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  1      Imaging and Symptoms of Spinal Canal 
Stenosis                     

       Cosma     Andreula      ,     Gianpiero     Berardi    , 
and     Alessandra     Tripoli   

        Spinal canal stenosis is a  unisegmental  or  polysegmental  narrowing of the central 
spinal canal and/or of the lateral recesses and/or of the root canals which can lead to 
nerve roots or spinal cord compression. This condition is more common in the cer-
vical and lumbar tracts. 

 Patients with cervical spinal stenosis have insidious onset symptoms, character-
ized by uni- or bilateral radiculopathy or myelopathy, (e.g., gait disturbance pro-
gressive paraparesis related, dysesthesias). Cervical pain is often associated with 
spinal canal strictness and constriction, but it is not specifi c. In particular, cervical 
stenosis may be limited to a simple radiculopathy, with radicular pain, which radi-
ates along the corresponding dermatome, combined with acute painful crisis and 
functional limitation of neck fl exion (Fig.  1.1 ).

   Sometimes, though, the stenosis can bring to a slow and progressive compres-
sion in the spinal cord, in the small medullary vessels, and also in the anterior spinal 
artery (which supplies blood to the anterior two-third of the spinal cord). 

 Thus was the true myelopathy which is characterized by a clinical picture that, in 
most cases, can be described as follows: after a long period of painful radicular 
paresthesias in neck (with functional limitation of the neck), shoulder, and upper 
limb, caused by neck movements (radicular pains phase), autonomic disorders 
appear due to cervical sympathetic pain (hyperhidrosis, hypothermia, edema) and 
disorders of movement both sympathetic and peripheral. 

 Generally, the former are in the lower limbs and can even bring to spastic para-
plegia (impairment of the pyramidal system); the latter, the peripheral ones, 
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consisting of hypomuscular atrophies and absence of proprioceptive refl exes, are 
located in the upper limbs. 

 There are also lateralized thermodolorifi c hypoanesthesia (compression on the 
backs of a spinothalamic bundle) and sphincter disturbances [ 1 – 4 ]. 

 Sometimes, the myelopathic picture is that of a half section of the spinal cord, 
like Brown-Sequard syndrome, with spastic paralysis (lesion of the pyramidal 
tracts) and abolition of deep sensitivity, tactile epicritical (lesion of the posterior 
column), ipsilateral to the lesion, thermal anesthesia, and pain contralateral to the 
lesion and total anesthesia (radicular lesions or posterior horns) ipsilateral to the 
lesion, with hyperesthesia over the lesion (lesion of spinothalamic tracts). 

 But it is also possible to observe clinical patterns of  medullary transverse section  
characterized by complete fl accid paraplegia/quadriplegia, pronounced muscular 
hypotonia, cutaneous and tendon refl exes absence, global sublesional anesthesia, 
fecal and urinary retention, impossibility of erection and ejaculation, trophic 
changes of the skin and muscles, absence of sweating, and vasomotor paralysis with 
arterial hypotension and hypothermia. An accurate early diagnosis is essential, 
since there is no spontaneous regression of the process and the surgery prevents the 
progression of symptoms. The stenosis  below  the level of the  conus medullaris  can 
manifest in many symptoms due to the compression of a single root or the cauda 
equine and causes pain (at the site of the stenosis and/or irradiated in the limbs), 
with possible sensory and/or motor defi cits. Obviously, the clinical pattern will 
depend on the extent and on the level of stenosis itself. Since the spinal cord usually 
ends at the level of the lower border of the vertebra L1, the lumbosacral roots, to 
reach the foramen where they exit from the spinal canal, must move downward 
obliquely, touching anteriorly with the intervertebral disks, with the interposition of 
the posterior longitudinal ligament. So it is clear that if the stenosis involves only 
the intervertebral foramen, it will compress the roots with the name of the lower 
vertebra, but if it also leads to a reduction of the anteroposterior diameter, it can also 
compress one or more underlying roots [ 1 – 4 ] (Fig.  1.2 ).

   So the pain can be either root or spinal. Radicular pain is generally of sciatica 
type since it is linked to the compression of the roots that give rise to the sciatic 
nerve (L5, S1, S2, etc.), but can also be a cruralgia type in cases where also L4 root, 
a root that gives rise to the femoral nerve, is compressed. 

C2-C3 C4-C5 C5-C6 C6-C7

  Fig. 1.1    Cervical dermatomes       
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 Radicular pain is localized in the site of innervation of the compressed root; 
generally it is not continuous and can be exacerbated by situations that accentuate 
the compression or stretching of the same root; typically, upright position with the 
straight leg, coughing, sneezing, and straining are all situations that result in an 
increase in CSF pressure resulting in higher compression on the nerve roots. 

 The Lasègue sign, in patients with lumbar canal stenosis, is positive in both 
phases; particularly pain is evoked with the patient supine, both during fl exion of 
the thigh on the pelvis to leg extended, both during fl exion of the thigh on the pel-
vis bent leg. The extent of root compression determines the extent of pain within 
the dermatome and then the different degree of positivity of the Lasègue sign. The 
intensity of the pain varies according to the degree of extension of the leg on the 
thigh. 

 The pains of the spine are localized, instead, in the lumbosacral region (low 
back pain); they don’t have a provision root, are exacerbated by fi nger pressure 
exerted in the paravertebral site (signs of Delitala, Lasègue, and Valleix), in corre-
spondence of the intervertebral disk, and are often associated with stiffness of the 
lumbar spine, with obvious limitation of any movement of the trunk [ 1 – 4 ]. 
The lumbar spine is stiff, the back muscles are contracted. In the upright position, 
the pelvis is tilting towards the healthy side with compensatory and analgesic sco-
liosis. From a pathophysiological point of view, low back pain is the clinical 
expression of the stretch of the peripheral portion of the fi brous ring that along with 
other structures (such as the posterior longitudinal ligament, capsular ligament 
structures of the vertebral joints, etc.) is innervated by branches of breast – spinal 
nerve Luschka. 

 The typical symptoms of stenosis are therefore a direct result of the compression 
of the spinal roots and can affect one or both legs. The main symptom is pain in the 
legs that is frequently associated to low back pain. 

L4-root

Disc
protrusions

L5-root

S1-root

S2-root

L4-body

L5-body

  Fig. 1.2    In the lumbar 
tract radicular compression 
can involve the foramen or 
the underlying roots of the 
cauda       
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 The pain in the lower limbs is generally slight at rest but becomes increasingly 
evident with ambulation, until the patient is forced to stop. The stop determines the 
attenuation of pain but reappears after another route; in advanced stages, the dura-
tion of ambulation is reduced more and more, forcing the patient to more frequent 
stops (“disease of the showcases”). This typical phenomenon is called intermittent 
neurogenic “claudication” and is distinguished from the similar symptoms of vas-
cular origin (arterial vascular disease of the lower limbs), as it is not associated with 
pale skin, hypothermia, and decrease in periferal arterial pulses. 

 The  symptoms are intermittent and therefore manifest only  when the nerve roots 
are compressed, with the erect posture and gait; this means that often, in the 
root canal stenosis, moderate, electromyographic fi ndings are normal or 
uncharacteristic. 

 Disordered sensitivity is located in the site of innervation of the root and suffer-
ing can be irritative (paresthesias) or defi cient (numbness). The motor disorders can 
range from mild weakness to a paresis important with atrophy of muscles inner-
vated by the root tablet. A sign that may be present in addition, regardless of the 
presence of motor defi cits, is the reduction of tendon refl exes. 

 Sometimes, the clinical pattern is dominated by motor defi cits when the anterior 
motor roots are mainly compressed. 

 When many roots are compressed, bilaterally cauda equina syndrome (compres-
sion of the spinal nerve roots that emerge below the fi rst lumbar root) can emerge, 
with lower back pain and pain radiated to the thighs, the legs, the perineum, with 
hypesthesia or saddle anesthesia also extended to the posteroexternal part of the legs 
and back of the foot and motor defi cits (which may vary, depending on the roots 
compressed, by a defi ciency of the fl exion and extension of the foot and toes to a 
fl accid paralysis with atrophy of the leg muscles also, foot of the buttock and thigh 
posteriorly). Sphincter defi ciency and sexual impotency may also be present [ 1 – 5 ]. 

 In etiopathogenetic terms, stenosis is distinguished in:

•    Congenital stenosis (idiopathic, spondyloepiphyseal dysplasia from strength 
from vitamin D, achondroplasia, mucopolysaccharidosis): they present with 
short and stubby peduncles, shortness of the sagittal and interpedicular diameter, 
hypertrophy, and verticalization of the laminae; the spinal canal appears small, as 
well as reduced, until with the complete absence, appears the epidural fat. The 
achondroplasia is a congenital autosomal dominant disease (gene mapped to the 
short arm of chromosome 4, 16.3 locus, which encodes the receptor for fi broblast 
growth factor (FGF)), which leads to poor response to the stimulus of osteogenic 
growth plates. It is a disease characterized by rhizomelic dwarfi sm (small growth 
in length of the upper and lower limbs, particularly with respect to the proximal 
bone, in the absence of defi cit of the trunk); kyphosis at the thoracolumbar transi-
tion, reducing the distance interpedicular descending toward skull (caudal); ver-
tebral bodies with fl attened stalks abnormal short hand (“trident”) with II, III, 
and IV fi nger courts and of the same length; and alteration of the hinge cranio-
megaly C0–C2. With time, the congenital stenosis may overlap degenerative 
joint interpeduncular and structures intervertebral disc structures, which aggra-
vates the clinical condition [ 5 – 11 ].    
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 Mucopolysaccharidosis is a congenital disease related to several enzyme defi cien-
cies involved in the catabolism of mucopolysaccharides, resulting in accumulation of 
these macromolecules in various parts of the body. Affected individuals are stocky 
characterized by facial features, and also with hepatosplenomegaly, umbilical hernia, 
and multiplex dysostosis skeletal dysostosis. At the spinal level, odontoid hypoplasia 
occurs with thickening of the transverse ligament of the tooth in relation to the deposi-
tion of mucopolysaccharides, multiple disk protrusion, biconvex deformation, and oval 
or rectangular shape of the vertebral bodies, which have beaks protruding at the corners 
of vertebral bodies. Dural thickening and yellow ligaments can present too [ 6 ]. 

 Acquired stenosis: they can be a result of surgery, injury, trauma, neoplasm, but 
above all, degenerative changes of the vertebral bodies (spondylosis, osteophytes), 
of the articular masses (osteochondrosis, osteoarthritis), intervertebral disk (protru-
sion, rear disk herniation), of the yellow ligaments (hyperplasia, calcifi cation by 
degeneration), and/or of the posterior longitudinal ligament (ossifi cation). The same 
reduction in the height of the intervertebral space, from disk degeneration, can 
cause the shortening and thickening of the intervertebral ligaments, and consequent 
imprint on the dural sac. In most cases, the acquired stenosis evolves from a condi-
tion of disk degeneration resulting in protrusion of the annulus fi brosus, which is 
accompanied by phenomena of osteophytes and spondylosis of vertebral bodies 
corresponding to the load, with an initial narrowing of the canal root canal [ 5 – 11 ]. 

 The biomechanical overload resulting from these changes affects the interapophy-
seal joints, which develop degenerative arthritic phenomena, characterized by osteo-
phytic protrusions hypertrophy and osteosclerotical thickening of the subchondral 
facet joints, which, in periods of exacerbation, may present hydrarthrosis. In this phase 
of etiopathogenesis, an extension of the root canal narrowing to both posterolateral 
recesses usually occurs. The altered mechanical stress and the local phlogogenic stim-
ulation extend fi nally to yellow ligament (overexpressing certain receptors for growth 
factors such as TGFβ), determining hypertrophy, with narrowing of the spinal canal 
and posterior symmetrical full-blown picture of stenosis (Fig.  1.3 ). The process can 
get to spondylolisthesis caused by instability of the interapophyseal joints [ 5 – 11 ].

   Mixed stenosis: they are the most frequent in clinical practice and are derived from 
the overlap of an acquired form of congenital stenosis; in this case, a disk or osteophyte 
protrusion, even slight, can lead to severe or radicular compression of the dural sac. 

 Under the topographic profi le, stenoses are divided into:

•    Central: they are characterized by a reduction in size of the central spinal canal 
that in degenerative forms is supported by the disk protrusion, from hyperplasia 
and/or calcifi cation of the yellow ligaments and the hypertrophy and degenera-
tive joint osteophytes of the masses.  

•   Lateral: they include stenosis of the lateral recesses and of the root canals.    

 Stenosis of the lateral recesses that result in changes (“cloverleaf”) (trefoil) of 
the spinal canal is due to hypertrophy with degenerative joint osteophytes of the 
masses. Sometimes, this may be unilateral, although in most cases, it is bilateral and 
symmetrical. Due to a stricture agenesis that can be represented by a synovial cyst 
from an interapophyseal joint [ 5 – 11 ]. 
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 Stenosis of root canals, more frequent than the last one, is mostly supported by 
congenital factors (shortness of peduncle): by disk protrusion and posterolateral 
osteophytes of vertebral bodies. 

1.1     Physiopathology 

 The degenerative phenomena of diskoligamentous and bony elements are the most 
common causes of spinal stenosis that, in the lumbar tract, most frequently involve 
the levels L4–L5 and L5–S1. 

a

b

c

  Fig. 1.3    Axial CT images with evidence of spinal canal stenosis characterized by symmetrical 
arthritis and osteophytosis of intervertebral joints ( a ,  b ), with gas-vacuolar degeneration ( a ), 
hypertrophy of the yellow ligament, with associated contextual calcifi ed spots ( a ,  c )       
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 The spine, as already said, is to be considered as a dynamic complex constituted 
by a single functional unit, whose components are interrelated and interdependent. 

 Having said that, it is clear that the physiological and progressive degenerative 
dehydration of intervertebral disk determines an overstrain of facet joints and, con-
sequently, suffering degenerative factors latter determines an overstrain of disk – 
somatic joint. 

 The various static and dynamic stresses, especially stress rotary, involve disk 
degeneration and facet joint. It follows protrusion and reduction in height of the 
disk, limiting approach and sclerosis of the vertebral osteophyte formations with 
stenosis of the central channel, subluxation in upward and forward of the superior 
articular masses resulting in stenosis of the lateral recesses and of the root canals 
[ 5 – 7 ,  9 – 11 ]. 

 The alterations of the articular masses include sclerosis and hypertrophy, loss of 
articular cartilage, subchondral vacuoles, osteophytes, and subluxation resulting in 
degenerative spondylolisthesis. 

 Degenerative spondylolisthesis, more frequent in the L4–L5, involves a com-
pression of the dural sac between the posterior arch of the vertebra above given that 
slides forward and the vertebral body below (bayonet mechanism). 

 Even degenerative changes of no bony structures can be due to spinal stenosis. 
An annulus fi brosus protrusion reduces the sagittal diameter of the spinal canal 
central, but it can also lead to stenosis of the lateral recesses or root canal and thick-
ening of the ligaments yellow, due to fi brosis in fatty infi ltration or calcifi c deposits, 
reduces the transverse diameter of the rear portion of the center channel and also 
reduces the sagittal diameter displacing forward the dural sac.  

1.2     Radiographic Examination 

 The radiographic examination, if of good technical quality, shows the degenerative 
changes, but it is not able to make an accurate diagnosis [ 11 – 19 ]. A spinal canal of 
normal size may be stenotic for the thickening of the ligamentous components. 
Furthermore, measurements of the diameters of the spinal canal are not very reli-
able, given the considerable individual variability, especially in the lumbar tract. It 
is true, however, that at the cervical level, there are two reference semiological 
radiographs to assess the magnitude of the sagittal diameter of the spinal canal: the 
fi rst corresponds to the line that runs along the posterior margin of the vertebral bod-
ies; the second is constituted by the spinolaminar line. This imaginary line com-
bines together the points of convergence of the laminae of each vertebral body in the 
midline, at the plant of the spinous processes. Normally, the spinolaminar line is 
convex in the anterior part and separates, at least 3–4 mm, from the posterior edge 
of the articular masses. If the spinolaminar line is to overlap the mass joints, you 
can, with absolute certainty, infer that the sagittal diameter of the cervical spinal 
canal is reduced, provided of course there is articular malposition of the masses 
[ 1 – 4 ] (Fig.  1.4 ).

1 Imaging and Symptoms of Spinal Canal Stenosis
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   A lumbar conventional radiography of the spine can detect phenomena of spon-
dylosis and interapophyseal osteoarthritis which are crucial determinants in the 
onset of root canal stenosis. The interapophyseal joints, in particular, can be mea-
sured both in the lateral projection and in the frontal one, appearing thickened and 
hypertrophic. The lateral projection also allows to highlight osteophytic protrusions 
along the edges of somatic posterior vertebral limiting. However, standard radio-
graphs do not allow a direct assessment of the anatomical structures that make up 
the walls and osteoarticular ligaments of the vertebral canal [ 1 – 4 ,  11 ,  19 ]. 

 Conventional radiography, with the lateral projection, can highlight the so-called 
spondylolisthesis, that is, an alteration of the metateric alignment characterized by 
ventral slippage of a vertebra compared to the one below, indicating an advanced 
arthritic process, with instability of the interapophyseal facet joints as a late compli-
cation. This condition must be distinguished from isthmic spondylolysis, that is, a 
ventral slippage of vertebral body compared to the vertebra below, caused by the 
bilateral interruption of the vertebral arch at the isthmus. The two processes can be 
discriminated against, in the lateral projection, using the so-called sign of the spi-
nous process (of Bryk and Rosenkranz). 

 In summary, in listhesis caused by isthmic lysis, the vertebral body will slide for-
ward and not the corresponding spinous process; it follows that in a lateral projec-
tion, its lack of alignment with the other spinous processes above will determine the 
formation of a step located above the level of spondylolisthesis. On the contrary, in 
the case of degenerative spondylolisthesis, the entire vertebra (including the spinous 
process) will slide forward and, in a lateral projection, the step of nonalignment of 
the spinous processes will be formed below the level of listhesis [ 11 ,  19 ,  20 ]. 

  Fig. 1.4    Prescription in patients with cervical spondylosis lumbar advanced degree. Spinal steno-
sis is conceivable but poorly demonstrable       
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 However, these semiological subtleties collide in clinical practice, with poor reli-
ability of the metameric alignment, especially in patients with lumbar scoliosis 
sometimes secondary to degenerative processes and advanced with the technical 
diffi culties in the proper delineation of the spinous processes in the lateral view. 
Isthmic lysis can be classically detected by oblique projections with the “Scottish 
doggie sign,” but even then, with the advent of multislice CT with multiplanar 
reconstructions, this fi nding presents a relative signifi cance in the differential diag-
nosis between isthmic lysis and spondylolisthesis instability (Fig.  1.5 ).

1.3        TC 

 CT is essential in the precise evaluation of the causes of degenerative spinal steno-
sis, since it well documents the somatic and facet joints of osteoproductive pro-
cesses, the degenerative changes of intervertebral disks, hyperplasia of yellow 
ligament (only in the lumbar spine), and/or their calcifi cation [ 6 ,  8 – 13 ] . 

 The TC, therefore, evaluates very well the state of the whole osteo-disk-ligament 
case (Fig.  1.6 ).

   In case of degenerative spondylolisthesis, CT identifi es easily subluxation of the 
interapophyseal facet joints, the sign of “double arch,” and in the sagittal multipla-
nar reconstructions, “bayonet” deformation of the dural sac. 

 The method also allows, better than MRI, an easy measurement of the diameters 
of the spinal canal. Median sagittal diameters <10 mm are indicative of absolute 
root canal stenosis, while values between 10 and 13 mm indicate a condition of 
incipient narrowing. 

  Fig. 1.5    A sign of the spinous process (of Bryk and Rosenkranz). The fi gure on the  left  and the 
T2-weighted image sagittal MRI  right , the misalignment of the spinous processes is located below 
the spondylolisthesis, degenerative basis. In the central image TC, misalignment occurs to it above 
the spondylolisthesis, which in this case depends on the isthmic lysis       
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 However, the measurement of the sagittal diameter in the median region is not as 
reliable, especially if the degenerative phenomena involve predominantly the inter-
apophyseal joints with prevailing narrowing of the lateral recesses. Also, it is to be 
considered pathognomonic of the central spinal stenosis, not so much the reduction 
in size of the channel expressed in millimeters, as the disappearance of the epidural 
fat. Considering also the congenital conditions of shortening of the pedicles, abso-
lute measurements of the diameters root canal can be misleading for the correct 
defi nition of stenosis [ 6 ,  8 – 13 ]. 

 In this regard, various criteria for measuring diameters of root canal have been 
proposed by several authors. The Jones-Thompson quotient, for example, quantifi es 
the root canal stenosis respectively dividing the product of interpedicular distance 
(A) to the maximum anteroposterior diameter of the spinal canal (B), with the prod-
uct of the maximum transverse diameter (C) and anteroposterior maximum (D) of 
the disk. A × B/C × D has a v. n. > 4.5. Values below this threshold are considered 
pathological. In this case, however, the RM is better suited to the measurement of 
the TC of different diameters used for the calculation of the quotient, ensuring a 
better delineation of the annulus fi brosus disk. Other authors have linked the overall 
reduction of the surface area of the dural sac (with values < 75 mm ^ 2), and the 
onset of painful symptoms in patients with narrow channel compared to normal 
subjects, the values of area surface were never less than 128 mm ^ 2 [ 11 ] (Fig.  1.7 ).

   In the daily clinical-radiological experience, measurements of this kind, as qual-
ity, are of limited use for their complexity, and what is more important for the cor-
rect detection of stenosis is the assessment of containing (vertebral canal) and the 

  Fig. 1.6    TC identifi es posterior vertebral arch joint structures responsible for the stenosis and 
allows you to determine their amount. In addition, the method allows a good view of the yellow 
ligaments and intervertebral disk. However, the display of the contents of the spinal canal is limited 
compared to the RM       
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content (lots of dural and spinal nerve roots) in different spaces of interbody evalu-
ated comparatively, level by level, according to the axial planes. 

 CT, however, is not able to identify the effects of the disease on the spinal extra-
dural determines. Moreover, in the cervical spine, the low amount of epidural fat 
and its small size of the spinal canal are insuffi cient to assess a possible ligamentous 
hypertrophy [ 5 ,  6 ,  11 – 13 ] (Fig.  1.8 ).

1.4        RM 

 There is no doubt that the RM presents undeniable advantages over CT in the analy-
sis of the relationship between “contains” and “content” spine. It demonstrates opti-
mal phenomena of compression on the spinal cord (myelo RM), their extension 
(panning direct sagittal), and, above all, the effect on the nervous structures and the 
possible suffering of the latter (edema, gliosis, and myelomalacia marrow). These 
advantages mean that, especially in the cervical spine, MRI represents the preferred 
method of screening [ 6 ,  13 ,  15 ] (Fig.  1.9 ).

   The radicular compression is indicated, in the sagittal T1 dependent, by the dis-
location or disappearance of periradicular fat; compression of the dural sac and disk 
degeneration, however, are more evident in the images of T2 – dependent. The T2*-
dependent images identify osteophytes and differentiate them from an adjacent her-
niating disk tissue [ 21 ]. Furthermore, especially in the cervical spine, they clearly 

A

B

CD

  Fig. 1.7    Calculation of the quotient of Jones-Thompson. The black line indicates the interpedicu-
lar distance ( A ). The  green line  indicates the maximum anteroposterior diameter of the channel ( B ). 
The  red line  ( C ) indicates the maximum transverse diameter of the disk interspace. The blue line 
( D ) indicates the maximum anteroposterior diameter of the disk interspace       
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demonstrate the ossifi cation of the posterior longitudinal ligament and yellow liga-
ment hypertrophy because of the high contrast that exists between these structures 
and the adjacent subarachnoid space. 

 In the images, axial T1 and T2 MRI identifi es employees “clover” morphology 
of the spinal canal, which, unlike the other anatomical round and oval variants, pre-
disposes to the onset of the stenosis [ 5 ,  6 ,  13 – 15 ]. 

  Fig. 1.9    Rare case of bilateral interapophyseal, synovial cyst, determining root canal stenosis and 
well detectable with MRI sequences axial T2 weighted       

Round canal Ovoid canal

Trefoil canal

  Fig. 1.8    Different morphologies of the spinal canal in relation to anatomic variations of the ver-
tebral bodies: round, clover, ovoid       
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 The yellow ligaments can be well defi ned and their hypertrophy (7–8 mm thick 
compared to normal values that do not exceed 4 mm) is refl ected in a typical bilat-
eral and symmetric protrusion of the ligamentous borders, with narrowing of the 
posterior vertebral canal. Always through the axial images, T1- and T2-weighted 
MRI allow an accurate study of the lateral recesses, of phenomena of degenerative 
joint disease, and interapophyseal chondropathy associated with them; the latter is 
much more visible than the TC due to intrinsic most contrast resolution of the 
method. 

 In this regard, a possible cause of the acute symptoms is represented by the for-
mation of synovial cysts that protrude into the spinal canal and lateral recesses, 
compressing the nerve roots. These injuries can be easily attributed to “space- 
occupying” synovial protrusions, thanks to RM, which, through its multiplanar 
capabilities and its excellent contrast resolution, defi nes the signal and the morphol-
ogy and distinguishes the contours of the nerve root through sagittal T2-weighted 
images [ 5 ,  6 ,  13 – 15 ,  22 ,  23 ]. These acquisition plans also allow to appreciate the 
obliteration of the epidural fat that surrounds the nerve root, which is also a sign of 
lateral compression (Fig.  1.10 ).

   MRI also allows to identify phenomena of nerve root compression by the verte-
bral pedicles, related to thinning asymmetric disk interspace. This framework, 
which the Anglo-Saxon authors label as “pedicular kinking,” takes place in the 
event of severe disk degeneration – somatic asymmetric, when the vertebra above 
the slender portion laterally to the left or right of a disk interspace tilts caudally, 
approaching the vertebra below. This involves a descent of the corresponding stalk 
that contacts the nerve root. This phenomenon, commonly found in the lumbar 
spine, especially in elderly patients who have scoliotic deviations secondary to 
spondylosis and arthrosis interapophyseal, is properly documented with T1- and 
T2-weighted coronal plane, with which you can have direct visualization of the 
sacral plexus [ 5 ]. 

Pedicular
Kinking

  Fig. 1.10    Possible causes of stenosis asymmetric with nerve root compression: the image on the 
 right  shows the phenomenon of pedicular kinking, the  left  hip osteoarthritis       
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 MRI also enables an optimal and essential evaluation of the spinal “content.” In 
the neck, in fact, the myelomalacia, with focal areas of hyperintensity on T2-weighted 
medulla, centrally located, with irregular margins and placed in the stricture, is a 
pathognomonic sign of medullary suffering. In order to differentiate the areas of 
myelomalacia from the gliosis, the T1-weighted sagittal plane is of considerable 
importance. The areas of myelomalacia, in fact, are hypointense T1 lesions, while 
gliotic lesions appear little or no distinguishable in these sequences [ 6 ,  13 ,  15 ,  21 ]. 

 In this regard, FLAIR-T1 weighted sequences have recently been developed, 
which broke down the signal of CSF, allowing better delineation of the spinal cord 
and epidural space. The best resulting anatomical detail ensures optimal evaluation 
of containing and content, essential for the correct interpretation of the images and 
their correlation with the clinical pattern. These sequences also are less affected by 
any artifacts from magnetic susceptibility compared not only to the sequences to 
echo gradient but also against the same sequences to spin echo, benefi ting from the 
prepulse reversal of MML to 180 °, which provides an additional recovery phase 
coherence to spin. As in all the T1-weighted sequences, even in FLAIR T1, there 
has been a marked improvement in the quality iconographic in terms of S/N ratio 
with increasing magnetic fi eld, so these sequences are used widely in the devices at 
high fi eld (3 T) [ 15 ,  16 ,  21 ,  24 ]. 

 At the axial plane, the cervical spine is preferable to use T2 to echo gradient, 
which provide an optimal anatomical detail of the spinal cord, differentiating the 
gray matter (anterior and posterior horns and commissure) from the white (front, 
rear, and side cords). These sequences are particularly useful in the context of bone 
marrow disease, in differentiating the various pathological conditions in relation to 
the topography of the lesion (e.g., back cords in immune-mediated infl ammatory 
lesions such as multiple sclerosis, compared to front cords involved in myelomala-
cia derived from canal stenosis) [ 15 ,  16 ,  21 ,  24 ] (Fig.  1.11 ).

   Recently, Kang, Lee, and other authors have tested a grading for the evaluation 
of cervical stenosis, using T2-weighted images in the sagittal plane, based on four 
levels: (1) absence of central stenosis, (2) obliteration of the subarachnoid space in 
the absence of deformation of the bone marrow, (3) obliteration of the subarachnoid 
space with medullary deformation, and (4) myelomalacia. This approach, although 
suggestive, presents some critical points. Infact con “the study, which is retrospec-
tive” conducted does not allow to correlate adequately RM alterations emerged at 
the time of the survey with the symptomatology reported by patients enrolled and 
limits the latter not particularly signifi cant in cases of overt myelomalacia, but rather 
in the less severe degrees of stenosis. Moreover, this model, while describing vari-
ous degrees of stenosis, does not provide reliable predictors on how much and how 
long a certain stage can evolve into the next [ 14 ] (Fig.  1.12 ).

   The spinal content, in the lumbar seat, is represented by the terminal cone and by 
the cauda equina. Similar to what happens in the cervical tract, also in the lumbar 
column, such structures are to be well studied with MRI, which can highlight, in the 
sagittal T2-weighted sequences, the jumble of roots of the cauda equina, which have 
a convoluted and serpiginous course, at the point of greatest stenosis or a little more 
cranially to it (Fig.  1.13 ).
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  Fig. 1.11    Myelopathy resulting in stenosis of the cervical spinal canal       

  Fig. 1.12    In sagittal T2 will appreciate the extent of stenosis and myelomalacia, in axial T2*, they 
highlight well the herniated disk, the osteophytes, and hypertrophy of the yellow ligaments  (red arrow)        

 

 

1 Imaging and Symptoms of Spinal Canal Stenosis



16

   The use of contrast medium RM is not necessary for the diagnosis of stenosis 
root canal, as the set of numerous morphostructural alterations of the vertebral canal 
and of the spinal content is well detectable by the base sequences. However, the 
contrast agent fi nds its rationale in all cases in which the root canal stenosis is asso-
ciated to fi ndings doubts that require differential diagnosis. 

 It’s the case, for example, of the asymmetry of the nerve roots through the inter-
vertebral foramen which have to be differentiated from expansive processes of the 
same (schwannomas). Furthermore, the expansive neoplastic alterations of the ver-
tebral bodies (somatic metastases, pedicle or more rarely tumors with osteogenic or 
chondrogenic matrix) must be identifi ed and possibly also characterized with the 
aid of the contrast medium and with the integration by CT and/or nuclear medicine. 
Finally, an exacerbation of clinical symptoms related to stenosis can be related to 
interpedicular infl ammation, sometimes asymmetrical, which is well documented 
by the enhancement of the concerned interapophyseal joint, especially when the 
existing interapophyseal osteoarthritis is symmetrical and not predominant between 
the two articular complexes (Fig.  1.14 ).

   The imaging methods described above are not only needed for the diagnostic 
defi nition and for the grading of degenerative spinal canal stenosis, but play a cru-
cial role in the choice of a rational possible surgical option. In this regard, it should 
be noted that this therapeutic approach is not always conclusive and must take into 
account the preliminary and essential information that both the TC with regard to 
skeletal component and the phenomena of soft tissue calcifi cation and that the RM 
with regard to the evaluation of component disks, capsular ligament, and joint and 
on the content of the spinal canal allow to obtain.     

a b

  Fig. 1.13    Stenosis of the spinal canal in the lower back causes damage to the roots of the cauda 
equina, which are well marked with MR acquisitions in the sagittal plane       
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2.1           Introduction to the Lumbar Spinal Canal Stenosis 

 The lumbar spinal stenosis (LSS) results from a narrowing of the spinal canal lead-
ing to compression of nerve roots contained in the dural sac and/or foramina. The 
LSS can be caused by many congenital (idiopathic or achondroplastic LSS), iatro-
genic (typically post-laminectomy or post-fusion), and acquired conditions. 

 Narrowing of the spinal canal in  idiopathic  stenosis results from congenitally 
short pedicles; other morphologic features are thick, squat pedicles, trefoil-shaped 
aspect of the canal and lateral recesses in axial plane, and laterally directed laminae. 
Patients with this condition tend to become symptomatic later (beyond the fourth 
decade), frequently because of the superposition of acquired (although even mild) 
degenerative changes, which would be well tolerated otherwise. Other causes of 
spinal stenosis include excessive use of corticosteroids, either iatrogenic or endog-
enous (e.g., Cushing’s syndrome), as well as Paget’s disease and acromegaly. 

  Acquired  LSS is by far the most common situation, and one of the most frequent 
reasons why a patient presents to a spine specialist [ 1 ]. The narrowing of canal and/
or foramina is caused by a combination of a wide variety of age-related degenera-
tive changes of the lumbar disks and facets joints: loss of disk height, bulging of the 
annulus fi brosus, ligamentum fl avum infolding, facet osteoarthritis with hypertro-
phy and osteophyte formation, thickening of the joint capsule, and occasional syno-
vial cysts. Facet hypertrophy and deformation often lead to degenerative 
spondylolisthesis, the primary level affected being L4–L5, followed by L3–L4. 

        G.   Bonaldi ,  M.D.      (*) 
  Department of Neuro Radiology ,  Papa Giovanni XXIII Hospital ,   Bergamo ,  Italy   
 e-mail: bbonaldi@yahoo.com   

    L.   Manfrè ,  M.D.    
  Minimal Invasive Spine Therapy Department ,  AOE Cannizzaro ,   Catania ,  Italy    

  2

  Electronic supplementary material  Supplementary material is available in the online version of 
this chapter at   10.1007/978-3-319-26270-3_2    . 

mailto:bbonaldi@yahoo.com
http://dx.doi.org/10.1007/978-3-319-26270-3_2


20

 Symptoms of nerve root compression in the dural sac or foramina are those of 
intermittent neurogenic claudication (INC) [ 2 – 4 ]: discomfort and pain radiating to 
buttocks, thigh, and lower limbs during standing and walking. Symptoms are exac-
erbated by lumbar extension and relieved by fl exion. Patients do better sitting or 
biking, or they feel more comfortable going up rather than going down stairs or 
slopes. This happens because standing narrows the neural foramina and canal area 
resulting in impingement, whereas fl exing (such as when sitting or riding a bike or 
walking uphill) enlarges the spinal canal area, relieving impingement. Physical 
examination may reveal a wide-based gait and unsteadiness, due to involvement of 
the proprioceptive fi bers in the posterior columns [ 5 ]. A sensory or motor defi cit 
occurs in about half of patients, and the defi cit may occur bilaterally, frequently 
involving more than one specifi c nerve. Motor fi ndings are typically mild, and func-
tionally limiting lower limb weakness is uncommon [ 5 ]. 

 Onset of symptoms, although not yet completely elucidated, seems related to 
pressure on the venules surrounding the nerve roots, leading to engorgement and 
ischemic nerve impairment [ 6 – 12 ]. Such ischemic mechanisms also accounts for 
immediate reversibility of symptoms as pressure on venules/nerve structures is 
relieved (i.e., patients stop walking or sit or bend their back forward), much like 
vascular claudication. This behavior of symptoms also explains the defi nition of 
claudication as intermittent. 

 Treatment of symptomatic LSS can be  conservative , using medications, exer-
cises and physiotherapy programs, and pain-controlling injections. The majority of 
symptomatic patients managed nonoperatively report no substantial change over the 
course of 1 year [ 13 – 15 ]. 

  Operative  treatment traditionally consists of decompression of the spinal canal 
with laminectomies and/or partial facet arthrectomy with or without instrumented 
stabilization. The last decades have seen a growing trend in use of minimally inva-
sive techniques in spine surgery for the degenerated lumbar spine, which use smaller 
incisions with minimal soft tissue trauma and more limited removal of the laminae 
and facet joints, have a low rate of complications, signifi cantly reducing the hospi-
talization, often on an outpatient basis. Minimally invasive surgical approaches and 
implants can be used to avoid or delay more aggressive procedures, and their use as 
“intermediate” solutions is justifi ed as long as iatrogenic trauma during implanta-
tion is minimal. 

  Non-dynamic percutaneous spacers  represent an even less invasive alternative to 
conventional open surgery for patients with mild/moderate LSS, who failed conser-
vative treatments. Despite surgical indication for spacer introduction has been 
recently extended to lumbar discogenic pain, facet joint syndrome, disk herniation 
and low-grade instability, mild spinal canal stenosis remains the main disease to be 
treated with [ 16 ]. Moreover, percutaneous spacers are cheaper and safer than instru-
mented fusion procedures and do not preclude further therapeutic options. Thus, 
although many questions are yet to be answered and further studies are required to 
determine the optimal design of implants, such devices and surgical approaches 
may represent a valuable tool in the hands of not only spine surgeons but also of 
interventional radiologists.  
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2.2     Biomechanics of LSS and Spacers 

 The basic functional spinal unit (SU) is the smallest physiological unit of motion of 
the spine. It is therefore termed as “motion segment.” It consists of two adjacent 
vertebrae, the disk and all the connecting ligaments. Individual motion segments 
contribute to the total motion of the spine. The components and movements of the 
SU are extremely complex, and the biomechanics of SUs are neither fully under-
stood nor simple to explain. 

 Nevertheless, we will try to summarize the main concepts on which the designs 
of the different interspinous devices are based, be they used either for treatment of 
canal and foramina stenosis or as local stabilizers for treatment of back pain from 
moderate instability. 

 In fl exion and extension, muscles apply a bending moment to the SU. The bend-
ing moment ( M ) corresponds to two vector forces applied in opposite directions 
with a distance between them different from 0 and is measured as a force ( F ) multi-
plied by a distance ( d ):  M  =  Fd  (Fig.  2.1 ). During fl exion of the lumbar spine, mus-
cles apply a bending moment to the SUs. The total motion obtained (modifi cation 
of posture from neutral to fl exion) is the sum of the modifi cations obtained at the 
level of each single SU, i.e., a decrease of the anterior disk height and a widening of 
the posterior structures (particularly of the interspinous space), which are stretched 
and moved apart. The supraspinous ligament is the structure limiting fl exion more 
effectively.

   The opposite happens in extension, with an increase in the anterior disk height 
and closing of the interspinous space. 

2.2.1     The Neutral Zone (NZ) 

 The NZ (Fig.  2.2 ) is the position of the SU in which a small bending moment can 
result in a large movement (i.e., a large change in the angles between the two verte-
brae). In a normal SU, the center of the NZ corresponds to the middle position 
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  Fig. 2.1    A bending moment exists in a structural element when a moment is applied to the ele-
ment so that the element bends. Moments and torques are measured as a force multiplied by a 
distance:  M  =  Fd        
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between fl exion and extension. A small moment is required to start fl exion (or 
extension). However, with a progressive increase in the movement, it becomes 
increasingly harder to obtain new fl exion (or extension). The NZ is a measure of the 
laxity of the SU, and it widens in the presence of instability. Pathological widening 
of the NZ allows exaggerated movements, which in turn require a large amount of 
energy for return to the neutral state. Dynamic devices, like the spacers used for 
treatment of the spinal stenosis, aim to reduce the NZ or to reposition it in the appro-
priate (nonpainful) place. A reduction of the NZ corresponds to a reduction of the 
local instability, and this in return corresponds to less irritation and compression of 
the roots traversing or exiting canal and foramina at the stenotic level.

2.2.2        Instantaneous Center of Rotation (ICR) 

 The ICR corresponds to the point at which, if a load is applied, no bending occurs. 
It is defi ned as “instantaneous” because it can change at every instant during differ-
ent types of movements. As an example, think of a bicycle wheel. When the wheel 
turns round, the central pivot does not touch the ground; the ICR corresponds to the 
nonmoving center of the hub. However, in a moving bicycle, the only nonmoving 
part is the one touching the ground, and it changes at each instant (imagine the 
wheel turning as a whole around the fi xed point in contact with the ground). 
Predicting the ICR in structures as complex as the SU is diffi cult. The ICR changes 
with different movements, and these changes become more unpredictable in the 
presence of instability. More often, in a healthy SU, in the standing, inactive posi-
tion, the ICR is located posterior to the center of the disk (Fig.  2.3a ), just above 
the inferior end plate [ 17 ] (corresponding approximately to the center of gravity). 

  Fig. 2.2    Bending moment versus fl exion angle of a SU. In the NZ, small differences in bending 
moment result in large changes of angle       
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It moves in fl exion and extension, and the variability is considerable. There are no 
simple rules to predict the effect of stabilization devices on the ICR, but one is 
notable: the ICR moves toward an increase of stiffness.

2.2.3        Changes Occurring When an Interspinous Spacer Is 
Deployed 

 As the supraspinous process is preserved surgically when a spacer is introduced 
percutaneously, spacers do not modify SU biomechanics during fl exion. During 
extension, the biomechanics are not modifi ed until the spacer undergoes com-
pression. At that moment, the ICR moves posteriorly behind the facets (i.e., 
toward the increase in stiffness determined by the device), thereby modifying the 
loads on the different parts of the SU (Fig.  2.3b ). The reduction of the NZ and 
modifi cation of the ICR given by the presence of the device totally modify the 
behavior of the SU and the loads in its components. The anterior annulus is 
stretched and an additional increase in the anterior height of the disk is obtained: 
the apposition of IS reduces disk load avoiding local anterior spinal column 
stress [ 18 ,  19 ]. To allow and compensate for this, the facets move opposite to the 
normal direction, opening instead of closing. That is, the amount of movement 
that is no longer obtainable at the expense of the interspinous space (decrease of 
the angle in extension) is now obtained at the level of different, elastic structures. 
An immediate consequence is widening of spinal canal and foramina, instead of 
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  Fig. 2.3    The rigid interspinous spacer moves the ICR posteriorly ( 3b ), modifying the loads on the 
different parts of the SU, in comparison to normal vertebral unit ( 3a )       
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conventional narrowing during the extension. Another consequence of spacer 
introduction is that the back pain induced in extension by pressure originating in 
the facets and/or posterior annulus may be partially relieved by unloading of 
these structures [ 20 ]. 

 In a cadaveric study on the effects of an interspinous implants on disk pressures, 
Swanson and colleagues reported that the pressures of the posterior annulus and 
nucleus pulposus were reduced by 63 % and 41 %, respectively, during extension 
and by 38 % and 20 %, respectively, in the neutral, standing position [ 18 ] (Fig.  2.3b ). 
Biomechanical studies have shown that the implant signifi cantly reduces intradiscal 
pressure and facet load (Fig.  2.4a, b ), as well as preventing narrowing of the spinal 
canal and neural foramens (Fig.  2.5a–e ) [ 18 ,  20 ,  21 ].

a

b

  Fig. 2.4    Intradiscal pressure reduction after spacer implantation. On preop sagittal CT scan recon 
( a ), marked lumbar sacral canal stenosis at the level of L4–L5 can be appreciated, with reduced 
interspinous space, interspinous ligaments bulging, and moderate local disk protrusion. After 
interspinous spacer introduction ( b ), there is an interspinous space and spinal canal widening, with 
the appearance of evident intradiscal degenerative gas, related to intradiscal pressure reduction. 
The spinous processes have been augmented with PMMA injection       
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    In extension, the rigid interspinous implant signifi cantly increases the canal area, 
subarticular diameter, canal diameter, and area/width of the foramen [ 18 ,  22 ,  23 ]. 
The fi nal effect is that the implant prevents narrowing of the spinal canal and foram-
ina in extension, thereby reducing or eliminating compression of the nerve roots.   

e

d

b

c

a

  Fig. 2.5    Spinal foramina stenosis and spacers in a patient suffering from selective left L4 sciatal-
gia. On preop left parasagittal 2D CT scan recon, a severe narrowing of the left L4/L5 radicular 
foramina can be appreciated ( a ). A percutaneous spacer (Helifi x®) is directly introduced via right 
paraspinal approach ( b ) using specifi c muscle dilator support. After removing the spacer dispenser, 
the device can be appreciated between the L4 and L5 spinous processes on a coronal 2D CT recon 
scan ( c ), widening in interspinous space. As a consequence of spacer introduction, left L4/L5 
foramina is widened ( red arrows ), as appreciated on 2D ( d ) and 3D ( e ) CT scan reconstructions       
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2.3     Design Rationale of Devices for Treatment of Lumbar 
Stenosis and General Surgical Principles 

 There are two main categories of devices design: the  interspinous spacers  and the 
pedicle  screw-based  systems. 

 Rigid, non-deformable, non-dynamic interspinous spacers are the most widely 
diffuse ones for treatment of a stenotic condition, since they have a constant effect 
on the distraction of the spinous processes and consequently on the size of the canal 
and foramina. Low-rigidity, deformable devices (as pedicle  screw-based  systems) 
act more as shock absorbers, with a consequently more physiological action on 
range of motion of the SU together with an increase in bone compliance. They are 
more indicated for treatment of back pain generated by a local instability inside the 
SU/s (dynamic stabilization).  

2.4     Interspinous Spacers 

 Originally, the interspinous process decompression system X-STOP (Medtronic) 
was proposed by Zucherman and colleagues [ 24 ] in the late 1990s for treatment of 
the symptoms of intermittent neurogenic claudication (INC) due to segmental spi-
nal stenosis [ 2 – 4 ]. The X-STOP (Fig.  2.6 ) consists of an oval spacer positioned 
between the two spinous processes at the symptomatic level. The lateral wing is 
then attached to prevent the implant from migrating anteriorly or laterally out of 
position. The lamina and the intact supraspinous ligament also limit anterior migra-
tion and posterior migration, respectively. The central titanium-made pivot was 
rigid in the fi rst version. Nowadays a PEEK layer covering the pivot makes it softer. 

a b

  Fig. 2.6    In ( a ) an image of the X-STOP, depicting the lateral wings, the central spacer, and the 
tissue expander that pierces the interspinous ligament. In ( b ) the device deployed in the interspi-
nous ligament, with the wings limiting lateral migration       
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It is deployed through a small posterior surgical approach. It is intended to prevent 
extension of the stenotic levels yet allowing fl exion, axial rotation, and lateral bend-
ing [ 24 ]. Leaving the supraspinous ligament in place and intact has the double effect 
of preventing posterior migration of the device with no modifi cation of the SU 
behavior when fl exion occurs. Several different studies [ 18 ,  20 ,  21 ,  23 – 28 ,  40 – 42 ], 
including six cadaveric studies, report the effects of the device on biomechanical 
behavior of the lumbar spinal unit. Among them, the most important are limitation 
of range of motion in extension, increase in size of foramina and spinal canal, 
decreased loads in extension on posterior zygapophyseal joints, and decreased intra-
discal pressure in neutral and extended position.

   Similar percutaneous devices on the European market (still not yet approved in 
the USA) are available. Among them, in alphabetical order:

•    Aperius (Medtronic)  
•   BacJac (Pioneer Surgical Technology)  
•   Flexus (Globus Medical)  
•   Falena (Mikai, Italy)  
•   Helifi x (Alphatec)  
•   In-Space (Synthes)  
•   Prow (Non-Linear Technology Spine)  
•   Superion (VertiFlex)    

 But new devices are developed every day. 
 Superion and Aperius are rigid, being made of titanium, and are generally 

deployed through a percutaneous approach. BacJac, Flexus, Falena, Helifi x, and 
In-Space are mainly made of polyetheretherketone (PEEK) totally or just in the 
area that came in contact with the lamina: PEEK is a semicrystalline thermoplas-
tic that exhibits ideal strength, stiffness, resilience, and biocompatibility for spine 
surgery. It allows stress to be distributed more evenly on the surrounding bony 
structures, reducing an overload that could lead to acute fracture or chronic bone 
porosity and reabsorption. All of them are fully deployed percutaneously or 
through mini-open surgical accesses. The Prow is made of ultra-high-molecular-
weight polyethylene (UHMWPE), a material used extensively for over 40 years in 
total joint replacements. Similar to PEEK, it has an elasticity modulus close to 
that of bone, granting support to adjacent bone with a lessened chance of 
subsidence. 

 Wallis (Abbott Spine) [ 29 – 31 ] and the DIAM (Medtronic) [ 32 ,  33 ] are double- 
action devices in which the interspinous spacer is secured with two tension bands 
wrapped around the upper and lower adjacent spinous processes. The bands also 
give support to the supraspinous ligament in limiting fl exion of the SU (hence the 
double-action of the devices; more intense for Wallis and less for DIAM, whose 
surgical insertion does not entail sectioning of the supraspinous ligament). The 
Wallis is made of PEEK. The core of DIAM is made of silicone, whereas the 
outer mesh and tether are made of polyethylene terephthalate (polyester). 
Silicone is more resilient and compressible and is preloaded by compression 
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before insertion. This permits posterior tensioning of the ligaments and disk, 
allowing a type of ligamentotaxis (particularly of the posterior annulus fi brosus). 
Biomechanical studies [ 19 ,  34 ,  35 ] showed the following data: decrease of both 
range of motion and intradiscal pressure at instrumented level with no signifi cant 
change at adjacent level, and after discectomy, the angular motion was restored 
to below the level of the intact segment in fl exion and extension but failed to 
stabilize in rotation. 

 Similar to DIAM is IntraSPINE (Cousin Biotech, France), which is made of the 
same silicone covered with a polyester textile. The silicone core has a shape based 
on a different concept compared with other interspinous devices. The central core 
fi tting the interspinous space has an anterior part, designed to suit the interlaminar 
space. This kind of “nose,” covered with a layer of silicone to avoid fi brosis in the 
yellow ligament area, gives the device a more anterior (ventral) point of action 
directly between the laminae, with a consequently more effi cient action on the ICR 
(similar to that of the PercuDyn system, see ahead). 

 The Cofl ex (Paradigm Spine) is a U-shaped titanium device, inserted surgically 
between the spinous processes. This entails removal of all interspinous and supra-
spinous ligaments. Compared to dynamic devices, it is more rigid and, because of 
its shape, has more contact surface with bone. This could be an advantage over other 
interspinous/interlaminar decompression devices, thereby reducing the risk of 
delayed bone subsidence (see below in the “Complications” paragraph). 
Biomechanical studies [ 36 – 38 ] show that the device has a signifi cant effect in 
reducing range of motion of the instrumented level, with no signifi cant increase in 
range of motion at adjacent level when compared to posterior lumbar interbody 
fusion (PLIF).  

2.5     Pedicle Screw-Based Systems 

 Screw-based posterior stabilization devices fall in a different category of design. 
 PercuDynTM (Interventional Spine) (Fig.  2.7 ) is a screw-based posterior sta-

bilization device. Two screws are inserted with a totally percutaneous, 
fl uoroscopy- guided approach through the pedicles into the vertebral body. The 
polycarbonate-urethane-resilient heads provide support to the inferior articular 
facets of the upper vertebra, thereby limiting their range of motion in extension. 
This device can be used even if a spinous process is not present (L5–S1 or post- 
laminectomy), a condition preventing the use of most of the spacers. Moreover, 
the device might have an effect even in treating true discogenic pain. The spacer 
is mounted more anteriorly with respect to a true interspinous device. 
Consequently, it exerts a more effi cient action in moving the ICR outside the 
disk, forcing the segment into fl exion into a neutral position and keeping the 
posterior annulus as distracted as possible. Thus, on a theoretical, biomechanical 
basis, it should decrease intradiscal pressure, reduce annular compression, and 
preserve posterior disk height in a more effi cient way than more posteriorly 
applied devices [ 39 ].
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2.6        Clinical Evidence 

 Safety and effectiveness of the X-STOP device have been confi rmed in a random-
ized controlled trial [ 24 ,  40 ,  41 ]. This prospective trial was conducted at nine cen-
ters in the USA. Two hundred patients were enrolled in the study and 191 were 
treated: 100 received the X-STOP and 91 received nonoperative therapy. Using the 
Zurich Claudication Questionnaire (ZCQ) criteria, at 6 weeks the success rate was 
52 % for X-STOP patients and 10 % for non X-STOP patients. At 6 months, the 
success rates were 52 and 9 %, respectively, and at 1 year, 59 and 12 %. One of the 
most important results of the study is that the effi cacy of interspinous device was 
proved to be comparable to previous reports for decompressive laminectomy but 
with considerably lower morbidity [ 24 ]. At 2 years, the mean improvement in the 
physical function domain was 44.3 % in the X-STOP group and -0.4 % in the con-
trol group. In the X-STOP group, 73.1 % patients were satisfi ed with their treatment 
compared with 35.9 % of control patients [ 37 ]. Results remained stable at an aver-
age of 4.2 years postoperative follow-up on 18 of the X-STOP patients [ 41 ] by ODI 
measurements; however only 18 out of 100 X-STOP-implanted patients were 
included in the study. These results were consistent with those reported by Lee et al. 
[ 42 ], although in a consecutive series of only ten patients. Other authors reported 

a

c d

b

  Fig. 2.7    The screw-based PercuDyn system. Titanium screws are anchored in the S1 pedicles  A , 
while the polycarbonate-urethane heads of the screws support and cushion the inferior facet com-
plex of the upper L5 metamer  B–C–D , limiting its extension and unloading the disk       
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varying degrees of satisfactory outcome: 71 % at 1-year follow-up of 40 consecu-
tive patients surgically treated with X-STOP implantation by Siddiqui et al. [ 43 ] and 
31.1 % in the series of Brussee et al. [ 44 ]. Puzzilli et al. [ 45 ] compared in a prospec-
tive multicenter study 422 X-STOP implanted patients with 120 conservatively 
managed patients: at follow-up (with a minimum of 3 years) statistically signifi cant 
improvements in the ZCQ and VAS scores were seen in patients treated with the 
X-STOP device but not in the nonoperative control patients at all postoperative 
intervals (P < 0.05). During the fi rst 3 years, in 38 out of the 120 control cases, a 
posterior decompression and/or spinal fi xation was performed because of unsatis-
factory results of the conservative therapy. In 24 of 422 patients, the interspinous 
device had to be removed, and the patients underwent open decompression. 

 In two recent randomized controlled multicenter trials, interspinous process 
device implant was compared to minimally invasive decompression [ 46 ] and to con-
ventional surgical decompression [ 47 ]. Statistically signifi cant clinical differences 
in effect between the methods were not found. Interspinous process device implanted 
patients had a higher risk of secondary surgery but lower complication rates. 

 Beyer et al. [ 48 ] compared in an open prospective non-randomized study of 45 
patients the results of percutaneous interspinous stand-alone spacer Aperius with 
bilateral open microsurgical decompression: 5 patients out of 12 in the percutane-
ous group required implant removal and open decompression during follow-up. 

 In a multicenter randomized controlled trial in 391 patients [ 49 ], the Superion 
interspinous process spacer proved effective in relieving symptoms of intermittent 
neurogenic claudication secondary to moderate LSS in the majority of patients at 
2-year follow-up. In this trial the controls were represented by X-STOP implanted 
patients: no clinical differences were seen between groups, and rates of complica-
tions and reoperations were also similar. 

 The Cofl ex device in addition to decompressive surgery was compared [ 50 ] to 
decompressive surgery alone in a total of 60 patients with lumbar spinal stenosis. At 
1-year follow-up no statistically signifi cant differences in outcomes were observed 
between the two groups, each consisting of 30 patients. 

 Wallis and DIAM were mostly used [ 51 – 55 ], rather than for treatment of pure spinal 
stenosis, with the aim to decrease range of motion at the instrumented level to treat mild 
segmental instability, to reduce intradiscal pressure and prevent recurrence of disk her-
niation at the same level, or to protect adjacent levels. The devices were used, in these 
studies, with a wide variety of lumber disorders and most of times in combination with 
decompressive surgery. All studies were also retrospective: consequently, no reliable 
conclusions can be drawn regarding their effectiveness in treatment of spinal stenosis. 

 In a meta-analysis [ 56 ] to evaluate the effi cacy and safety of interspinous process 
distraction device (IPD) compared with open decompression surgery (ODS) in treating 
lumbar spinal stenosis, the authors found 21 publications, including 20 clinical trials 
and 54,138 patients. The results indicated that there was no signifi cant difference in 
improvement rate, ODI score, and VAS scores of back pain or leg pain between IPD 
group and ODS group. The post operation complication rate, perioperative blood loss, 
hospitalization time, and operation time were lower/shorter in IPD group than ODS 
group. However, the reoperation rate in IPD group was higher than ODS group.  
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2.7     Contraindications and Complications 

 There are several contraindications to the use of interspinous implants (Table  2.1 ) 
[ 57 – 62 ]. Spacers induce segmental kyphosis of about 2°, minimally distorting the 
sagittal alignment, eventually leading to adjacent segment instability [ 61 ,  62 ]. Thus, 
a procedure involving more than two segments is not recommended (Fig.  2.8a–f ). 
Interspinous spacers are ideal for treatment of L2–L3, L3–L4, and L4–L5 stenotic 
segments, even in case of previous different surgical procedures (Fig.  2.9a–f ). The 
S1 vertebra usually lacks a spinous process large enough to provide a stable implant 
of the device: sometimes, however, thanks to a suffi ciently large S1 spinous process, 
even the L5-S1 space is suitable for spacer implant, if the length of S1 spinous pro-
cess is suffi cient to sustain the spacer (Figs.  2.10a–d  and  2.11a–e ). The spine sur-
geon must consequently carefully evaluate such condition during the preoperative 
diagnostic workup [ 64 ,  65 ]. Only mild degrees of degenerative spondylolisthesis 
(grade I) are suitable for treatment with use of stand-alone interspinous spacers [ 62 , 
 63 ,  66 ]: when facet joint mobility is maintained (viz., no signifi cant degenerative 
articular block), spontaneous realignment of the grade I listhesis can be appreciated 
(Figs.  2.12a, b  and  2.13a, b ). On the contrary, conventional surgical stabilization/
fusion should be considered in case of more severe symptomatic listhesis (up to 
grade II). True spondylolisthesis with isthmic lysis must be considered an absolute 
contraindication because the discontinuity of the posterior arch would not allow an 
effective segmental kyphosis [ 64 ,  66 ]. Scoliosis with a Cobb angle of more than 25° 
is correlated with poorer outcomes [ 64 ,  65 ,  67 ]. An osteoporotic condition must be 
considered to be a contraindication because of the risk of fractures consequent to the 
pressures generated against bony surfaces.

         According to the literature, 3.8–11.9 % of patients treated with IS experience 
early recurrence of symptoms because of posterior laminae remodeling, generally 

   Table 2.1    Interspinous spacers: contraindications   

 1. Allergy to titanium or titanium alloys (or any component of the implant) 

 2.  Spinal anatomy or disease that would prevent implantation of the device or cause the device 
to be unstable in situ, such as: 

  (a) Fracture 

  (b) Signifi cant scoliosis with a Cobb angle >25° 

  (c) Degenerative spondylolisthesis greater than grade 1.0 on a scale of 1 to 4 

  (d) True spondylolisthesis due to isthmic lysis (because the action of the device would widen 
and aggravate the lysis and not modify the degree of the olysthesis) 

 3. Ankylosed segment at the affected level(s) 

 4.  Cauda equina syndrome (defi ned as neural compression causing neurogenic dysfunction of 
the bowel or bladder) 

 5. Active systemic infection or infection localized to implantation site 

 6.  A diagnosis of severe osteoporosis defi ned as bone mineral density (from dual energy X-ray 
absorptiometry or a comparable study) in the spine or hip that is >2.5 standard deviations 
below the mean of normal adult values 
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a b

c d
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  Fig. 2.8    Two contiguous spacer introduction in a patient with multilevel spinal canal stenosis. 
The patient was originally treated for selective L4/L5 lumbar spinal canal stenosis with a fully 
PEEK covered 12 mm spacer (Helifi x®) with minimal lamina bone remodeling after 1 year ( a ). 
Because of recurrent spinal canal syndrome, he underwent MR scan demonstrating new LSC ste-
nosis at L3/L4 level. A second 8 mm spacer (In-Space®) was introduced at that level, showed on 
sagittal ( b ) and coronal ( c ) 2D recon CT scans. Preventing further bone lamina remodeling, a small 
12G Jamshidi needles were introduced into the L3 and L4 spinous process via sagittal route ( d ) 
and 1–2 cc of PMMA were injected (laminoplasty), protecting the spinous processes from future 
reabsorption or fracture ( e, f )       
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  Fig. 2.9    L2–L3 spinal canal stenosis in a patient with 12 years previous L3 to L5 extensive surgical 
posterior fusion with bone graft. On axial ( a ) and sagittal ( b ) T1-weighted spin-echo scans, evident 
L2/L3 spinal canal stenosis related to ligaments bulging can be easily appreciated, just above the 
level of posterior fusion. After L2/L3 spacer introduction, widening of the spinal canal and interspi-
nous space can be appreciated on sagittal ( c ,  right ) and coronal ( d ,  right ), in comparison to preop 
scans ( c ,  d ,  left ). 3D recons clearly depicts the correct position of the interspinous spacer ( e ,  f )         
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c
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a b

  Fig. 2.10    Right L5/S1 foraminal stenosis in a patient with right L5 sciatalgia and L5/S1 stenosis. 
On preop 2D sagittal CT recon at the level of L5/S1 right foramina, evident stenosis of the foramen 
is detected ( a ). To reach the interspinous L5/S1 space, a guidewire is introduced in the patient 
pushing down the right hipbone; by doing so, the iliac crest is pushed down and there is enough 
space to introduce the straight guidewire directly into the L5/S1 space ( b ). A 10 mm spacer is 
introduced at L5/S1 interspinous space thanks to the suffi cient length of S1 spinous process ( c ) and 
consequent widening of the radicular foramina is gained ( d )         

e f

Fig. 2.9 (continued)
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  Fig. 2.11    L5/S1 lumbar canal stenosis and bilateral foramina stenosis. On axial ( a ) and sagittal 
( b ) T1-weighted spin-echo scans, L5/S1 spinal canal as well as bilateral foramina stenosis is 
appreciated (more severe on the right side). Foramina stenosis is clearly demonstrated even on 2D 
sagittal and bilateral parasagittal CT scan recons ( c ). After L5/S1 10 mm spacer introduction and 
L5 and S1 spinoplasty, widening on the spinal canal as well as bilateral local neural foramina is 
clearly depicted ( d ), even on 3D image reconstruction ( e )         

a
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Fig. 2.10 (continued)
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Fig. 2.11 (continued)
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related to focal bone tenderness (i.e., osteoporotic disease and/or overload), reduc-
ing the distraction formerly obtained, even in patients treated with nonmetallic 
polyetheretherketone (PEEK) devices [ 68 ,  69 ], although most of the studies included 
less than 50 patients [ 62 ]. 

 Barbagallo et al. [ 70 ] analyzed complications in a series of 69 patients. At a 
mean follow-up of 23 months, eight complications (11.5 %) were recorded: four 
device dislocations and four fractures of spinous processes. A prospective obser-
vational study found a high prevalence of fractures of spinous processes in 38 
patients (50 implants) after implantation of interspinous stand-alone devices [ 71 ]. 
A fracture was not identifi able on plain radiographs, but postoperative computed 
tomography identifi ed non-displaced spinous process factures in 11 patients 
(28.9 % of patients, 22 % of levels). Direct interview of patients as well as review 
of medical records indicated that fi ve fractures were associated with mild-to- 
moderate lumbar back pain, and six fractures were asymptomatic. Three of the 11 
patients underwent device removal and laminectomy for persistent pain. Fractures 

a

b

  Fig. 2.12    Grade I anterolisthesis of L4 in a patient with recurrent spinal canal syndrome, L4/L5 
spinal canal stenosis, and previous surgical introduction of a spacer at L3/L4 level. Prep sagittal 2D 
recon scan shows a previously introduced surgically spacer at L3/L4 level and mild anterolisthesis 
of L4, responsible for local LSC stenosis ( a ). After new percutaneous 8 mm spacer introduction, 
realignment of L4 to L5 can be appreciated, as well as widening of the lumbar spinal canal and 
interspinous process ( b )       
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in the other three patients had healed by 1 year. A “sandwich phenomenon” frac-
ture related to double X-STOP surgery was described also [ 72 ]. In a recent study 
[ 73 ], feasibility and effi cacy of cement augmentation of the posterior vertebral 
arch (spinoplasty) before spacer implantation in preventing perioperative and 
post-implant fractures/remodeling of spinous processes was assessed. On a 
CT-guided technique, introducing a very small PMMA injection through a 13G 
Jamshidi needle introduced into the spine process along the median plane or 
adopting a parasagittal oblique route, reaching the crus of the laminae directly, 
can augment the posterior arch. By performing prophylactic posterior arch aug-
mentation, one can reduce the failure of the percutaneous IS treatment, particu-
larly in that patients. Spinoplasty seemed effective in preventing delayed fractures 
of the posterior arch after placement of interspinous spacers in patients at risk for 
fragility fractures. In some case, mild paraspinous leakage can be observed: as for 
conventional vertebroplasty, paravertebral leakage has not to be considered a real 
complication when asymptomatic [ 68 ,  74 ]. This is particularly true for the para-
spinal area, were no main neural/vascular structures exist. Moreover, even in the 
case of patients who previously underwent spacer treatment with recurrent spinal 

a

b

  Fig. 2.13    Grade I anterolisthesis of L3 to L4 in a patient with L3/L4 spinal canal degenera-
tive stenosis. On preop 2D CT sagittal recon scan, anterolisthesis grade I of L3 can be appreci-
ated, with minimal intradiscal degenerative vacuum and bone sclerosis of the subchondral 
vertebral bone ( a ). After 12 mm spacer introduction, evident widening of the local lumbar 
spinal canal, as well as intervertebral disk space and realignment of L3 to L4 vertebra can be 
appreciated ( b )       
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canal stenosis related to bone remodeling of the laminae, as well as patients with 
laminae fracture related to spacer apposition (Fig.  2.14a–e ), a further treatment 
using spinoplasty and eventual new introduction of a second spacer at the same 
level can be performed, allowing resolution of spinal canal stenosis syndrome 
again (Figs.  2.15a–d  and  2.16a–h ) [ 75 ].

a

d

e

c

b

  Fig. 2.14    Spinoplasty in spacer stress fracture of the L5 lamina. On preop 2D sagittal CT recon 
scan, severe L4/L5 spinal canal stenosis was detected ( a ) as well as on MR scans (not showed). 
Immediately after 10 mm interspinous spacer introduction at the level of L4/L5, a small fracture 
of the L5 spinous process was detected ( b ), the two parts of the spinous process lying on the 
sagittal plane ( c ). For this reason, a straight 13G Jamshidi needle was introduced through the 
fractured lamina ( d ) and fracture was instantaneously repaired by introducing intraspinous 
PMMA (spinoplasty) ( e )       

 

2 CT/X-Ray-Guided Technique in Lumbar Spinal Canal and Foramina Stenosis: Spacers



40

2.8          Spacers: CT-Guided Technique Description 

2.8.1     CT-Guided Spacer Introduction 

 The treatment was performed in local anesthesia in a CT-room suite, using CT scan 
for introduction of K-wire in the selected interspinous space on a posterolateral 
approach, with a small 10–15 mm skin incision. C-arm was used for the introduc-
tion of progressive dilatators (from 8 to 14 mm according to the case), and fi nal 
insertion of the maximal size of IS device was performed under fl uoroscopic guid-
ance. Total working time was 30 min approximately.   

a

c

b

  Fig. 2.15    Spinoplasty and double introduction of a second spacer posteriorly to the former at 
the same L4/L5 level, in a case of previous spacer failure related to bone remodeling. First, L4 
and L5 spinoplasty was performed into the laminae, remodeled around the fi rst original spacer 
( a ). Then, a second straight K-wire was introduced percutaneously thanks to a CT guide, 
immediately posteriorly to the fi rst spacer ( b ) and a second new spacer, posteriorly to the 
former is introduced ( c ), reopening the interspinous space: note the air bubble appearance 
above the former spacer after the introduction of the new one, related to the reopening. On a 
post-op 3D recon of the lumbar spine, the two spacers at the same L4/L5 level can be easily 
appreciated ( d )       
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  Fig. 2.16    Spinoplasty and new spacer introduction anteriorly to the former one, in a patient with 
L4/L5 degenerative spinal canal stenosis, and fracture + bone remodeling around the fi rst spacer. 
On sagittal T1-weighted MR scan, severe L4/L5 spinal canal stenosis with bulging of interspinous 
ligaments was detected ( a ). 2D sagittal CT recon image shows extremely severe reduction of L4/
L5 interspinous space ( b ), with apparent strong sclerosis of the laminae. Because of apparent spi-
nous processes sclerosis, initial introduction of a 12 mm L4/L5 spacer was performed, temporally 
resolving the clinical signs of LSC stenosis syndrome ( c ). Nevertheless, after 8 months, the patient 
comes back complaining of new onset of similar clinical manifestation. On 2D sagittal recon fol-
low- up CT scans, there is a large fracture of the L4 spinous process (black arrows in d) as well as 
complete remodeling around the fi rst spacer ( white arrow  in  d ). The fracture fragments were none 
on the same plane ( e ): for this reason, a selective anterior fragment spinoplasty was performed, 
directly introducing a 12G Jamshidi spinal needle into the anterior part of the laminae ( f ), and 
complete spinoplasty of the area of the crus of laminae was obtained ( g ). Finally, reopening of the 
L4/L5 space was quickly obtained by introducing a second 8 mm spacer just anteriorly to the old 
fi rst one, resolving the LSC stenosis syndrome pain related of the patient ( h )         
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2.9     Spacer + Fusion 

 Spinal canal stenosis can be part of a more complex spine impairment including 
sagittalization of facets and spine instability, often creating the basis for ligament 
bulging and spinal canal stenosis. One of the drawbacks recently pointed out about 
spacers, is the fact that , although they are generally useful in widening the spinal 
canal as well as spinal foramina, they do not obtain fi xation/fusion. Recently, new 
device have been created, with the double goal of obtaining widening of the spinal 
canal and fi xation of the spinous processes. These devices include distal metallic 
wings, to be opened by the operator after being placed into interspinous space, 
engaging the distal lateral surface of the spinous processes, while proximal spiked 
end cap engages proximal lateral surface of the spinous processes. The system 
include the possibility to introduce inside bone fi ller, to accelerate fusion. By doing 
this, both spacing plus fusion can be obtained (Fig.  2.17 ).      

h

gf

Fig. 2.16 (continued)
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  Fig. 2.17    Spacer & Fixation. The system consist of a spacer with distal opening wings and 
proximal spiked end cap, including holes to be fi lled with bone fi ller ( a ). After reinforcing the 
spinous process introducing PMMA, a technique called “spinoplasty” ( b ) the spacer is intro-
duced through dedicated dilators ( c ) and when the fi nal position is reached, fi xation is obtained 
by spiked end  round cap ( d ) and distal opening of two metallic wings ( e )         

a

b
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Fig. 2.17 (continued)
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  3      X-Ray Guided Technique in Lumbar 
Spinal Canal Stenosis: MILD                     

       John     D.     Barr     ,     Bohdan     W.     Chopko     , and     Wade     Wong     

3.1            Lumbar Spinal Stenosis and Neurogenic Claudication: 
Incidence and Pathophysiology 

 Lumbar spinal stenosis (LSS) is a common degenerative disease of the lumbar spine 
that affects up to 8 % of the US population, particularly those over the age of 60 
years [ 1 – 3 ]. If the stenosis is critically signifi cant, neurogenic claudication can 
result from nerve root ischemia with the underlying causative theory being venous 
insuffi ciency as a result of venous constriction that becomes critically aggravated by 
exertion typically by standing a short time or walking a short distance. 

 The resulting symptoms typically manifest as painful aching particularly in the 
buttocks and thighs, but may extend distally down the lower extremities, and may 
be either unilaterally or bilaterally. The discomfort can be resolved by sitting down. 
The relief tends to occur more rapidly if the patient forward bends at the waist, and 
this is thought to be due to the stretching of the ligamentum fl avum, thereby thin-
ning the ligamentum fl avum and resulting in decreased venous constriction. Patients 
frequently complain of balance problems, which are, in fact, problems of impaired 
proprioception due to sensory loss. Many patients with symptomatic LSS and neu-
rogenic claudication may be recognized by their tendency to ambulate with their 
upper body forward bent over a walker or shopping cart (shopping cart sign). 
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 The most common etiology is age-related degenerative hypertrophy of the 
ligamentum fl avum (46 %), spondylolisthesis with or without ligamentum fl a-
vum hypertrophy (24 %), disc protrusion or bulge with or without ligamentum 
fl avum hypertrophy (22 %), and hyperostotic changes (11 %) [ 4 ]. 

 Conventional defi nitive therapy for symptomatic LSS has been lumbar laminec-
tomy, a procedure that may have negative consequences. Benz reported a complica-
tion rate of 40 % in patients over the age of 70 years who underwent decompressive 
laminectomy for LSS [ 5 ]. Katz reported the need to reoperate in 23 % of laminec-
tomy patients with LSS and still found that 33 % still had residual symptoms [ 6 ]. 
Extensive bone resection may lead to spinal destabilization, and extensive muscle 
dissection may lead to denervation of paraspinal muscles, lack of muscular support, 
increased biomechanical instability, and ultimately failed back syndrome [ 7 ,  8 ].  

3.2     The MILD Procedure: Overview 

 MILD can be used to treat symptomatic LSS when ligamentum fl avum hypertrophy 
is the dominant, or at least signifi cant, underlying cause. Patients with LSS caused 
primarily by severe listhesis or facet hypertrophy are generally not amenable to 
treatment with MILD. The objective of MILD is to debulk the ligamentum fl avum 
with minimal soft tissue dissection and bone resection through the use of microin-
struments, fl uoroscopic guidance, and identifi cation of the anterior safe boundary of 
ligamentum fl avum dissection by establishment of an epidurogram. Bone and liga-
ment sculpting tools are passed through a 5 mm diameter working cannula under 
fl uoroscopic visualization. The instruments are designed with blunt surfaces facing 
to the dura to accentuate safety and make dural penetration diffi cult and unlikely 
(Fig.  3.1 ).

3.3        The MILD: Patient Selection 

 The MILD procedure is indicated for patients with symptomatically activity- 
limiting neurogenic claudication or radiculopathy from LSS signifi cantly attributed 
to ligamentum fl avum hypertrophy. The diagnosis of neurogenic claudication is 
made by history and physical exam. Patients with symptomatic neurogenic claudi-
cation will present with a history of increasing pain, cramping, burning, tingling, 
and/or fatigue in the lower back, the buttocks, thighs, and eventually lower legs 
upon standing for a short time (usually 10–15 min) or walking a short distance 
(often as short as 50–150 yards). Temporary relief of symptoms usually requires a 
rest period of sitting and bending forward at the waist or lying down. Many of these 
patients will report progressively worsening limitations with activities of daily liv-
ing such as standing in front of the sink to brush their teeth, standing in a shower 
long enough to complete bathing, or walking to the mailbox. Many who are candi-
dates for the MILD will also fi nd the need to lean forward over the shopping cart or 
walker when they visit the supermarket. 
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 The physical exam should include documentation as to standing tolerance. A 
good way to examine this is to have the patient stand while taking the physical and 
measure the time for symptoms of neurogenic claudication to develop. A walking 
test can also be performed as further documentation. 

 The differential diagnosis includes diabetic or other neuropathy and vascular 
claudication. A signifi cant fraction of patients, especially with an elderly popula-
tion, may have elements of multiple disease processes. Consultation with neurolo-
gists or vascular surgeons may be useful, as well as electromyography (EMG) and 
vascular studies. 

 As these patients will often also have other features that may overlap with the 
symptoms of neurogenic claudication (e.g., sacroiliac joint dysfunction, greater tro-
chanteric bursitis, lumbar radiculopathy), it is important to differentiate the various 
factors that may be contributing to the patient’s total pain pattern. It is important to 
realize that neurogenic claudication resolves with rest, while many other pain eti-
ologies remain persistent. 

 To confi rm the diagnosis of ligamentum fl avum hypertrophy as a cause of LSS, 
imaging preferably by MRI (alternatively by CT myelography) is used. Generally 
the fi nding of at least 4 mm of ligamentum fl avum hypertrophy leading to at least 
moderately severe central canal stenosis is found. However the diagnosis of neuro-
genic claudication is formed on a clinical basis. 

  Fig. 3.1    Instruments used for the MILD procedure. From  right  to  left  are the tissue sculpturer, 
bone sculpturer, trocar-portal, depth guide, base stabilizer, #11 blade, forceps, marking pen, nee-
dles, and syringes       
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 Candidates for the MILD procedure are those with symptomatic neurogenic 
claudication or, less frequently, radiculopathy from central canal stenosis caused by 
ligamentum fl avum hypertrophy and who do not wish to elect to have a more exten-
sive open surgical procedure or who are not considered to be good candidates for an 
open surgical procedure. 

 Poor surgical candidates would include patients with advanced age, comorbidi-
ties, and need for anticoagulation. Unlike some other open spinal surgeries such as 
discectomy, lumbar laminectomy with possible fusion is a highly invasive proce-
dure with a prolonged and diffi cult recovery period (Fig.  3.2 ).

   Contraindications to the MILD procedure include stenosis at a previous surgical 
site (due to postoperative scar or intervening bone fusion mass), stenosis at a highly 
unstable spinal segment, stenosis at a spinal segment not due to ligamentum fl avum 
hypertrophy, underlying infection, unconsentable or noncompliant patient, and 
uncorrectable coagulopathy. Recent placement of a coronary stent or other device 
requiring maintenance of antiplatelet or anticoagulant drugs without interruption 
would also be contraindications to MILD.  

3.4     The MILD Procedure: Preoperative Considerations 

 Once the patient is deemed a candidate for the MILD procedure, screening should 
be done to rule out underlying infection (e.g., elevated temperature, cellulitis) or any 
bleeding tendencies. If the patient is taking warfarin, that medication is typically 
discontinued 5 days prior to the procedure, and the patient may be transitioned in 
some cases to enoxaparin, which is then discontinued 12 h prior to procedure and an 
INR is obtained just prior to procedure. Patients on clopidogrel or any other anti-
platelet medication are typically instructed to stop that medication 1 week prior to 

  Fig. 3.2    A 87-year-old male complains of neurogenic claudication symptoms upon standing 
<8 min or walking < 40 yds, requiring 15 min sitting for symptoms to resolve. MRI at L4–5 reveals 
right ligamentum fl avum thickening of 7 mm and severe central canal stenosis       
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procedure. Even low-dose aspirin should be discontinued to reduce the probability 
of developing an epidural or other spinal column hematoma. 

 Informed consent should include a review of the indication for the procedure 
and a realistic discussion of expectations with the patient. The procedure and post-
operative recovery should be explained in an understandable manner. Alternatives 
to the MILD procedure should be mentioned. While the serious complication rate 
for the MILD procedure is extremely low, potential risks (including bleeding, 
infection, allergic reaction, dural injury with CSF leak, spinal cord or nerve injury, 
paralysis, loss of bowel, bladder, and/or sexual function, and death) should be 
discussed. 

 Most MILD procedures are performed with local anesthetic and moderate con-
scious sedation (i.e., intravenous fentanyl and midazolam), so patients should be 
informed to arrive NPO 6 h prior to the procedure. As with most invasive proce-
dures, most operators elect to administer a prophylactic antibiotic, such as two 
grams of intravenous cefazolin, immediately prior to the start of the procedure, so a 
review of patient allergies and adverse reactions is indicated.  

3.5     The MILD Procedure: How Is It Performed in Detail? 

 First, any practitioner wishing to perform the MILD should undergo formal training 
and proctoring by the vendor (Vertos Medical, Aliso Viejo, CA). Prerequisite skills 
for the performance of MILD include proven experience and facility with fl uoro-
scopically guided injection, biopsy, and/or interventional spinal procedures. 

 In starting the MILD procedure, it is important to properly position the patient in 
such a way as to best expose the interlaminar space(s) that will be accessed. As the 
procedure is performed with the patient in the prone position, the addition of a mod-
erate bolster under the pelvis will help to introduce a degree of fl exion of the lumbar 
spine. Also positioning the patient’s arms along his/her sides will further help to 
accentuate fl exion and widening of the lumbar interlaminar spaces (Fig.  3.3 ). 
However, avoid excessively severe accentuation of fl exion as this can overstretch 
and cause thinning of the ligamentum fl avum resulting in making removal more 
diffi cult.

   Next establish surface paramedian guidelines between the spinous processes and 
medial borders of the pedicles as interlaminar decompression will occur along para-
median pathways over the lamina. Surface landmarks will help to avoid inadvertent 
excessive medial or lateral angulation of the instruments (Fig.  3.4 ).

   The epidurogram is best performed at the operative level of the procedure. To 
keep the epidural needle out of the dissecting instrument’s path, it is best to place 
the epidural needle in the midline at the superior aspect of the interlaminar space 
(Fig.  3.5a, b ). The epidural space in MILD appropriate patients is frequently nar-
rowed; the midline posterior-most aspect of the epidural space is often better pre-
served than the more lateral aspects. Alternatively, epidurograms can be obtained 
from points above or below the surgical site, but this usually necessitates using more 
contrast and potentially requires multiple injection sites.
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Open interlaminar space
flex patient with pelvic bolster
and bring arms down along sides 

  Fig. 3.3    Patients are positioned for the MILD procedure in a slightly fl exed position using a pel-
vic bolster to increase the interlaminar distances       

  Fig. 3.4    Surface landmarks are drawn upon the patient’s skin to delineate the midline and medial 
aspects of the pedicles       
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  Fig. 3.5    ( a ,  b ) The epidural injection needle is inserted in the midline at the planned operative 
level ( a ). The fl uoroscopic view shows the needle entering the superior aspect of the interlaminar 
space in the midline         

Stay down the
RR tracks 

Draw lines connecting
The tips of the spinous Proc
and lines along the medial
borders of the pedicles

a

Consider same level 

straight down at the
medial superior interlaminar space 
(apex) 

Epidural needle placement 
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   Angulate the fl uoroscope to the contralateral oblique approximately 45° to 
accentuate layering of the lamina. Pearl: align the adjacent superior articular pro-
cess to bisect the posterior third of the respective disc. Place a forceps on the 
patient’s skin along the ipsilateral drawn working parallel line to project its point in 
the direction of the roof of the lower lamina of the interlaminar space to be accessed 
(Fig.  3.6 ).

   Confi rm the trajectory by directing a long anesthetic needle along that intended 
course to the roof of the lower lamina (Fig.  3.7 ). Infuse the local anesthetic of choice 
to anesthetize the needle track from the skin down to the periosteum. Keep the 
needle in place as a guide for parallel placement of the access cannula system. The 
position of the long anesthetic needle should be critically assessed for the approach 
angle being neither too steep nor too shallow and for appropriate parallel and para-
median positioning. If the needle position is not precisely as desired, this should be 
repositioned and appropriate anesthetic injected before placement of the larger 
access system.

  Fig. 3.6    The reverse oblique view shows the epidural needle in place with an epidurogram. The 
projected pathway of the planned entry delineated by the forceps on the patient’s skin ( arrow ) 
shows appropriate entry position and angulation to reach the interlaminar space       
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   If the anesthetic needle trajectory is satisfactory, this trajectory will then act as a 
guide for the trocar-portal. Make an incision with a #11 blade at the needle entry site 
and direct the trocar-portal in the same trajectory as the needle towards the posterior 
roof of the lower lamina (Fig.  3.8 ).

   Attach the base stabilizer to the trocar-access portal and remove the trocar. Place 
the depth guide over the external end of the portal. It should be set at zero (Fig.  3.9 ).

   Insert the bone sculpturer (Fig.  3.10a ). Note that the bone sculpturer must be 
inverted in order to direct the cutting surface toward the superior margin of the inferior 
lamina. Most patients with symptomatic LSS have relatively narrow interlaminar 
spaces that prevent resection of the inferior margin of the superior lamina without fi rst 
resecting part of the inferior lamina. Lay the sculpturer fl at against the roof of the 
lower lamina (Fig.  3.10b ), exert moderate positive pressure against the bone, and take 
a single bite using care not to release the laminotomy specimen until completely out 
of the body. Remove the extracted fragment, reinsert the bone sculpturer, and take 
another bite. The initial bites may feel softer because they consist of connective tissue 
on the surface of the lamina. The subsequent bites will feel harder and represent actual 
bone fragments. The extracted fragments should be retained for pathological analysis, 
as is typically performed upon tissue extracted during open surgical procedures.

   Suffi cient bone should be resected so that the bone sculpturer tool may be reposi-
tioned to allow resection of a portion of the inferior aspect of the superior lamina. The 

Anesthetic needle:

trajectory determiner

  Fig. 3.7    The long anesthetic needle has been advanced to allow anesthetic infi ltration along the 
pathway to the interlaminar space       
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bone sculpturer should be angled slightly in both the medial and lateral directions to 
facilitate resection of a wider portion of the lamina to maximize resection of the 
underlying ligamentum fl avum. The medial and lateral extension of the initial access 
should extend only slightly such that the width of the lamina partially resected is 
approximately twice the diameter of the access portal. Referencing the parallel skin 
surface lines marked will help to prevent excessive angulation. 

 Pearl: It may also be useful to have a cadaveric or model lumbar spine available 
in the operating suite for comparison with the reverse oblique view, as this is not a 
typical radiographic projection with which the physician will have prior experience. 

 Rotate the bone sculpturer to access the inferior margin of the superior lamina 
(Fig.  3.10c ). Apply moderate pressure against the bone and take a series of three to 
four single bites removing bone and ligamentum fl avum through the portal after 
each bite. Slight lateral and medial angulation to extend the width of the resection 
should be performed, as with the superior surface of the inferior lamina. 

 Insert the tissue sculpturer (Fig.  3.11 ) after a suffi cient laminotomy has been 
achieved to easily pass the tissue sculpturer past the laminae and into the ligamen-
tum fl avum. If there is diffi culty passing the tissue sculpturer, return to work with 

  Fig. 3.8    The trocar-access portal has been advanced to the posterior/inferior margin of the inter-
laminar space       
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the bone sculpturer and perform a further laminotomy to widen the access. The 
tissue sculpturer should be passed initially at steep angle and then fl attened to a 
more shallow angle as it is pushed forward in order to cause the jaws to open.

   Unlike the bone sculpturer, the tissue sculpturer is not designed to be used in an 
inverted manner. The tissue sculpturer should not be tilted more than 30° off the 
vertical axis; otherwise it may project a sharp point toward the dura. The tissue 
sculpture has the capacity to gather three bites of ligamentum fl avum tissue before 
it has to be removed from the portal and its specimen ejected. 

 Caution: Ongoing (live, continuous) fl uoroscopic visualization of the interlami-
nar working space and epidurogram are vital to safe performance of the MILD 
procedure. The fl uoroscopy mode may be changed to a low-dose, low-frame rate 
technique to help minimize radiation exposure to the physician and patient. The 
epidurogram should be refreshed with additional intrathecally approved contrast as 
needed. At no time should any of the instruments be allowed to cross deep to the 
epidurogram. 

 Caution: The safety of the MILD procedure relies upon proper visualization of 
the epidurogram, bony landmarks, and instruments. The procedure should be halted 
if adequate visualization cannot be obtained or maintained throughout the 
procedure. 

  Fig. 3.9    The base stabilizer has been placed around the access portal to prevent inadvertent 
motion. The depth guide has been placed on the proximal end of the access portal; the depth guide 
should initially be set to zero       
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a

b c

  Fig. 3.10    ( a – c ) The bone sculpturer is inserted through the trocar in an inverted manner in order 
to resect a portion of the superior margin of the inferior lamina ( a ). The radiographic image shows 
the bone sculpturer on the surface of the inferior lamina; this will be advanced and then rotated in 
a caudal direction in order to resect the superior margin of the lamina ( b ). After the inferior lamina 
has been partially resected, the bone sculpturer is rotated into an upright orientation to engage the 
inferior margin of the superior lamina ( c )       
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 Pearl: While viewing the fl uoroscopic image in the contralateral oblique, fre-
quently pay attention to the direction of the instruments along the drawn parame-
dian working lines on the skin surface. Often if there is diffi culty in passing 
instruments to the correct depth, this is due to directing either too laterally (i.e., 
contacting the facet) or medially (i.e., contacting the spinous process) off the para-
median course. 

 Procedure endpoint: The goal of the procedure is to resect as much of the hyper-
trophic ligamentum fl avum as is safely possible. When retrieval of ligamentum fl a-
vum fragments begins to yield only very small specimens with each bite, refresh the 
epidurogram. Upon visualizing an expansion of the epidurogram as in Fig.  3.12  
(relaxation of the amount of thickening of the ligament), it is time to consider the 
procedure completed on that side. At times, the epidurogram may become less dis-
tinct with contrast leaking into the surgical bed so that defi nite expansion of the 
epidural space is not clearly demonstrated. This appearance, in conjunction with a 
paucity of ligament fragments being resected with each bite of the tissue sculptor, 
also represents a procedural end point.

   At termination of the MILD procedure, the instruments should be withdrawn as 
a unit. They can be used for the contralateral side if a bilateral procedure is planned. 
Upon removal of the instruments, apply a few minutes of direct pressure over the 

  Fig. 3.11    After an adequate portion of the laminae has been removed, the tissue sculpturer is 
inserted to resect the underlying ligamentum fl avum. Note that the tissue sculpturer is safely posi-
tioned posteriorly to the margin of the epidural space delineated by the epidurogram       
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surgical site for hemostasis. At fi nal termination of the procedure, Steri-Strips are 
used to close the small incisions and appropriate covering sterile dressings are 
applied. Suture closure of the small access incision is unnecessary. 

 Most commonly, patients present with bilateral symptoms and relatively bilater-
ally symmetrical LSS, such that bilateral MILD procedures are performed at a sin-
gle level. Some patients may, however, have LSS at multiple levels amenable to 
treatment with the MILD technique. Other patients may have predominantly unilat-
eral symptoms and asymmetrical LSS, typically those patients presenting with a 
signifi cant radiculopathy. 

 The performance of multiple level MILD procedures presents some unique chal-
lenges. Until the physician has gained experience with the MILD technique, multiple 
level, bilateral procedures should be avoided. The reasons for the recommendation 
follow: even when refreshed with additional contrast, the epidurogram tends to degrade 
with increasing time, yielding a progressively more poorly defi ned demarcation of the 
safe zone for ligament resection. Patient discomfort and motion become more prob-
lematic with extended procedures. The cumulative dose of local anesthetic agents can-
not be increased without limit. The use of general anesthesia to circumvent these issues 
is not recommended, as the safety afforded by the patient’s intact sensation would be 
lost. Multiple level and bilateral procedures should only be attempted after the physi-
cian has gained the expertise required to perform MILD quickly and effi ciently. 

Pre

a b

Post 

  Fig. 3.12    ( a ,  b ) Note marked change in the epidurogram pre- ( a ) and post- ( b ) MILD procedure. 
The expansion of the epidurogram correlates with debulking of the ligamentum fl avum. Clinically 
this 87-year-old male progressed from standing tolerance of less than 5 min to unlimited standing 
and from being homebound to being able to walk at the shopping mall and resume active social 
activities after the MILD procedure       
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 Tip: Although it may appear to be expedient to perform a two level MILD proce-
dure through a single skin incision, the angle of approach to the second level treated 
will be suboptimal. Making a separate incision in the correct location will, in fact, 
result in a more effi cient procedure. 

 Tip: Calculate and do not exceed the maximum recommended doses of local 
anesthetic agents. Be aware that any drugs injected may enter either or both the 
epidural and subarachnoid spaces. 

 The patient is sent to the recovery area and monitored postoperatively until 
returning to baseline mental and physical status. Expect to discharge typically in 
about 2 h post procedure. Instructions for follow-up and postoperative wound care 
are given to the patient. Postoperative medications should include an oral opiate for 
severe pain and acetaminophen or a nonsteroidal anti-infl ammatory drug for mild or 
moderate pain. An antinausea medication such as ondansetron may be appropriate 
as well. Postoperative antibiotics are not necessary. Patients should not be dis-
charged without supportive assistance continuously available for the next 12–24 h. 
Patients should be advised that they will probably experience moderate pain at the 
operative site for the next 2–3 days and that severe pain, fever, chills, or new neuro-
logical defi cit should be reported to their physician immediately.  

3.6     Postoperative Follow-Up 

 Generally a phone call in 24 h post procedure and an offi ce visit at 1 week will be 
appropriate. At the 1-week post procedure visit, assessment can be made to assess 
improvements in standing tolerance and walking distance as well as Oswestry 
Disability Index. Wound healing can also be assessed at that time. In addition this is 
a good opportunity to assess for any other coexisting problems that the patient may 
have that may be contributing to the total pain profi le, such as underlying greater 
trochanteric bursitis, lumbar facet disease, or sacroiliac joint dysfunction. As MILD 
patients tend to continue to improve as they regain strength and coordination after 
the procedure, a delayed follow-up perhaps at 6 months or a year may be elected.  

3.7     Pitfalls and Pearls 

3.7.1     Pitfall 1 

 An 80-year-old male complains of severe bilateral buttock and thigh pain upon 
standing for less than 12 min or walking less than 40 yards. His symptoms resolve 
after resting in the sitting position for about 20 min. You would like to obtain an 
MRI, but he has a cardiac pacemaker (pitfall). So you instead order a CT myelo-
gram (pearl). The myelogram reveals severe stenosis at L3–4 and L4–5 and grade 2 
spondylolisthesis at L4–5 (Fig.  3.13a ). The neuroradiologist performing the myelo-
gram then performs fl exion-extension lateral views (pearl) to assess stability 
(Fig.  3.13b, c ). The fl exion-extension views demonstrate signifi cant abnormal 
movement of L4 relative to L5, confi rming an unstable situation. If unstable, a 
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  Fig. 3.13    ( a – c ). The initial lateral myelogram image shows severe concentric spinal stenosis at 
L3–4 and L4–5 as well as grade 2 spondylolisthesis at L4–5 ( a ). Sagittal T2-weighted lumbar spine 
MRI shows grade 2 spondylolisthesis at L4–5 ( a ). Extension ( b ) and fl exion ( c ) images confi rm 
signifi cant instability at the L4–5 level         

Stenosis & anterolesthethesis

Extension Flexion
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MILD procedure may fail to appropriately decompress the stenosis. Therefore, a 
surgical consult should be considered prior to offering a MILD procedure (pearl).

3.7.2        Pitfall 2 

 When setting up the bone sculpturer, a common mistake that beginning operators 
make is failing to protrude the bone sculpture beyond the portal. If the sculpturer is 
not exposed beyond the portal, a specimen will be prevented from being obtained. 
To obtain an effi cient, substantial specimen, make sure that the bone sculpturer is 
well extended and fi rm contact is made against the bone surface (Fig.  3.14 ). Take 
your time when setting this up. Take a deliberate single bite, and remove the speci-
men by withdrawing the sculpturer completely out of the portal being careful to 
avoid losing the specimen in the patient or in the portal.

   To collect a substantial specimen of ligamentum fl avum, insert the tissue sculp-
turer like an ice cream scooper: fi rst steeply downward then fl attening out at a shal-
low scooping angle. This will help to accentuate jaw opening (Fig.  3.15 ).

   Also remember that the tissue sculpturer is designed to be used in an upright (no 
more than 30° to either side of vertical) position. Otherwise the sharp upper shaft of 
the tissue sculpturer could be exposed to the dura as a sharp point.  

Pearl1

To take a substantial bite
make sure that bone scuplturer is extended beyond the portal
& make sure that there is firm contact against the lamina

  Fig. 3.14    The bone sculpturer is shown extending beyond the access portal so that the jaws may 
engage the lamina       
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3.7.3     Pitfall 3 

 If the tissue sculpture is not fl attened out, the upper jaw may be forced to close by 
tissue pressure and a substantial bite may be prevented (Fig.  3.16 ).

3.7.4        Pearl 3 

 To correct this restart with a series of shallower bites rather than trying to dive 
deeply too soon. 

 With your nondominant hand, grasp the shaft of the portal (Fig.  3.17 ). This will 
help to deliver pressure to the bone when performing the laminotomy and will help 
to control and coordinate fi ne movements of the tissue sculpture when decompress-
ing the ligamentum fl avum. It can also serve as a safety détente.

   To be successful with the MILD procedure, it is essential to establish the correct 
diagnosis. It is possible for a patient to carry more than one diagnosis as exemplifi ed 
by this 81-year-old male who presented with a history and physical fi ndings consis-
tent with neurogenic claudication and a right L5 radiculopathy from a combination 
of a right L4–5 synovial cyst and bilateral (left > right) ligamentum fl avum hypertro-
phy (Fig.  3.18 ). This patient benefi ted temporarily from a right L4–5 transforaminal 

Pearl 2

Use the tissue sculpturer
like an ice cream scooper

  Fig. 3.15    The tissue sculpturer is shown entering the posterior aspect of the ligamentum fl avum 
at a slightly steeper angle that will be lessened as it is inserted more deeply       

 

J.D. Barr et al.



67

epidural steroid injection and ultimately from a CT-guided decompression of the 
synovial cyst. However, the neurogenic claudication persisted until a MILD proce-
dure was performed at L4–5. The sometimes confusing and similar clinical features 
of neurogenic claudication, radiculopathy, vascular claudication and peripheral neu-
ropathy are summarized in Figs.  3.19 ,  3.20  and  3.21 .

3.8            Treatment Options for Lumbar Spinal Stenosis 

 Treatment options for symptomatic lumbar spinal stenosis are relatively few. 
Decompressive laminectomy either with or without posterior spinal fusion has been 
the traditional defi nitive therapy offered. Whether or not this was superior to non-
operative therapies was evaluated in the Spine Patients Outcomes Research Trial 
(SPORT) [ 9 ]. Although a detailed analysis of the results of this trial is beyond the 
scope of this chapter, the results of the “as treated” group support a modest benefi t 
for surgery vs. non-operative therapy. In addition, the relatively high crossover rate 
from non-operative therapy to surgery suggests signifi cant patient dissatisfaction 
with traditional non-operative therapies. The disadvantages of lumbar laminectomy 
and possible fusion include the cost of the procedure as well as the prolonged and 
painful recovery period. Many elderly patients with LSS are simply too frail to 

Pitfall 3

If you see the blades of the
tissue sculpturer fail to open

you are probably digging too deeply too soon
take a more a more shallow wide cut first 
don’’t forget to turn in profile

  Fig. 3.16    The tissue sculpturer has been inserted at an excessively steep angle that prevented full 
opening of the jaws       
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undergo such a procedure, which has generated signifi cant interest in less invasive 
alternatives. A variety of minimally invasive intervertebral implantable devices 
designed to increase the disc space height and/or induce mild forward fl exion to 
increase the spinal canal cross sectional area have been developed. The only such 
device approved for sale in the United States, the X-Stop® Spacer (Medtronic, 
Minneapolis MN), has not proven to be a highly successful in clinical use. Burnett 
et al. performed a literature review and cost analysis of patients treated with non- 
operative care, laminectomy and X-stop [ 10 ]. They concluded that laminectomy 
was the most cost-effective choice. Patil et al. compared treatment with laminec-
tomy to X-stop in a data base analysis and also concluded that laminectomy was the 
most cost-effective treatment [ 11 ]. Other interspinous devices available elsewhere 
may, however, eventually prove to be effective. 

 Although spinal cord stimulators have proved effective for a variety of pain syn-
dromes, they do not usually benefi t the symptoms of neurogenic claudication. They 
may be useful in the small subset of patients with LSS and predominant complaints 
of radiculopathy. Epidural steroid/analgesic injections may provide some temporary 
relief; as with spinal cord stimulators, relief is usually more signifi cant for patients 

Pearl 4
 

Use your non dominant hand as a  
Détente 

 
Provides extra safety stop 
Provides directional movement to the portal 

Pitfall 4 
 Keep your hand out of the fluoro beam 
 be sure to collimate 

  Fig. 3.17    The operator’s nondominant hand is used to stabilize the access portal and to prevent 
inadvertent excessively deep tool insertion. Care must be taken to prevent the operator’s hand from 
direct radiation exposure       
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L45

81 year old male
complains of

Pearl 5: DDX

Neurogenic caludication vs

radiculopathy

peripheral neuropathy

peripheral vascular claudiation

1. Standing telerance <10 min;
    and walking tolerance <40 yds
2. Radiating pain right posterior thigh
to posterior calf to top of foot to big
Tee; helped by epidural steroid injection

  Fig. 3.18    An axial T2-weighted MRI shows a prominent right L4–5 synovial cyst in addition to 
bilateral ligamentum fl avum hypertrophy. The patient had radiculopathy that improved after 
CT-guided decompression of the cyst and neurogenic claudication that improved after subsequent 
bilateral MILD procedure       

Neurogenic claud. vs radiculopathy

• Exertional • Continuous

• Dermatomal

• Not better w/ rest
  flextion 

• Better w/ Steroid inj• Short ?, if any
  benefit from steriod

• Usually buttock,
  posterior thighs

• Better w/ rest,
  forward flexion

(Inflammation of Nerve root)

  Fig. 3.19    The characteristics of neurogenic claudication vs. radiculopathy. Characteristics of 
neurogenic claudication vs. peripheral vascular claudication       
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complaining more of radiculopathy than neurogenic claudication. The high inci-
dence of LSS and the lack of an effective treatment without the disadvantages of a 
complex open spinal surgery has continued to generate interest in alternative thera-
pies such as MILD.  

3.9     MILD Literature Summary 

 In 2010, Chopko and Caraway reported the initial results of 78 patients treated for 
LSS with MILD as part of a non-randomized trial [ 12 ]. In 2013, Chopko reported 
the 2-year results from this trial [ 13 ]. At 6 weeks after treatment, the 75 patients 

Differentiating neurogenic and
vascular claudication

Note:  

         1. LSS patients compensate for symptoms by flexing forward,slowing their 
gait, leaning onto objects (e.g.,over a shopping cart) and limiting distance of
ambulation.
         2. Walking is worse in neurogenic claudication going downhill and worse in
vascular claudication going uphill.

Activity/finding
Neurogenic
claudication

– symptoms?

Vascular claudication
– symptoms?

Walking Yes – relieved by flexion Yes – relieved by
stopping

Yes – relieved by
stopping

Standing erect Yes – relieved by flexion No – activity driven

Bikingin flexed position No 

Peripheral pulse diminished No Yes 

  Fig. 3.20    The characteristics of neurogenic claudication vs. peripheral vascular claudication       

Neurogenic claud. vs peripheral neuropathy

Tingling burning stinging
neruopathic pain

Peripheral distribution:
feet, lower legs

Continuous
Possible temperature, color

changes 
Helped by anticonvulsants

and antidepressants

Pain upon exertion
of walking or standing

Relieved by flexion, sitting
Pain often buttocks posterior
thighs
Imaging: CC stenosis

Helped by MILD

  Fig. 3.21    The characteristics of neurogenic claudication vs. peripheral neuropathy       
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available for follow-up reported signifi cantly improvement in the mean visual ana-
log pain scale (VAS) from 7.3 to 3.7 and in the mean Oswestry Disability Index 
(ODI) from 47.4 to 29.5. Lesser, but still signifi cant, improvements were noted 
among the 45 patients available for 2-year follow-up, mean VAS 4.8 and mean ODI 
39.8. The clinical improvement achieved was comparable to that reported from 
results of laminectomy in the SPORT trial [ 9 ]. No signifi cant adverse events were 
reported. In contrast, the complications of laminectomy reported in the SPORT trial 
included a 9 % incidence of dural tear or spinal fl uid leak and 2 % incidence of 
wound infection. The average length of stay for the laminectomy procedure was 
3.5 days vs. zero for the outpatient MILD procedures. 

 In 2010, Lingreen and Grider reported their retrospective experience with 42 
consecutive patients treated for LSS with the MILD technique [ 14 ]. Bilateral MILD 
procedures were performed at one (n = 14), two (n = 26), or three (n = 2) lumbar lev-
els. The preoperative mean VAS was 9.6, which decreased signifi cantly to 5.8 at 30 
days. Only one patient reported the ability to ambulate for > 15 min prior to the 
onset of neurogenic claudication prior to surgery, while 25 (60 %) of patients could 
do so 30 days after surgery. No signifi cant complications were reported. 

 In 2011 Schomer et al. reported a multicenter, retrospective review of acute 
safety and short-term effi cacy from patients treated with the MILD procedure at 
multiple institutions [ 15 ]. Acute safety data was available for 253 patients; no sig-
nifi cant complications were reported. Three month outcome data were available for 
107 patients. The mean baseline VAS was 7.4, which decreased signifi cantly to 3.9. 
The mean baseline ODI was 48.0, which decreased signifi cantly to 30.9. 

 In 2012, Basu reported the results of a prospective, non-randomized trial of 27 
patients treated for LSS with the MILD technique [ 16 ]. Mild procedures were per-
formed at one (n = 10) or two levels (n = 17); all except one procedure were bilateral. 
At 6-month follow-up, the mean baseline VAS of 9.1 had decreased signifi cantly to 
3.9. The mean baseline ODI was 55.1, which decreased signifi cantly to 31.1. No 
signifi cant complications were reported. 

 In 2012, Wong reported the results of a prospective, non-randomized seventeen 
patient MILD case series [ 17 ]. He reported signifi cant improvement in the mean 
VAS from 7.6 to 2.3 and in the mean ODI from 48.4 to 21.7 at 1 year. He reported 
no signifi cant complications. 

 Deer et al. reported the results of a single center prospective, non-randomized 
trial of 46 patients treated with MILD in 2012 [ 18 ]. MILD procedures were per-
formed at one (n = 24) or two levels (n = 22). Procedures were bilateral at 44 levels 
and unilateral at 24 levels. Patients were followed up to 1 year after treatment, with 
complete follow-up data available for 35 patients. For the 35 patients with complete 
follow-up, they reported signifi cant improvement in the mean VAS from 6.9 to 4.0 
and in the mean ODI from 49.4 to 32.0 at 1 year. No serious complications were 
reported. 

 In 2012, Brown reported the results of a double-blind, randomized trial of epi-
dural steroid injection vs. MILD for LSS in a group of 38 patients [ 19 ]. Twenty one 
patients were initially treated with MILD and 17 with epidural injections. At 6 
weeks post treatment, the mean VAS scores for the MILD group improved from 6.3 
to 3.8, with 16 (76 %) patients improving by more than two points. The mean ODI 
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improved from 38.8 to 27.4. At the same time point, the mean VAS scores for the 
epidural injection group remained essentially unchanged, with only 6 (35 %) 
improving by more than two points. The mean ODI improved slightly from 40.5 to 
34.8. All of the epidural patients eventually crossed to the MILD group, many doing 
so before 12 weeks. The mean VAS in the crossover group improved from 7.4 to 
4.5. No signifi cant complications were reported. 

 Mekhail et al. reported the results of a single center prospective, non-randomized 
trial of 40 patients treated with MILD in 2012 [ 20 ]. Fifty-three MILD procedures 
were performed at one (n = 27) or two levels (n = 13). The procedures were bilateral 
at 37 levels and unilateral at 16 levels. Thirty-four patients completed follow-up 
through 1 year. Two of the six patients without complete follow-up underwent sub-
sequent open surgical procedures. For the 34 patients with 1-year follow-up, the 
mean VAS improved signifi cantly from 7.1 to 3.6. The Pain Disability Index 
improved signifi cantly from 41.4 to 18.8. The Roland-Morris Disability Index also 
improved signifi cantly from 14.3 to 6.6. No serious complications were reported. 

 The MiDAS III trial recently enrolled 138 patients in a prospective, non- 
randomized trial for treatment of LSS with the MILD technique. Results of this trial 
have not been reported to date. To date, there has not been a randomized trial directly 
comparing MILD to open surgical laminectomy. 

 In summary, all published reports of treatment of LSS with the MILD technique 
support an excellent safety profi le. We found no published reports of dural tear, 
infection, death, or other serious complication associated with a MILD procedure, 
in contrast to the 9 % dural tear and 2 % infection rates reported from the SPORT 
trial [ 9 ]. The multiple published series also demonstrate short-term clinical out-
comes comparable to those achieved with open laminectomy. In the SPORT LSS 
surgical cohort of 394 patients, the mean ODI improved signifi cantly from 43.2 to 
21.8. In this same group, the Low Back Pain Bothersomeness Index (LBPBI) also 
improved signifi cantly from 4.1 to 2.1. The LBPBI is a six-point scale comparable 
to the VAS reported in most MILD series. Although some might consider laminec-
tomy to be a defi nitive and durable treatment for LSS, the SPORT trial also reported 
that 13 % of patients underwent additional spine surgery within a 4-year period.  

3.10     A Surgeon’s Perspective 

 The MILD procedure is a radical departure from the conventional wisdom sur-
rounding the surgical treatment of lumbar spinal stenosis. In essence, the MILD 
procedure is a remodeling, as well as a resection, of the hypertrophic ligamentum 
fl avum. This remodeling and partial resection leads to a thinned ligament, which is 
partially if not completely disinserted from its attachments to the laminar edges. As 
a result, the ligament is untethered, allowing relaxation of the ligament in the dorsal 
direction, which contributes to the anatomic relief of stenosis. 

 Classically, a decompressive laminectomy can be described as a clear-cutting or 
“scorched earth” procedure, whereby every element dorsal and dorsolateral to the 
dura is resected in its entirety. The end result is a spinal canal where the glistening 
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dorsal aspect of the theca is all that remains; lamina, spinous process, associated 
paraspinal muscles and ligaments, and even the medial component of the facet joints 
are all now absent. In a case of central spinal stenosis, the MILD procedure begs a 
different and tantalizing question, namely, what is the minimum amount of dorsal 
element tissue that needs to be resected in order to achieve a positive clinical result? 

 A percutaneous, minimally disruptive procedure such as MILD has myriad 
potential benefi ts:

    1.    High patient acceptance   
   2.    Lack of paraspinal muscular disruption   
   3.    Complete preservation of the facet joints   
   4.    The option to perform the procedure under local anesthesia and minimal 

sedation   
   5.    The lack of a need for thermal cautery, which diminishes wound healing compli-

cations such as seroma formation   
   6.    Avoidance of blood transfusion   
   7.    Minimal wound healing issues, as the working tract behaves exactly as a needle 

tract and tends to self-seal upon removal of the cannula   
   8.    Avoidance of need for inpatient hospitalization     

 Due to the intrinsic minimally invasive nature of the procedure, MILD is well 
suited for treatment of patients who are otherwise deemed to be poor candidates for 
conventional open spinal surgery on account of medical comorbidities. Multiple 
MILD trials have demonstrated the safety of the procedure, a fi nding which has 
been replicated in a high-risk patient population [ 21 ,  22 ]. 

 As with all surgical procedures, outcome success is dependent on appropriate 
patient selection. The MILD procedure has no role in the treatment of lateral recess or 
foraminal stenosis, discogenic compression, or patients in whom instrumentation, sta-
bilization, and fusion is indicated. That said, the MILD procedure does indeed con-
tribute a valid, alternative approach to the treatment of neurogenic claudication 
secondary to central canal stenosis due primarily to ligamentum fl avum hypertrophy.     
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  4      Pedicle-Lengthening Osteotomy 
for the Treatment of Lumbar Spinal 
Stenosis                     

       D.     Greg     Anderson     

4.1            Introduction 

 Lumbar spinal stenosis (LSS) remains the most common indication for spinal sur-
gery in the older adult population [ 1 ]. Degenerative changes in the vertebral column 
including the intervertebral disc, facet joints, and ligamentum fl avum can lead to a 
reduction in the diameter of the spinal canal, causing compression of the neural ele-
ments and producing symptoms of pain or neurologic dysfunction [ 2 ,  3 ]. Although 
nonsurgical treatments are generally attempted for this patient population, many 
patients with severe symptoms may not achieve suffi cient relief and therefore 
require surgical intervention [ 4 ]. The most common surgical approach for LSS has 
been the open lumbar laminectomy [ 5 ]. Patients with associated degenerative spon-
dylolisthesis are often treated with arthrodesis in addition to a laminectomy decom-
pression [ 6 ]. 

 Open lumbar laminectomy is capable of reducing the symptoms of LSS but is 
moderately invasive and may not be tolerated by some older patients with signifi -
cant medical comorbidities [ 5 ]. The initial favorable results of open lumbar lami-
nectomy have been shown to deteriorate over time and, in some cases, require 
revision surgery [ 7 ]. Minimally invasive surgical approaches for LSS have been 
utilized; however these techniques have not gained wide acceptance due to concerns 
over the steep learning curve and/or the potential for an inadequate decompression 
or a technical complication [ 8 – 12 ]. Interspinous spacers have also been used in the 
subset of LSS patients who achieve good symptom relief while sitting [ 13 ]. 
Unfortunately, concerns over the durability of this approach have limited the popu-
larity of interspinous spacers [ 14 – 16 ]. 
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 The pedicle-lengthening osteotomy procedure is a relatively new percutaneous 
surgical approach for LSS. To perform this procedure, the surgeon utilizes fl uoro-
scopic guidance to cannulate the pedicles of the affected level(s). An internal pas-
sage is reamed through each pedicle into the vertebral body, leaving the cortical 
shell of the pedicle intact. A specialized handsaw is used to cut through the cortical 
shell of the pedicle (from inside the pedicle passage) at the junction of the pedicle 
and vertebral body. A specialized bone screw is threaded into the pedicle passage. 
The bone screw creates a gap (produces 4 mm of distraction) at the pedicle osteot-
omy site. The elongated pedicle heals, following the procedure, producing a perma-
nent expansion of the spinal canal and neural foramina [ 17 ].  

4.2     Surgical Technique 

 Pedicle-lengthening osteotomies are performed at lumbar levels requiring neural 
decompression. The selection of the surgical levels begins with a thorough history 
and physical examination of the patient. Advanced imaging studies (MRI or CT 
myelography) are always reviewed as part of the evaluation, and the location of 
nerve compression is correlated to the patient’s clinical symptoms to determine the 
symptomatic levels of lumbar stenosis. All areas of clinically symptomatic nerve 
root compression should be included in the surgical plan. 

 To decompress a particular lumbar level, the pedicles above and below the symp-
tomatic disc level are lengthened. For instance if the patient’s symptoms are due to 
stenosis of the L4/L5 level, the surgeon should lengthen the L4 and L5 pedicles to 
correct the pathologic condition. The pedicle-lengthening osteotomy procedures 
may be performed under general anesthesia or local anesthesia and intravenous 
sedation. In either case, the patient is positioned prone on a radiolucent operating 
table with good access for fl uoroscopic imaging. Surgeons may use either uniplanar 
or biplanar fl uoroscopy during the pedicle-lengthening procedure, and some sur-
geons have utilized computer-assisted image guidance to perform the procedure. 

 After a sterile preparation and draping of the patient, fl uoroscopic imaging is 
utilized to identify the pedicles to be lengthened. Using the  en face  fl uoroscopic 
view, the site of the skin incision is demarcated directly in line with the central axis 
of the pedicle (Fig.  4.1 ). A 10 mm skin incision is made in line with the central axis 
of each pedicle. Next, a trochar-tipped reamer is utilized to cannulate the pedicle. It 
is important that the tip of the reamer be positioned within 2 mm of the center of the 
pedicle as seen on the  en face  view to ensure a well-centered passage through the 
pedicle is achieved. The reamer is passed down the center of the pedicle until 
the radiographic marker is positioned at the junction of the pedicle and vertebral 
body (Fig.  4.2 ). The reamer is then removed and the pedicle saw is placed into the 
pedicle passage (Fig.  4.3 ).

     The pedicle saw is a hand-powered instrument that has a semifl exible saw blade 
that extends from the side of the saw shaft to cut the pedicle bone from inside the 
pedicle passage. The site of the pedicle osteotomy is located at the junction of the 
pedicle and vertebral body. With the pedicle saw positioned correctly, the surgeon 
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advances the blade in 1/8th mm increments by turning a knob on the upper portion 
of the saw. The saw is rotated within the pedicle passage to cut the pedicle bone at 
the site of the pedicle osteotomy. The initial 1–2 mm of the bone cut is performed 
with circumferential rotation of the pedicle saw. The remainder of the pedicle wall 
is cut with zonal cutting (Fig.  4.4 ). During zonal cutting, the pedicle is divided into 
four or more zones that are cut independently. This produces more accurate cutting 
of the uneven shape of the pedicle walls and reduces the risk of “past pointing” of 
the blade during the cutting procedure. As the pedicle saw blade is extended in 1/8th 
mm increments during cutting, the blade should be swept across the internal bony 
walls of the pedicle until the outer cortex of the pedicle wall has been breached. The 
blade is then retracted and the saw is adjusted to cut the next pedicle zone. 
Throughout the cutting procedure, the saw provides excellent tactile feedback 
allowing the surgeon to “feel” the sensation of the saw blade scraping away thin 
layers of bone. With experience, the surgeon will be able to detect the tactile sensa-
tion of the saw blade breaching the wall of the pedicle in a reliable fashion. 
Throughout the pedicle cutting process, periodic fl uoroscopy images in the  en face  
and lateral projections are obtained to check the position of the saw blade relative to 
the outer cortex of the pedicle (Fig.  4.5 ).

    During pedicle cutting, the primary “at risk” structure is the traversing nerve root 
that courses along the medical and interior walls of the pedicle. The surgeon must use 

  Fig. 4.1    An  en face  fl uoroscopic view of the left L4 pedicle is shown with a Kirschner wire above 
the skin to demarcate the location of the pedicle for the planning of the skin incision       
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particular care in these regions to ensure that the blade of the saw does not project 
signifi cantly beyond the walls of the pedicle. The geometry of the saw blade is 
designed to reduce the potential for nerve injury in the event of contact between the 
blade tip and nerve root. In addition, the surgeon may use stimulated EMG monitor-
ing to assist in detecting any contact between the blade and nerve root. 

 After cutting the pedicles, an expandable bone screw is threaded into the pedicles 
and positioned utilizing the radiographic marker at the site of the pedicle cut (Fig.  4.6 ). 
A threaded mechanism is then used to lengthen the screw implant causing expansion 
of the gap at the base of the pedicle to 4 mm (Fig.  4.7 ). The bone screw locks in the 
expanded position to prevent loss of pedicle lengthening and maintain the lengthened 
position of the pedicle until bone healing across the osteotomy transpires (Fig.  4.8 ).

     After completing the procedure, fi nal fl uoroscopic imaging is utilized to confi rm 
position of the pedicle-lengthening devices. The surgical incisions are closed and 
local anesthetic is injected subcutaneously at the surgical sites for postoperative 
pain management. Patients are mobilized rapidly after recovery from anesthesia and 
encouraged to resume normal daily activities except for bending or twisting of the 
lumbar area for the fi rst 6 weeks to allow bone healing at the osteotomy sites.  

  Fig. 4.2    A trochar-tipped 
bone reamer is passed 
through the central region 
of the pedicle until the 
radiographic marker (notch 
at the waist of the reamer) 
reaches the base of the 
pedicle       
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4.3     Discussion 

 Lumbar spinal stenosis is an increasingly common condition, due to aging of the 
population [ 2 ]. The rate of surgery for LSS varies widely in different regions of the 
world. Jansson and colleagues reported a rate of surgery for lumbar stenosis of 13.2 
per 100,000 Swedish citizens in 1999 and noted a threefold increase between 1987 
and 1999 [ 18 ]. In contrast, the rate of lumbar decompression surgery declined 
slightly between 2002 and 2007 for the US Medicare population [ 19 ]. 

 The SPORT study provided multicentered, prospective outcome data on 
patients with LSS with and without a concomitant low-grade degenerative spon-
dylolisthesis. In the SPORT study, patients with LSS were treated with a decom-
pressive lumbar laminectomy, and lumbar fusion was added for the subset of 
patients with degenerative spondylolisthesis. Surgical care was also compared to 
a course of usual nonoperative care [ 20 ]. In the cohort without spondylolisthesis, 

  Fig. 4.3    A specialized 
hand-powered bone saw is 
placed into the pedicle 
passage and used to cut the 
pedicle at the junction of 
the pedicle and vertebral 
body       
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the 24-month as-treated analysis demonstrated a mean improvement of 16.1 
(±1.9) points compared to the mean baseline Oswestry Disability Index (ODI) 
scores. This was statistically superior to the improvement of 12.7 (±1.8) points on 

  Fig. 4.4    Coronal reconstruction of a pedicle demonstrates an asymmetric pedicle shape. The 
pedicle is cut in zones (orange pie-shaped regions) to reduce “past pointing” of the bone saw blade       

  Fig. 4.5     En face  and lateral fl uoroscopic images of the pedicle saw during pedicle cutting. Note 
the location of the saw blade ( arrows ) is easily seen relative to the margins of the pedicle wall       
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the ODI scale for the nonoperative cohort. The SPORT study reported blood 
transfusions in 15 % and dural tears in 9 % of patients treated by lumbar laminec-
tomy. Patients undergoing a concomitant lumbar fusion had a higher rate of 
 complications including blood transfusion (35 % intraoperative and 16 % postop-
erative), dural tears (12 %), wound infection (5 %), and additional surgery within 
12 months (8 %) [ 20 ]. 

 Complication rates and clinical outcome following lumbar laminectomy surgery 
have been reported by other authors. Deyo et al. studied Medicare claims and 
reported life-threatening complications in 2.3–5.6 % of patients undergoing surgery 
for LSS depending on the invasiveness of the surgical approach. An additional 
7.8–13 % of the LSS cases required hospital readmission within the fi rst 30 days of 
surgery [ 19 ]. Reoperation rates following laminectomy for LSS were reported to be 
23 % within 8–10 years in the prospective, observational Maine cohort study [ 21 ]. 
In a 7–10 year follow-up study, Katz et al. reported a 33 % rate of severe back pain 
following open lumbar decompression [ 7 ]. 

  Fig. 4.6    Bone screw in 
place in the pedicle before 
expansion of the bone 
screw. Notice the slight 
gap where the pedicle cut 
has been performed       

 

4 Pedicle-Lengthening Osteotomy for the Treatment of Lumbar Spinal Stenosis



82

  Fig. 4.7    The bone screw 
after expansion showing 
lengthening of the pedicle 
and enlargement of the 
spinal canal       

  Fig. 4.8    Computed tomography scan of the L5 level before and after pedicle lengthening. Notice 
the increase space in the lateral recess of the spinal canal. Also notice, the healing of the pedicle 
osteotomy ( arrow )       
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 Minimally invasive techniques for lumbar decompression have become increas-
ingly popular in recent years. These procedures often employ a tubular retractor 
system which limits the soft tissue disruption of the surgical approach [ 8 ]. Rahman 
et al. reported less blood loss, reduced operating times, shorter hospital stays, and a 
lower rate of complications in a cohort of patients following minimally invasive 
decompression when compared to open decompression [ 22 ]. Rigorous prospective 
studies comparing the outcome of open laminectomy to minimally invasive decom-
pression are currently lacking [ 23 ,  24 ]. Only two small studies could be found 
which prospectively compare minimally invasive surgical decompression to open 
decompression [ 25 ,  26 ]. In a retrospective data mining study, Fu et al. reported 
lower rates of death and neurological complications among enrollees of the Scoliosis 
Research Society database treated with a minimally invasive approach as compared 
to open surgery [ 27 ]. Despite these encouraging reports, concerns persist among 
many surgeons regarding the steep learning curve and risk of technical complication 
due to inadequate visualization with minimally invasive techniques. [ 26 ] These con-
cerns have currently limited the adoption of minimally invasive decompression 
techniques. 

 Interspinous spacers have been studied for selected cases of LSS. In the 
United States, the X-Stop device (Medtronic Spine, Sunnyvale, California) was 
approved by the Food and Drug Administration in 2005 for the treatment of LSS 
and has achieved mixed results. Although one large trial showed the X-Stop to be 
superior to nonoperative care [ 28 ], others have reported problems with the 
device. For instance, Brussee et al. found that only 31 % of their patient cohort 
achieved a good result following X-Stop implantation [ 14 ]. Tuschel et al. reported 
a 30 % revision rate, mostly in the fi rst year after implantation, due to inadequate 
relief from the symptoms of stenosis [ 29 ]. Kim et al. found spinous process frac-
tures in 29 % of the cases in their series [ 15 ]. Bowers et al. reported complica-
tions in 38 % of patients and performed revision surgery in 85 % of the patients 
in their series [ 16 ]. Because of these concerns, intraspinous spacers have not 
replaced open lumbar decompression as the predominant method of treatment for 
LSS at the current time. 

 The pedicle-lengthening osteotomy procedure provides a novel surgical strat-
egy for enlarging the spinal canal and neural foramen using a percutaneous 
approach. The theoretical advantages of this procedure include the lack of 
removal of normal anatomic structures and the reduced risk of major bleeding, 
infection, and medical complications compared to traditional open lumbar 
decompression. A compelling aspect of pedicle lengthening is the lack of removal 
of normal anatomic structures which should limit the risks of postoperative insta-
bility. Mlyavykh et al. reported the results of a pilot study for pedicle lengthening 
which demonstrated favorable clinical results and a low perioperative complica-
tion rate [ 30 ]. Further study of this technique and a more direct comparison to 
alternative treatment strategies for lumbar spinal stenosis will be needed in the 
future to defi ne the ultimate role of this procedure for the treatment of lumbar 
spinal stenosis.     
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      Technical Considerations 
in Percutaneous Placement of Spinal 
Cord Stimulation Devices                     

       Edwin     Gulko      ,     Todd     Miller      , and     Allan     Brook     

5.1            Introduction 

 The last several decades have witnessed exponential advances in the technology and 
use of spinal cord neuromodulation for the treatment of chronic refractory pain 
syndromes in patients whom medical and surgical management have been exhausted. 
This chapter focuses on the technical aspects of percutaneous placement of SCN 
devices, emphasizing patient selection, technique, and complications. 

 The precise mechanism of spinal cord modulation for neuropathic pain is par-
tially understood. The original “control gate theory” postulated that continual acti-
vation of afferent fi bers within the dorsal columns of the spinal cord inhibited 
transmission of nociceptive stimulation [ 1 ]. The basis of SCN was rooted in this 
theory and currently serves as the framework for explaining the benefi ts of 
SCN. However, it is believed that a more complex interweave between neuronal 
activity at the dorsal horn, involvement of supraspinal circuits, and modulation of 
neurotransmitters within the dorsal horn are also involved [ 1 ,  2 ]. The benefi ts of 
SCN for refractory angina, other ischemic diseases, and CRPS (Complex Regional 
Pain Syndrome) are felt to be secondary to a different set of mechanisms [ 1 ]. In all 
cases, the goal is to replace the pain sensation with a paresthesia or tingling sensa-
tion (and more recently with high- frequency modulation without the paresthesias). 
The goal is decreased pain with less medication resulting in greater mobility and 
quality of life. 

 Abundant data is available supporting the role for spinal cord neuromodulation 
(SCN). In a prospective randomized control study performed by North et al. 
among patients with prior lumbosacral surgeries (failed back surgery syndrome) 
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who met clinical and imaging criteria for additional surgical intervention, spinal 
cord stimulation was found to be more effective than reoperation during the study 
time period [ 3 ]. 

 The PROCESS study was a randomized multicenter controlled study that aimed 
to evaluate the effi cacy of spinal cord stimulation added to medical management, 
compared to medical management alone in patients with failed back surgery syn-
drome and radicular leg pain, with the primary outcome being pain relief [ 4 ]. Initial 
follow-up at 6 months demonstrated better primary outcome measures as well as 
other quality of life and functional capacity measures [ 5 ]. Patients initially random-
ized to the spinal cord stimulation arm were followed out to 24 months, excluding 
any patients that crossed over into spinal cord stimulation group. Unfortunately the 
number of remaining patients initially randomized to the conservative medical man-
agement group was deemed too small for comparative analyses. Regardless, Kumar 
et al. demonstrated that pain relief was sustained in patients with spinal cord stimu-
lation [ 6 ].  

5.2     Patient Selection 

 As with any procedure, patient selection and an understanding of contraindications 
for SCN are crucial components of obtaining favorable outcomes. Appropriate 
patient selection begins by identifying a clear etiology for the patient’s source of 
pain; SCN is typically sought after conservative pain management measures have 
failed [ 7 ]. 

 The more common indications include failed back surgery syndrome, complex 
regional pain syndrome (including causalgia and refl ex sympathetic dystrophy), 
refractory angina pectoris, peripheral vascular disease, and post-amputation pain 
syndromes [ 7 ,  8 ]. 

 Some contraindications include psychiatric instability, pain as a result of an acci-
dent in litigation, alcohol or drug addiction, pregnancy, coagulopathy, and inability 
to maintain/care for the device secondary to dementia or a psychiatric condition 
[ 7 – 9 ]. The Neuromodulation Appropriateness Consensus Committee lists indica-
tions, cautions, and inappropriate practices [ 9 ].  

5.3     Technique 

5.3.1     Trial 

 A trial period with temporary leads is performed to determine if the procedure pro-
vides adequate relief before permanent implantation. This allows for an enhanced 
level of appropriate patient selection. Patient education and cooperation are crucial, 
as both self-monitoring of symptoms and effective communication with the physi-
cian help judge the degree of trial success. The trial procedure consists of temporary 
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percutaneous lead placement and connection to the pulse generator, which is main-
tained in a wearable elastic pouch. This allows the patient to judge success in their 
own environment doing their daily activities. 

 The patient is placed in the prone position on the fl uoroscopy table and skin 
prepped in sterile fashion. Per recommendations from the Neuromodulation 
Appropriateness Consensus Committee of the International Neuromodulation 
Society, real-time interaction between the patient and physician is the ideal circum-
stance under which to implant the electrodes [ 9 ]. Patient sedation must be titrated to 
provide comfort, while the patient maintains the ability to effectively describe the 
location and intensity of induced paresthesias. This promotes ideal lead localiza-
tion. If general anesthesia is required, areas of lead coverage may be evaluated with 
somatosensory evoked potential monitoring [ 10 ]. 

 Under fl ouroscopic guidance, an introducer needle is placed into the epidural 
space from a paramedian approach. A lead is introduced into the dorsal epidural 
space and guided to the appropriate level corresponding to the dermatomal distribu-
tion of pain. Depending on the practitioner’s preference, one or two leads may be 
inserted. Electrode position at T1–T4 is adequate for upper extremity pain, with 
advancement of the lead as needed for appropriate coverage [ 8 ,  9 ]. Electrode posi-
tion from T6 to T10 is usually adequate for back and lower limb pain [ 8 ], with the 
electrodes advanced in real time to target these regions [ 9 ]. 

 At this point, the lead(s) can be attached to the external stimulator for testing. 
Modern electrodes have several channels, which allow for “tuning” of the stimula-
tion fi eld. This tuning allows the stimulation fi eld to be tailored to the patient’s 
needs without moving the electrode. Varying amplitudes are applied to discern 
when the patient fi rst feels paresthesias (perception threshold) and when the magni-
tude of stimulation is intolerable (discomfort threshold). The difference between the 
two is the usage range [ 2 ]. The location of the lead(s) may need to be adjusted to 
insure appropriate dermatome coverage and limit motor stimulation which is typi-
cally felt as abdominal wall or chest muscle contractions depending on the area 
being treated. After the appropriate settings and positioning are obtained, the lead is 
sutured to the skin and covered with antibiotic ointment and sterile dressing. Leads 
are secured to the skin with interrupted sutures to prevent their dislodgment during 
the trial period. Sterile dressings are used to cover the entire apparatus to limit the 
opportunity for infection and further minimize movement, which may dislodge the 
leads. Antibiotics are administered pre- and post-procedure to cover the patient for 
the duration of the trial period. 

 A trial period lasting approximately 5 days is suffi cient to determine if the treat-
ment will provide adequate pain relief and functional improvement. During the trial, 
the patients perform daily activities and monitor the degree of symptomatic relief. 
The patient is provided with a diary where they record activity, pain, and various life 
quality measures. 

 After the trial, the patient returns to the offi ce for removal of the electrode. The 
sutures are cut, and a gentle tug is suffi cient to remove the electrode. A small gauze 
dressing is applied. Careful inspection is necessary to ensure that the entire 
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electrode has been removed and that there is no sign of infection. Both of these facts 
are documented in the patient’s record. 

 At this point, the patient and provider discuss the results. The patient is sent 
home for another week and is instructed to continue recording in the diary. The 
patient returns after the fi nal week so a discussion and review of the diary can help 
guide the decision to proceed to permanent implant. An alternative approach is to 
conduct a trial period in the OR suite with a permanent electrode, with permanent 
placement if the desired affect is achieved [ 7 ]. Generally, a successful trial results in 
pain reduction by greater than 50 % [ 7 ,  8 ].  

5.3.2     Permanent Placement: Percutaneous Leads 

 In most cases the process can be similar to the trial insertion. Cylinder-shaped per-
manent electrodes are placed percutaneously, with conscious sedation. This allows 
for intraoperative confi rmation of proper position as with the trial placement. 
Paddle-type electrodes are placed surgically. These have a lower risk of migration, 
but require laminotomy for placement. Use of paddle type may be necessary if the 
epidural space has been compromised or the patient had prior laminectomy/poste-
rior fusion [ 8 ,  9 ]. This should be evident after a percutaneous trial placement has 
been unsuccessful. 

 Prior (and for 7–10 days post) to the procedure, the patient is given antibiotics for 
coverage of skin fl ora. After proper lead placement, moderate sedation is recom-
mended allowing for patient comfort during tunneling and generator placement. 

 Two needles are inserted into the epidural space through a paramedian approach 
depending on the targeted dermatome. They may be placed at different levels on the 
same side or on the same level on different sides of the midline. The former allows 
for only one incision during anchoring of the leads [ 8 ]. The electrodes are inserted 
and guided into the epidural space as with the trial. Electrode advancement should 
always be done under fl uoroscopic guidance to ensure that leads do not course later-
ally or anteriorly. Two parallel electrodes provide more neural contacts at the mid-
line [ 11 ]. Additionally the greater coverage along the neuroaxis allows for a greater 
range of programmable adjustments and tuning, as opposed to manual adjustment 
of electrode placement. 

 After proper lead positioning, test stimulation ensures that the patient experi-
ences paresthesias in the corresponding regions of pain. Images should be obtained 
to document lead location. After the leads are manipulated into the desired loca-
tions, the skin area around the needle is anesthetized. An incision is made caudally 
or transversely if two needle insertions were created on either side of the midline. 
Gentle dissection is performed to expose the supraspinous ligament or paravertebral 
fascia. The needle and stylet are removed, and the electrodes are connected to 
anchors, which are fi xed to supraspinous ligament with suture [ 8 ]. 

 Additional local anesthetic is given from the midline out laterally, along a pro-
jected tunneling path. The lead tunneler is advanced subcutaneously in the lateral 
direction to the site where the pulse generator will be placed. The tunneler allows 
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for passage of a straw device from the midline to the lateral exit site, where leads are 
then subsequently attached to the straw device and pulled laterally through the tun-
neled path out to the exit site. The skin incision is irrigated and closed with absorb-
able sutures for the subcutaneous tissues, and nylon sutures, liquid adhesive, and 
staples are used to close the skin [ 8 ]. 

 Finally, a pocket is created for placement of the pulse generator. A 4 cm incision 
is made for the subcutaneous pocket superfi cial to the muscle layers. It is advisable 
to make the pocket less than 2 cm from the skin surface, to allow adequate commu-
nication with the electromagnetic programming device. After creation of the pocket, 
the leads are connected to the generator. The connection and functionality are tested, 
and the pulse generator is placed into the subcutaneous pocket. The pocket is irri-
gated and closed in standard surgical fashion with absorbable sutures for the subcu-
taneous tissues and nylon sutures, liquid adhesive, and staples for the skin [ 8 ].   

5.4     Complications 

 A priori knowledge of potential technical challenges and complications prepares the 
physician during and after the procedure to negotiate and solve challenges that may 
arise. Placement of spinal cord stimulation devices for patients with failed back 
syndrome or complex regional pain syndrome is relatively safe with a low incidence 
of life-threatening complications. In over 130 percutaneous trials and placements in 
our lab, we have seen one CSF leak that occurred during a trial in a patient with 
failed back syndrome. 

 An exhaustive list of potential complications has been characterized and 
described by the Neuromodulation Appropriateness Consensus Committee and is 
categorized as: patient-related, device-related, technique-related, or biologic com-
plications [ 10 ]. Common device-related complications include lead migration, frac-
ture, and hardware malfunction [ 12 ]. Patient-related complications include infection, 
hematoma, CSF leaks, seromas, or pain [ 7 ,  8 ,  12 ]. 

 Recognition of typical stimulation patterns is required to understand where an 
electrode may be positioned. Stimulation should be confi ned entirely to the dorsal 
columns, with paresthesias occurring ipsilateral and caudal to the electrode [ 13 ]. 
Stimulation patterns that result in abdominal tightness or chest wall sensations may 
indicate that a lead is positioned in the anterior epidural space. Intradural placement 
or placement adjacent to an exiting nerve root produces sensations that occur at 
extremely low amplitudes or within a narrow range [ 8 ]. 

 Changes in regional anatomy of the axial spine pose varying challenges during 
electrode placement. Levy’s manuscript,  Anatomic Considerations for Spinal Cord 
Stimulation , eloquently details technical challenges that arise merely from anatomi-
cal variations that occur along the axial spine [ 13 ]. For instance, the cervical spinal 
cord is relatively thicker from C3 thru C7, the same levels that experience the great-
est degree of degenerative changes. Consequently the possibility of spinal cord 
injury during epidural placement is the greatest at these levels, secondary to the 
smaller volume of the dorsal epidural space [ 13 ]. Additionally given the degree of 
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motility to the cervical spine, changes in stimulation sensations are more likely 
secondary to lead displacement during cervical spinal motion [ 13 ]. 

 Challenges posed in thoracic spine anatomy occur secondary to the varying posi-
tions of the spinal cord within the spinal canal. Secondary to the kyphotic curvature 
of the thoracic spine, the spinal cord lies in different ventral-dorsal positions depend-
ing on the thoracic level. Consequently the CSF thickness between spinal cord and 
epidural space also varies [ 13 ]. For low back pain, SCN lead placement typical is 
aimed at T8–T9 where the CSF space is relatively thick. As current from the elec-
trodes travels along paths of least resistance, epidural stimulation at this level may 
activate fi bers of the dorsal column but also of dorsal root fi bers. Consequently 
patients may experience uncomfortable thoracic radicular sensations. Ventral and 
dorsal CSF thickness can change with varying patient positioning [ 14 ]. Consequently 
in patients with SCN devices, patient position (i.e., sitting/standing or lying) can 
affect stimulation sensations and effi cacy [ 13 ]. 

 The use of spinal cord stimulating devices has grown dramatically as the technol-
ogy has improved in recent years. When patients are properly selected, the success 
rate is high, and complication rates are low. Percutaneous techniques are ideally 
suited to allow minimal sedation, which encourages patient report of sensations to 
guide optimal lead placement.     
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