the other hand, is char-
acterized with sclerous, and
its pathogenesis is not com-
pletely understood.

Sclerotic end-plate exhib-
its hypointense signal in T1
and T2-weighted images (Fi-
gure5). By the studies on as-
ymptomatic volunteers, de-
generative end-plate signal
alteration is detected in the




range of 10-15%. Degenerative
end-plate signal alterations, which
do not cause a symptom, gener-
ally locate at the upper lumber
region and at the anterosuperior
end-plate as focal. In asymptom-
atic cases, significant degenera-
tion is not be detected at adja-
cent intervertebral disc, unlike
symptomatic cases "*.

2.b. Annular Tear

Although the main area of in-
terest of radiologic operations
is lumbar roots, ingredients of
thecal sac, and the relationship
between disc and neural struc-
tures for patients who consult
the doctor with complaints of
back ache; neural element com-
pression is not detected in most
of the patients. By the provoca-
tive discographic investigations
that are made due to annular tear,

Degenerative Disk Disease in Lumbar Spinal Column

Figure 4: Modic Type II signal alterations of degenerative end-
plate. It is seen the compliance between hyperintense signal that
is monitored in T1 and T2-weighted images at reciprocal end-
plates within range of L5-S1 and the replacement of lipoid marrow.

although there is no root compres-
sion, they can be often seen the
pain that spreads to gluteal area,
sciatic, inguen, and proximal up-
per extremity “?. In degenerated
intervertebral discs, the peripheral
high-intensity region, which defines
T2 hyperintense focuses where an-
nulus fibrosus locates, was firstly
described by Aprill and Bogduk
in 19927, By the first studies re-
lated with the peripheral high-in-
tense region, it is stated that this
symptom corresponds enflame
annular tear within the range of
third and fifth that had detected
in discography; and this symp-
tom is sufficient to determine the
disc degeneration that causes to
pain "?. Although there are some
studies that suggest that there is

Figure 5: Modic Type IIL It is seen the hypointense signal den- close relationship between the pe-
sity in the T1 and T2-weighted images that comply with the ripheral high-intensity region and
sclerous at reciprocal end-plates at a level of L2-L3. the formation of pain in discogra-

phy “>%, its clinical significance is

105

UOTJeZI[Iqe)G dDTWeUA(] pPue 9Seas(] ISI(] dARIdUR3(] Tequun |



106

Lumbar Degenerative Disc Disease and Dynamic Stabilization

Metin VURAL M.D., Terman GUMUS M.D., Amil Safak KACAR

questionable because it is detected
the annular tear by the high rate
reaching 38% in the group of as-
ymptomatic patients, and because
the provocative discography al-
ways detects the annular tear in
highly degenerative discs.

It is accepted that the periph-
eral high-intense region usually
emerges with the degenerative
alterations of nucleus polposus,
and that region arises from biome-
chanical impairment. The granu-
lation tissue that comply with the
annular tear exhibits hyperintense
signal at the near of cerebrospinal
fluid (CSF) in the thecal sac in the
T2-weighted images, and the pa-
tient who is injected the contrast
agent holds this contrast agent in
(postcontrast) images. This signal
density and involvement of con-
trast agent are owned by the vas-
cularized granulation tissue in the
peripheral annular tear. The most

Figure 6: At sagittal plane a) T2 weighted b) Post-contrast T1-
weighted fat-suppressed series. Punctate T2 hyperintense signal
and peripheral contrast enhancement is compatible with high-inten-
sity zone at L4-L5 intervertebral distance. At localization of the co-
nus medullaris space-occupying lesion consistent with cavernoma.

sensitive sequence in deciding of
the peripheral high-intense region
is T1-weighted images of patients who had injected
contrast agent (Figure6). The density of peripheral
high-intense can endure for long years; and it does
not always correspond to acute or subacute tear. It
is regarded necessary to make discography before
surgical intervention because the 13-14% of periph-
eral high-intense region is not related with clinical
complaints. (Periferal yiiksek intensite bolgesi, % 13-
14’1 klinik yakinmalar ile ilgili olmadig; icin cerrahi
girisim 6ncesi diskografi yapilmas: gerekli goriilme-
ktedir.) Annular tears are classified into three main
groups that are radial, vertical (“concentric”), and pe-
ripheral border tears. Radial tears develop as a con-
sequence of the elongation of fractures that emerge
at nuclear cleft to peripheral annular fibers in the
orientation of radial or oblique. Generally, they lo-
cate at the posterior or posterolateral region of L4-L5
and L5-S1 intervertebral discs (Figure 7a).

Radial tears sometimes join to pre-existing pe-
ripheral border or vertical tears, and they consti-
tute the peripheral high-intense region. The impor-
tance of radial tears is that they are precursor lesion

of disc herniation and they causes back ache. How-
ever, all radial tears do not cause back ache. One of
the theories, that are accentuated to explain the en-
dangering of radial tears to back ache, is that these
tears affect the ache-sensitive nerve fibers which lo-
cate in the annulus layers of nucleus sliding to outer
annulur layer by chemical irritation and inflamma-
tion caused by them. Another theory suggests that
hence degenerative nucleus can not distributes the
axial pressure to outer annular fibers, outer annu-
lar fibers are obligated to resist the redundant pres-
sure, and this situation irritates the inflame nerves
that locates there. When radial tears are analyzed
by microscope, there occurs granulation tissue that
exhibit vascularization. This granulation tissue per-
forms a duty as barrier against the peripheral elon-
gation of tear, and the sliding of nucleus. Since nu-
cleus has no direct vascularization, the granulation
tissue almost always locates at the 1/3 outer annu-
lus, and precise recuperation does not occur *. The
partial recuperation of radial tears explains the re-
curring of back ache occasionally. The vertical tears
are the most frequent type of annular tears, and



they are detected in advanced ages and juveniles
similar frequently. The vertical tears, which gener-
ally locate at 1/3 outer and medial annulus fibrosus,
arise from the delamination caused by the accumu-
lation of mucoid agent or liquid through the annu-
lus layer (Figure 7).

Trauma plays a role in etiology, and the over-
load with torsion is triggering factor. Hence outer
annulus has rich sensorial nerve nets, these tears
can cause pain. Peripheral border tears, on the other
hand, generally locating at anterior are horizontal
tears, and they emerge at the place where outer an-
nular layer cleaves periosteum (Figure 7c). Generally,
little osteophytes accompany with peripheral bor-
der tears. By the studies on animals, it is shown that
the peripheral border tears stimulate the degenera-
tive disc disease, end-plate degeneration, and even
facet arthrosis *?*. This type of degenerative inci-
dents is closely related with pain.

Intervertebral disc degeneration can cause the
pain impairing the quality of life, and a lot of patients

Degenerative Disk Disease in Lumbar Spinal Column

can get rid of this pain by the fusion, replacement
of total lumbar disc, and dynamic or fusionless sta-
bilization operations that are came into use preva-
lently in recent years. Therefore, it is important to
determine the level of symptomatic intervertebral
disc before surgery. While the most reliable diag-
nostic procedure is provocative discography, there
are some publications that state that this method
has false-positive rate within the range of 20-40%
as well ®2,

The success of operation varies within the range
of 40-60% in the group of discogenic patients who
had been examined by discography before surgery .
The accepted system in classification of radial tears
is Dallas discogram classification *.

After a while later the injection to central re-
gion of suspicious intervertebral disc, the patient
is placed into the computed-tomography, and the
axial images are obtained. The contrast agent fills
the tears that form from the central region of disc
through annulus. These tears, which involve nucleus

Figure 7: a) L5-S1 annular radial tears extending from the inner annular fibers to the periphery.

b) annular vertical tear of outer annular layer at L5-S1 distance. c) Peripheral annular tear where

outer annular layer attached to the periostum at L3-L4 distance, and at L4-L5 distance there is ex-
trude transligamentous herniation.
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pulposus and annulus, are classified in six groups
with respect to their degree. The zeroth degree cor-
responds to normal disc. In the first degree tears, the
contrast agent spreads to 1/3 inner annulus fibro-
sus; however, it spreads to 1/3 mid-annulus fibro-
sus in the second degree tears. In the third degree
tears, the contrast agent goes ahead peripheral layer
by passing through inner and mid- annular layers.
In the fourth degree tears, the contrast agent reach-
ing the peripheral layer combines with the vertical
tear that emerges with the radial tear, and then it
spreads around of the disc at least 30°. In the fifth
degree tears, the integrity of Sharpey fiber is ruined
as well, and the contrast agent spreads to the out of
the disc (Figure 8). This type of tear causes the chemi-
cal radiculopathy.

2.c. Disc Herniations

Ore of the steps required for providing the most
proper treatment to the patient who consults the doc-
tor with the complaint of back ache, is that radiolo-
gists and clinicians committing the treatment must
compromise on the same nomenclature and classifi-
cation system. A lot of interchangeable nomenclature

and classification cause confusion at the present time.
The standard description was published by North
American Spine Society/NASS in 2001.

The intervertebral disc herniation implies the
translocation of nucleus pulposus, end-plate carti-
lage, fragmented aphophysal bone, or annular tissue
to the out of the normal disc border. This replace-
ment is local, and hernia disc involves the region
smaller than 50% of all disc region. The notion of
“Annular apophysis”, on the other hand, is used for
the translocations related with the more than half or
the entire disc region, and it does not exceed 3 mm.
Herniation is subclassified as protrude and extrude
disc with respect to the configuration or amount of
disc. The protrude discs do not elongate to the out of
the planes of superior or inferior end-plate at sagit-
tal plane. If protrude disc is related with the smaller
area of 25% of entire disc region, it is named “focal”;
if it is related with the 25-50% of the entire disc re-
gion, then it is called “broad-based” (Figure9).

On the other hand, extrude discs have a narrow
collum, and they are broader than protrude disc.
Extrude discs can exhibit elongation to the above
or under of the level of them. Hernia discs that are

Figure 8: Dallas discogram, fifth degree annular tear. In axial CT profile and reformatted sagittal im-
age, it can be seen that the contrast agent injected to the central region of intervertebral disc spread
to the out of the disc by passing through the tear located in outer annular layer.
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Figure 9: a) Focal, b) broad-based posterior disc protrusions. It can be seen that focal disc protrusion
involves the smaller area than 25% of disc region whereas broad-based protrusion involves more
than 50% of the disc region.

completely disconnected from their originating disc
can be named “sequestered fragment”. Sequestered
fragment can be a contraindication for the minimal
invasive treatments such that microdiskectomy,
percutaneous radiofrequency ablation, percutane-
ous mechanic disc compression, intradiscal steroid
injection, and so on®. It is not obligatory but op-
tional to make distinction between extrude and pro-
trude disc, and some radiologists and clinicians use
the more extensive notion “herniation” in each case.
Herniations can be subclassified to two subgroups
that are “contained” and “uncontained” with respect
to whether outer annulus that shields the disc her-
niation is intact, or not.

However, by non-invasive techniques such as CT
or MR imagining, this distinction can not be made in
every case. Even though discography is enough to
make this distinction, it can constitute illusive images
proceeded from posterior longitudinal ligament (PLL)
that encloses the extrude disc, and/or from peridural
membrane (“contained”) (Diskografi bu ayrimi yap-
mada bagarili olsa da, ekstriide diski ¢evreleyen pos-
terior longitudinal ligaman (PLL) ve/veya peridural
membrane devamli (“contained”) yalanci goriiniim
olusturabilmektedir). Disc herniations can be also
subclassified with respect to its relationship with
PLL. Herniations bounded in PLL are classified as
“subligamenteous herniation”, whereas herniations
that elongate to posterior by passing through PLL

are classified as “transligamentous herniation”. On
the other hand, disc herniations that locate at the
out of PLL’s region are classified as “extraligamen-
tous herniation” (Figure 10).

However, it usually can not be possible to dis-
tinguish PLL from outer fibers of annulus or du-
ral sac. The localization of disc herniations is spec-
ified with respect to its relationship between the
anatomic structures such that facet joint, pedicul,
and neural foramen in the axial, coronal, and sag-
ittal images. The regions used in axial sections can
be named as “central”, “subarticular”, “foraminal”,
“extraforaminal”, or “distant lateral”, and “anterior”.
On the other hand, in coronal and sagittal plans,
the elongation of herniation can be named as “su-
prapedicular”, “pedicular”, “infrapedicular”, and
“disc plane”. The big portion of disc herniations lo-
cates more than one region. The mostly attacked re-
gions are the central and subarticular regions with
the frequency rate reaching to 90%. The disc herni-
ations placed at this localization affects the nerve
root that rises from dural sac at that level. Only the
4-5% of the disc herniations locate foraminal or ex-
traforaminal, and the herniations placed at this lo-
calization generally affects the roots that rise from
upper level. The amount of hernia fragment is de-
scribed regarding of the decrease of column diame-
ter caused by this herniation. The measurements are
made where the column has the narrowest column.
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Figure 10: Caudal displacive herniation; in the sagittal and axial T2 weighted
images, they are seen the left root compression, and the extrude herniation that
caudally extends over left paracentral pedicular plane within the range of L4-L5.

In front, however,
there is ligamentum
flavum instead of cap-
sule. Synovium elon-
gates at the adjacency
of flavum in front. Facet
osteoarthritis emerges
after mid-thirties, and
it can be seen in all pa-
tient and generally ex-
hibit asymptomatic fea-
ture after mid-sixties.
Although the patients
with degenerate facet
generally complain
about axial ache, ra-
diculopathy and my-
elopathy are encoun-
tered symptoms as
well. The recurrent
stress and trauma re-

If the column diameter constricts less than the ratio
of 1/3, it is called “mild”, if it constricts within the
range of 1/3 and 2/3, it is called “moderate”, and if it
constricts more than the ratio of 2/3, it is called “se-
vere”. However, if this description is not correlated
with clinical symptoms, it is not meaningful.

3. Degenerative Disc Variations in Posterior
Elements

The functions of intervertebral disc and facet joints
are closely related with each other. Degenerative al-
terations including the posterior elements affect the
apophyseal joints, neural arcus bone structures, soft
tissue plans located intermediate and posterior liga-
ments. By radiology and clinics, although it is given
more importance to intervertebral disc alterations,
the considerable portion of back ache is caused by
the degeneration of posterior elements. Facet joints
consists of superior and inferior articular process lo-
cated reciprocal, coated with cartilage, and that joints
are enclosed by synovium. Facet joints are located at
the servical region in the sagittal plan; on the other
hand, they are located throcal and lumbar region in
the oblique and coronal plan. The joint is bounded
by a thick capsule at the back.

lated with overload is
accused as stimulat-
ing factor. The first symptoms of degeneration are
the fibrillation in the articular cartilage and erosions,
and it progresses with the stenosis of joint spacing,
sclerosis, and the formations of osteophyte. In some
patients, it can be seen the subluxation at the joint,
and comorbidit soft tissue alterations. Continuing
stress causes the hypertrophy at the joint“”. Path-
ria et al. ®” classified the facet joint arthrosis in four
groups as it is seen below.

Stage 0: Normal.

Stage I: The slightly stricture in facet joint spac-
ing and the irregularity at the surfaces of joint.

Stage II: The moderately stricture in facet joint
spacing, the irregularity at the surfaces of joint, scle-
rosis, and hypertrophy.

Stage III: The severe degenerative alterations
with significant stricture in facet joint spacing, scle-
rosis, and osteophytes.

CT imagining is more successful than MR imag-
ining in detection of the early stage facet arthrosis. In
CT imagining, the typical symptoms of facet arthrosis
are the formations of osteophytes, subcondral scle-
rosis, formations of cyst, and stenosis of joint spac-
ing (Figure 11). In addition to MR imagining, it can be
seen the signal density uyumlu with edema at adja-
cent soft tissue plans and at posterior elements (MR
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Figure 11: Facet arthorosis; a) Stage 0, normal facet joints, b) Stage I, the slightly stricture in facet joint spacing, the
irregularity at the surfaces of joint, ¢) Stage II, the moderately stricture in facet joint spacing, the irregularity at the
surfaces of joint, and hypertrophy, d) Stage III, the severe stricture in facet joint spacing, sclerous, and osteophytes.

goriintiilemeye ek olarak posterior elemanlarda ve
komsu yumusak doku planlarmda 6dem ile uyumlu
sinyal yogunlu izlenebilmektedir).

It can be seen frequently the cystic lesions at the
adjacency of facet joint. These cystic lesions are syn-
ovial cysts, ganglion and ligamentum cysts. Real
synovial cysts are enclosed with synovial tissue,
and they are directly related with joint spacing. The
ganglion cysts, which do not have these features, in-
clude myxoid material. It is not possible to discrim-
inate these two cysts with radiology.

The synovial cysts most frequently originate from
lumbar region in the spinal column, and generally
they locate at the level of fourth and fifth lumbar
(L4-L5) vertebral that is more unstable than other
segment. Rarely, they can be seen at the level of
second and third (L2-L3) vertebral, or at the level

of fifth lumbar and first sacral (L5-S1) vertebral as
well. Cervical and thoracal spinal column is attacked
less frequently. Facet cysts located anterior can cause
the compression of neural element by elongating
to central canal or neural foramen with respect to
where they place.

On the other hand, posterior facet cysts, which
are seen more frequently than anterior facet cyst,
are generally asymptomatic. By MR of CT imagin-
ing, facet cysts are detected as the pedicule defect, or
well-bounded extradural located lesions that place
at the adjacency of degenerate facet (Figure 12). In the
cyst, they can be seen the hemorrhage, gas, mural
calcification, and peripheral contrast involvement
that is clearer in MR imagining.

It is thought that the main factor stimulating facet
arthrosis is disc degeneration. Biomechanic studies
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Figure 12: In the sagittal and axial images, the synovial cyst arising from L5-S1 right facet joint
erases the right L5 root perineural tissue plans in the foramen. Another synovial cyst is seen at the
posterior region of right facet joint.

have showed us that the stenosis in disc ap-
erture causes a significant increase in load
on facet joints “?. It is accepted that segmen-
tal instability, which is seen in early degen-
eration, is also one of the causes preparing
facet anthrosis.

Facet joints, which exhibit facet tropism
(“asymmetric facet”) and more sagittal orien-
tation than normal, are also found guilty in
arthrosis etiology **. However, it is currently
debated point that these changes are the causes
of facet arthrosis, or outcome of it.

The stenosis in intervertebral disc aper-
ture causes the contact of spinous process,
and as an outcome of this situation, degen-
eration at spinous process, and interspinous
ligament. Interspinous pseudoarthrosis pro-
gresses to the cyst formations, redundant in-
terspinous ligament, and as an outcome of
these, interspinous located bursitis that is
also named as “Baastrup phenomenon” .
Baastrup phenomenon causes to the steno-
sis in canal diameter, and local sensitivity;
and it can be treated with local steroid in-
jection ® (Figure 13).

Figure 13: Baastrup phenomenon; in sagittal image,

they are seen the bursitis in L5-S1 interspinous aper-

ture, and cyst that elongates to posterior epidural re-
gion and causes to the compression of sac.




References

1- Coventry MB: Anatomy of the intervertebral disk.
Clin Orthop Rel Res 67:9-15, 1969.

2- Coventry MB, Ghormley RK, Kernohan JW: The
intervertebral disc: Its microscopic anatomy and
pathology. Part III: Pathological changes in the in-
tervertebral disc. Am ] Bone Joint Surg 27: 406-
474, 1945.

3- Hassler O: The human intervertebral disc: A microan-
giographical study on its vascular supply at various
age. Acta Orthop Scand 40:765-772, 1970.

4- Schmorl G, Junghanns H: The human spine in
health and disease. EF Besemann (trans). (2" Amer-
ican ed), New York, Grune and Stratton, 1971, pp
141-148,186-198.

5- Fardon DF, Milette PC: Combined Task Forces of
the North American Spine Society, American So-
ciety of Spine Radiology and American Society
of Neuroradiology. Nomenclature and classifica-
tion of lumbar disc pathology. Recommendations
of the Combined Task Forces of the North Amer-
ican Spine Society, American Society of Spine Ra-
diology, and American Society of Neuroradiology.
Spine 26(5):E93-E113, 2001.

6- Twomey LT, Taylor JR: Age changes in lumbar in-
tervertebral discs. Acta Orthop Scand 56:496-499,
1985.

7- Twomey LT, Taylor JR: Age changes in lumbar ver-
tebrae and intervertebral discs. Clin Orthop 224:97-
104, 1987.

8- Modic MT, Steinberg PM, et al: Degenerative disk
disease assesment of changes in vertebral marrow
with imaging. Radiology 166:193-199, 1988.

9- Yu S, Haughton VM, Sether LA, et al: Comparison
of MR and discography in detecting radial tears of
the annulus: A postmortem study. AJNR Am ] Neu-
roradiol 10:1077-1081, 1989.

10- Kijeffer SA, Stadlan EM, Mohandas A, et al: Disco-
graphic-anatomical correlation of developmental
changes with age in the intervertebral disc. Acta
Radiol [Diagn] Stockholm, 1969, pp 733-739.

11- Modic MT, Steinberg PM, Ross JS, et al: Degener-
ative disc disease: Assessment of changes in verte-
bral body marrow with MR imaging. Radiology
166(1 Pt 1):193-199, 1998.

12- Rahme R, Moussa R: The modic vertebral end plate
and marrow changes: Pathologic significance and
relation to low back pain and segmental instabil-

Degenerative Disk Disease in Lumbar Spinal Column

ity of the lumbar spine. AJNR American Journal of
Neuroradiology 29:838-842, 2008.

Toyone T, Takahashi K, Kitahara H, et al: Vertebral
bonemarrow changes in degenerative lumbar disc
disease: An MRI study of 74 patients with low back
pain. ] Bone Joint Surg Br 76:757-764, 1994.

de Roos A, Kressel H, Spritzer C, et al: MR imaging
of marrow changes adjacent to end plates in degen-
erative lumbar disc disease. AJR Am ] Roentgenol
149(3):531-534, 1987.

Chung CB, Vande Berg BC, Tavernier T, et al: End
plate marrow changes in the asymptomatic lum-
bosacral spine: Frequency, distribution and corre-

13

14

15

lation with age and degenerative changes. Skeletal
Radiol 33(7):399-404, 2004.
Mooney V: Where is the pain coming from? Spine
12:754-759, 1987.
Aprill C, Bogduk N: High-intensity zone: A diag-
nostic sign of painful lumbar disc on magnetic res-
onance imaging. Br ] Radiol 65:361-369, 1992.
Schellhas KP, Pollei SR, Gundry CR, Heithoff, KB:
Lumbar disc high-intensity zone: Correlation of
magnetic resonance imaging and discography.
Spine 21 (1):79-86, 1996.
Sandhu HS, Sanchez-Caso LP, Parvataneni HK,
Cammisa FP Jr, Girardi FP, Ghelman B: Associa-
tion between findings of provocative discography
and vertebral end plate signal changes as seen on
MRI. ] Spinal Disord 13:438-43, 2000.
Rankine JJ, Gill KP, Hutchinson CE, Ross ER, Wil-
liamson JB: The clinical significance of the high-in-
tensity zone on lumbar spine magnetic resonance im-
aging. Spine 24:1913-1919; discussion 1920, 1999.
Jarvik JJ, Hollingworth W, Heagerty P, Haynor DR,
Deyo RA: The longitudinal assessment of imaging
and disability of the back (LAIDBack) Study: base-
line data. Spine 26:1158-1166, 2001.
22- Munter FM, Wasserman BA, Wu HM, et al: Serial
MR imaging of annular tears in lumbar interver-
tebral disks. AJNR Am J Neuroradiol 23(7):1105-
1109, 2002.
Osti OL, et al: Volvo Award - “Anulus Tears & In-
tervertebral Disc Degeneration: An Animal Mode”.
Spine 15(8):762-766,1990.
24- Kim KS, Yoon ST, Li J, Park JS, Hutton WC: Disc de-
generation in the rabbit: A biochemical and radio-

16

17

18

19

20

21

23

logical comparison between four disc injury mod-
els. Spine 30(1):33-37, 2005.

25- Walsh TR, Weinstein JN, Spratt KF et al: Lumbar
discography in normal subjects: A controlled, pro-

113

uoneZI[Iqe)g dTWeUA(] pue 3seasi(] dSI(] 2ARRIUSI(] requun |



114

Lumbar Degenerative Disc Disease and Dynamic Stabilization

Metin VURAL M.D., Terman GUMUS M.D., Anil Safak KACAR

spective study. Am J Bone Joint Surg 72(7):1081-
1088, 1990.

26- Carragee EJ, Tanner CM, Yang B, et al: False-positive
findings on lumbar discography: Reliability of sub-
jective concordance assesment during provocative
disc injection. Spine 24(23):2542-2547, 1999.

27- Carragee EJ, Lincoln T, Parmar VS, et al: A gold
standart evaluation of the “discogenic pain” diag-
nosis as determined by provocative discography.
Spine 31(18):2115-2123, 2006.

28- Schellhas KP, Pollei SR, Gundry CR, et al: Lum-
bar disc highintensity zone: Correlation of mag-
netic resonance imaging and discography. Spine
21:79-86, 1996.

29- Costello RF, Beall DP: Nomenclature and standart
reporting terminology of intervertebral disk herni-
ation. Magnetic Resonance Clinics of North Amer-
ica 15(2):167-174, 2007.

30- Carrera GF, Haughton VM, Syversten A, et al: Com-
puted tomography of the lumbar fascet joints. Ra-
diology 134(1):145-148, 1980.

31- Pathria M, Sartoris D, Resnick D: Osteoarthrosis of
the facet joints: Accuracy of oblique raiographic as-
sessment. Radiology 164:227, 1987.

32- Dunlop RB, Adams MA, Hutton WC: Disc space
narrowing and the lumbar fascet joints. ] Bone Joint
Surg Br 66(5):706-710, 1984

33- Fujiwara A, Tamai K, An HS, et al: Orientation and
osteoarthritis of the lumbar fascet joint. Clin Orthop
Relat Res 385:88-94, 2001.

34- Wybier M: Imaging of lumbar degenerative changes
involving structeres other than disk space. Radiologic
Clinics of North America 39(1):101-114, 2001.

35- Malfair D, Beall DP: Imaging the degenerative dis-
eases of the lumbar spine. Magnetic Resonance Clin-
ics of North America 15(2):221-238, 2007.



