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Lumbar Spinal Stenosis: Historical

Perspectives, Classification, and

Pathoanatomy
Howard S. An and J. Michael Glover

S pinal stenosis is narrowing of the spinal canal
{central slenosis), the lateral recess (lateral
recess slennsis), or the foramen (foraminal sicnosis)
with neural impingement that can produce radicular
pain, gait disturbances, bowel and/or bladder dyslune-
tion, mutar/seusory changes, and newroge nic cladi-
cation.

Historical Perspective of Spinal
Stenosis

Spinal stenosis is an ancient disorder. It has been
noted in Egyptian mummies, and it is a well-known
malady in the veterinary world being observed in
certain dogs (dachshunds) and horses. Portal of
France in 1803 may have been the first to study spinal
stenosis in humans when he related the size of the
vertebral canal to compression on the spinal sac.!
Lane of England in 1893 did a decompressive laminec-
tomy to relieve a woman of a cauda equina syndrome
caused by spondylolisthesis.! Bailey and Casmajor in
1911 emphasized that facet joint exostoses could
cause significant compression of the spinal canal and
cauda equina.) However, only within the last 50 years
has the disorder been understood with respect to its
clinical signs and symptoms, pathophysiology, patho-
anatomy, and treatment. Sarpyener in 1945 de-
scribed 2 “congenital stricture” of the spinal canal
associated with spina bifida and aiso in children
without any other developmental anomaly of the
spine.? Van Gelderen in 1948 described a syndrome
in two patients who showed signs of compression of
the lumhar nerve roots with watking that disap-
peared with rest. They were cured with laminectomy.
He also stated that a hypertrophied hgamentum
favum, was the etiology of the compressien in the
erect position. Verbiest in 1954 described a clinical
condition in seven patients {age 37 to 67) of bilateral
radicular pains and sensory/motor disturbances in
the legs caused by standing or walking. Myelography
displayed a block in the lumbar region in cvery case.
At surgery, he found a shallow canal with a com-
pressed dural sac. Encroachment on the canal by
enlarged articular processes was a possible etiology.

He did not agree with Van Gelderen’s theory that a
hypertrophied ligamentum Aavum caused the nar-
rowing?* Since then, many investigators have de-
scribed the pathogenesis and treatment of spinal
stenosis ¥ Kirkaldy-Willis studied the “spectrum of
pathologic change” in spinal sienosis, The two poste-
rior joints zulEl_ the _(_lis_cﬂ,_“lhu_ ‘1”‘““'.!92‘__,““1311!;:&,"
are all involved in the pathogenesis. egenerative
changes of the thrce-joiMWy
Lo repéaied rotationaland compression imuries. The
invertebral discs develop circum/[erential and radial
annular tears, internal disruption, loss.of digc height,
and protrusion. The posterior joints undergo synovi-.
tis, cartilage destruction, ostcaphyte formation, cap-

e

sular laxity, ligamentum flavum hypertrophy or buck--

ling, and_ joint instability or subluxation. Changes
oceurring in the posterior joints affect changes in the
disc and vice versa. As a result, instability of the
three-joint complex occurs creating degenerative
spondylolisthesis, retrolisthesis, degenerative scolio-
sis, as well as rotational deformities that occur with

listhesis and scoliosis.?

Classification of Spinal Stenosis

Arnoldi et al developed a useful classification scheme
based on the causes of spinal stenosis (Table 1).> The
g’;gg_{ﬁaijr’)r/img[\sﬂ_r@_&tenosis cases are caused by
degenerative changes in gmnd
facet joins creatinwtmal
canal, lateral spinal canal, or intervertebral foramen.
Vertebral translations such as in degenerative spon-
dylolisthesis also narrow the canal and may lead to
neural compression. There are many other causes of
lumbar spinal stenosis. latrogenic causes such as

postlaminectomy transtation and postfusion stenosis
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Table 1. Classification of Spinal Stenosis

[. Congenit akdevelopmental sienosis
A. Tdiopathic (hereditary)
8. Achondroplastic
1. Acquired stenosis
A. Degenerative _ _
3. Combined congenital and degenerative stenosts
G Spondylelytic/spondylolist hetic
D, Lusagenic Ge, postlaminectamy, post fision}
k. Posticaumatic
1. Metabulic (ic, Paget’s discase, Muorosis)

should 1ot be overlooked. Othier rarer conditions
such as achondroplasia and Paget’s diseasc may
contribute to spinal stenosis. Any of these various
causes of stenosis may lead to symptoms of neural
compression with back pain, leg pain, and neurologi-
cal deficits.® Also, variations of the spinal canal may
predisposc to spinal stenosis. Three types of spinal
canals are observed: a round canal, an oval canal, or a
trefoil canal. A trefoil canal is seen in 15% of spinal
canals and predisposes to lateral recess stenosis.
Symptom onset in patients with spinal stenosis is
insidious, and the duration of symptoms is usually
longer compared with patients with a disc herniation.

Patients are typically over 50 years old. Complaints

such as fatigue, weakness, low back pain, and numb-
ness in the lower extremitics are irequent. The
classic symptam of central spinal stenosis is claudicat-
ing leg pain, aggravated by standing or walking and
relieved by forward Aexion or sitting. Radiculopathy

due t0 Tateral canal stenosis consists of pain in a

c_i_t; of ﬁaartlcular nerve root. Nerve toof compres-
sion may Gecur at more than one site. For example,
L5 radiculopathy may be caused by L4-L5 facet
hypertrophy with lateral recess stenosis and/or by
L5-81 foraminal stenosis. The diagnosis of symptom-
atic spinal stenosis can be made with these clinical
presentations along with supportive evidence from a
myelogram, computed tomography (CT) scan, or
magneltic resonance imaging (MRI). One must be

Figure 1. (A) A sagittal cryomicrotame section of the
lumbar spine illustrating central lumbar spinal stenosis,

bulging discs, and ligamentum flavam hypertrophy (ar-,

row) at 1.3-4 and L4-5 levels. (B) Goronal eryomicrotome of
a severe central lumbar spinal stenosis case, showing
hypertrophic facets and ligamentum favum indenting the
thecal sac at multiple levels (arrows). (C) Sagitial T2 MRI
showing severe central stenosis at 1.4-5 with bulging disc
{srmall arrow) and hypertrophied ligamentum flavum (large
arrow}. (D} Anteroposterior Myelogram demonstrating
camplete block at 1.4-5 and attenuation of contrase at L3-4,
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Figure 2. A diagram of three zones of the lateral spinal
canal: Entrance zone proximally, midzone under the pars
interarticularis, and the exit zone of the intervertebral
foramen.

cautious interpreting these imaging modalities be-
cause false-positive rates are high.'!? Clinical corre-
lation With the particular itnaging abnormality is
critically important.

Figure 3. A cryomicrotame that shows normal anatomy
within the lateral recess (arrow).
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pathoanatomy of Spinal Stenosis

Understanding the pathological anatomy of spinal
stenosis is important when relating the history and
physical examination™ to arcas of neural impinge-
ment, interpreting imagiag studies, and planning
surgical approaches. Spinal stenosis can be subdi-
vided into central stenosis and lateral slenosis.
Central stenosis is found at the intervertebral
leve] and s caused by hypertrophic faccls, ligamgen-
tum Qavum buckling or hypf_r_ligg_hzlgi_‘s_gp_yggysipn,
a@l@ﬁ@ﬁﬁc@oﬁﬂh&iﬁ_ {(Figs 1 A and
BY. 514 40% of central stenosis is secondary to sofl-
lissue changes.!” The cauda cquina is compressed
centrally [rom the an terior-posterior direction at the
‘ntervertebral disc level. The discs bulge posteriorly,
and the hypertrophied ligamentusm {flavum and lacet
joints intrude posteriorly. Multilcvel stenosis is com-

mon. Imaging studies such as MRI or myelography

An and Glover

Figure 4. (A) A diagram of the entrance ZON¢ su:t_wsis.
showing subarticular entrapment of the nerve root. (B) A
cryomicrotome demonstrating narrowing within the lat-
eral recess (arrow}.

can vividly show the pathoanatomy of central steno-
sis (Figs 1 C and D). Intrathecal contrast from the
surrounding bone and soft tissue created by T2-
weighted images on MR or with injectable contrast
on myclography show where the cerebrospinal fluid
around the voots of the cauda equina is obliterated,
With C'1, midsagittal lwmbar canal diameters less
than 10 mm are. iﬂdicﬁ!,i_\ﬁﬂ[_?!h{(_’!,ll te stenwosis, and
I("?ss (i 13 tam are indicative of velative stenosis, !
Midsagitial lifiibar caivil didineters are not as reli-
able as the cross-sectional dimensions at the fevel of
the intervertebral disc because most cases of degen-
erative spinal stenosis involve {he facet joints and disc
space. The lumbar epidu ral fat is usvally obliterated
with central spinal stenosis, although a small amourit
of Tal may be preserved in the midline posterior 1o
the dural sac even in severe stenosis. With respect to
symptomatology, neurogeiic claudication is usually

the result of central canal stenosis..

———
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Lunibar Spinal Stenosis

Figure 5. (A} A diagram ol the puars '{mc'r:u‘iiculiu'is
defeet in the sagittal plane and (brocartilaginons mass
compressing the nerve rool it the mi(lzpnc. {1_3} .*\.n :-.xu‘tl
CF scan demonsirating the pars defect with isthimic
apandy lolisthesis (arrow).

Lateral stenosis is a_common cause of lumbar
radicular symptoms. The lateral lumbar spinal canal
includes the nerve root canal (lateral recess) and the
invertehral foramen, Together they form a tubular
cana) through which the nerve root exits the spinal
canal."® The lateral lumbar spinal canal has been
subdivided into three anatomic zones by Lee et al'™:
entrance zone, mid zone, and exit zone (Fig 2). The
entrance zone is the subarticular area and medial 1o
the pedicle and is synonymous with the lateral recess
area. The mid zone is located under the pars interar-
ticularis and the pedicle, and the exil zone is synony-
mous with the intervertebral foramen.

The enirance zone is located underneath the
superior articudar process of the facet joint and
mediad to the pedicle. The entrance zone s the
cephalad aspeet of the more commonly known lat-

A

eraj recess that begins at the lateral aspect of the
thecal sac and runs obliquely downward and laterally
toward the invertebral foramen.®? Anatomically,
the lateral recess is bordered laterally by the pedicle,
posleriorly by the superior articutar facet, and anteri-
orly by the posterolaterat surface of the vertebral
bady and adjacent intervertebrai disc.? The medial
horder of the lateral recess is formed by the thecal
sac, The narrowest portion of the lateral recess is
between.ihe syperior border of the pedicle and the
broad portion of the superior articular facet.? The ™
nerve Toot in this eegion is covered By the Toot sleeve
and_surrounded by cerebrospinal fAuid, The fateral
margin of the nerve root sleeve contacts the medial
cortical hone ol the pedicle, and the medial inargin of
thie nerve rool is surrounded by epidural fat tissue
(Fig 3). The normal lateral recess measurement have
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Figure 6. (A, B) Sagittal and axial cryomicro-
tomes respectively demenstrating normal loranyi-
nal anatomy [ligamentom fAavum (small arrow},
epicural fat {large arrow), nerve root (open
arrow)}.
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heen well detincated by CT2' A lateral recess height
of 5 mm or maore is normal. A height ol 2 mm or less

A Ticight of 3 to 4 mm is

is p:ulmlngicnl; and o

suggestive of lateral recess Stenosts,

Narrowing ol the entrance zone or Jateral recess

wilh nerve rool compression s maost commonly
caused by a posterolaterad h[.:l-m':l_lfﬁ _Q_ggz which
compresses the nerve root as il Cncrges [rom the
dural sac. Another common cause of nerve rool
rompression s i hk‘[)t_‘_l'-i__l“l‘._‘llll_‘all_f_‘ supcrmrhm;gg_lxll:;ﬁ
provess alsu known as Tateral_recess syidlrome,”
su@b_riﬁgpc_l syndrome,® ornerve oot canal stgno-
sis (Figs 4 A and B).» These two causes account for
the majority ol cases of lateral spinal stenosis.

The mid zone is located under the pars interarticu-

laris and just below the pedicle. Tt is bounded anteri-,

orly by the posterior aspect of the vertebral body and
posteriorly by the pars interarticularis. The medial
boundary is open to the central spinal canal." The
nerve roots normally run obliquely downward through
the lateral recess into the intervertebral foramen.
The nerve rool travels around the subpedicular
notch an¢l contacts posteriorly with the ventral wall
of the pars interarticularis where the ligamentum
flavum is atlached.” CT provides the accurale infor-
mation of the pars interarticularis and shows the
adjacent nerve root under the pars.?” In sagittal MR,
the pathological conditions of the pars interarticu-
laris are well defined® A normal pars on Ti-
weighted images is shown as high signal intensity
bone marrow surrounded by the lower signal inten-
sity of cortex. The bone marrow signals are intact
[rom superior to inferior articular pracess, Disconli-
nuity ins this signal heralds a pars defect.

In midzone stenosis, a defect in the pars interar-
ticularis is most commenly responsible for neove root
compression, For instance, the L5 nerve root may e
entrapped by 1he fibrocartilaginous tissue at the L3
pars delect in isthmic spondylolisthesis (Figs 5A and
B). Another common cause of midzone stenosis is
pedicular kinking. As the nerve root exits just infero-
medial 10 the pedicle, kinking of the nerve root by the
pedicie may be responsible for radiculopathy. This
phenomena is more common in patients with scolio-
sis t_)g'__r_;_p(m(lylulislhcsi;wwhcrc one pedicle may be
lower than the other awing to rotatory deformity of
the verichral hody or asymmetric collapse of the disc

M}
LI RN

The exit zone is formed by the intervertehral
foramen. The lnnbar intervetebral foramen, whicls
is shaped like an inverted teardrop, forms a tunnel
that conneets with the spinal canal. Tt is hounded

Figure 7. Parasagittal Tlaveighted MRI showing nor-
mal foraminal anatomy. The small arrows point to the
abundance of high-intensity lat signal around the nerve
rools.

superiorly and inferiorly by the pedicle of the adja-
cent vertebrae. The posterior houndary is formed by
the pars interarticularis and the ligamentum flavum,
The anterior boundary is formed by the posteroinfe-
rior margin of the superior vertebral body, the
posterior margin of the intervertebral disc, and the
posterosuperior margin of the inferior vertebral body
(Figs 6A and B).*3' The normal foraminal height
varies from 20 to 23 mm, and (he widih at the upper
foranminal area vartes [rom 8 Lo 10 mm. The ventral
and dorsal nerve roots occupy 23% to 30% of the area

of the foramen and lie_anterior 1o the dorsal root

ganglion (DRGLY The DRG normally lics within the
superior lateral portion of the lumbar interveriehral
foramen and directly below the pedicle in 90% of
lumbar levels.’? Foraminal height of tess than 15 mm
and posterior_disc_height_of less than 4_mm_are

associated with nerve ront compression 80% of the

Gme?
ime.*

The shape of the jumbar intervericbral foramen
is not well shown by transaxial CT scans, Sagittal
reconstruction images may help to identify the hony
abnormalities of the intervertebral foramen. MRI
displays 1he sofi-lissue structures in the invertebral
foramen. Sagittal Tlaweighted images are used for
evaluating the morphological structures of the inter-
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vertebrat loramen. On Tlweighted images, the
nerve root complex and radicular veins within the
intervertebral foramen can be shown as lower signal
intensity structures surrounded by the higher signal
intensity of fat. The structures that border the
intervertebral foramen such as the cortex of the
pedicle, vertebral body, the periphery of the disc, and
the ligamentum Aavum are well gutlined (Fig 7).

11}£ﬂt__39_;,1_{:__5_:\:;_|'9£‘;\111im\l stenosis, the nerve root
can be impinged in an up/dovwn or [rout/back fash-
jon (Fig #A). This can occur secondarily 1o subluxa-
tion of the superior articular [acet, a latcrally hictni-
ated dis¢, or protrudifig annulus of an u i;:i}iqgc spur
from the posterolateral vertebral body (Figs 8B and
Gy, 'm};lzwe rool may'fl\s-a e coaﬁ;%ciscﬁ at more
than one site. With MR, the intervertebral forami-

Figure 8. (A_} A diagr'am of the intervertebral foraminal stenosis by osteophytes {(midlevel} and subluxating facet joint
(lowest level) in the exit zone. (B) A sagitial cryomicrotome section showing degenerative disc discase aseoci;.te’clj\\'ll
osl‘eophyles and buckling ol the ligamentum flavum adjacent (o the facet joint {arrow) in proximity to the nm‘\fc rool in :hE
exit zone, I‘\Iotc also the bulging disc in the inferior part of the foramina (open arrow). (C) Axial cr umicmmmt‘
demonstrating encroachment on the foramen by bulging disc (closed arrow) and ligamentwm fAavam {open alzfrcuw). ‘
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ual stenosis is best visuajized by the parasagitial
scans that show the nerve root compressed ar de-

lormed by a laterally herniated disc or facet subluxa- |

tion with ligamentum favum impingement on the
nerve root, A useful incdication of significant forami-
m stenosis is absence of the well-defined perineural
fa signal e the parasagittal TTimages.

In sunuuary, this review has covered a brief
history, classification. and pertinent pormal and
pathological anatomy ol spinad stenosis. A clear
understanding of where thecal sac and nerve root
impingement oceur will aid the spine surgeen in
interpreting imaging studies and planning appropri-
ale surgicai decompression.
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