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      Degenerative Spinal Disease                      

     Johan     Van     Goethem     ,     Marguerite     Faure    , 
and     Michael     T.     Modic    

          Introduction 

 Back pain is one of the most common disorders worldwide. 
A global burden of disease study from 2010 [ 1 ] ranks it sixth 
between HIV and malaria in terms of its impact on disability- 
adjusted life years. Degenerative disease of the spine is con-
sidered the most common etiologic cause. Mechanical, 
traumatic, nutritional, and genetic factors all play a role in 
the cascade of disk degeneration. The presence of degenera-
tive change is by no means an indicator of symptoms, and 
there is a very high prevalence in asymptomatic individuals. 
The etiology of pain as the symptom of degenerative disease 
is complex and appears to be a combination of mechanical 
deformation and the presence of infl ammatory mediators. 
The role of imaging is to provide accurate morphologic 
information and infl uence therapeutic decision making. A 
necessary component, which connects these two purposes, is 
accurate natural history data. This is critical because the jus-
tifi cation of an intervention, whether diagnostic or therapeu-
tic, requires the intervention to have a more favorable 
outcome than the untreated natural history of the disease pro-
cess. In order to fully understand the value of imaging fi nd-
ings on therapeutic thinking, the following fi ve considerations 
are critical: fi rst, the reliability and reproducibility of  imaging 

fi ndings; second, the prevalence of fi ndings in asymptomatic 
and symptomatic populations; third, the natural history and 
behavior over time; fourth, the prognostic value of the fi nd-
ings; and fi fth, the treatability of the condition. 

 In terms of the reliability and reproducibility of the imag-
ing fi ndings, standard nomenclature is crucial and has been 
much discussed in the literature [ 2 ]. The morphologic 
changes one can identify in imaging are myriad and variable. 
These include degenerative disk changes such as narrowing, 
signal intensity loss on T2-weighted images, fi ssures, vac-
uum phenomena, annular disruption, bulge, and herniation. 
Adjacent changes in the soft tissues, bone, and ligament are 
also important as are morphologic changes such as canal and 
foraminal narrowing, nerve root compression, etc. Facet 
changes are also considered to be important. Even in the 
presence of standardized nomenclature, there is signifi cant 
variability between and within readers. For instance, the reli-
ability of interpretation based on interobserver reliability is 
quite good for morphology and kappa of .81 [ 3 ], yet only fair 
for the degree of stenosis, the presence of spondylolisthesis, 
marrow change, or facet disease [ 4 ]. 

 Any study looking at the natural history of degenerative 
disk disease, prognostic value of imaging, or its effect on 
therapeutic decision making will be confounded by the high 
prevalence of morphologic change in the asymptomatic pop-
ulation [ 5 – 7 ]. 20–28 % of asymptomatic patients demon-
strate disk herniations and the majority have evidence of 
additional degenerative disk disease [ 5 – 7 ]. These fi ndings 
are not only non-predictive in the moment, but prospectively 
as well. In a 7-year follow-up of a patient group with back 
pain [ 8 ], the original MR fi ndings were not predictive of the 
development or duration of low back pain. 

 The natural history and behavior of degenerative changes 
over time are important to appreciate. Degenerative disk 
space narrowing, facet disease, and stenosis tend to slowly 
progress over time. Eventual stabilization of the three-joint 
discovertebral complex is thought to be part of the natural 
history of degenerative disease, and it is assumed to be 
accompanied by a decrease in pain. These impressions, 
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 however, are anecdotal and have not been tested by a formal 
natural history study. Some fi ndings, such as disk herniation 
and degenerative marrow changes, are known to change. 
Multiple studies in which computed tomography or MR 
imaging has been used have shown that the size of disk her-
niations, especially larger ones, can reduce dramatically in 
patients undergoing conservative treatment [ 9 ,  10 ]. 

 The prognostic value of these fi ndings is important in 
computing this information’s effect on therapeutic thinking. 
In a study of symptomatic patients, the prevalence of disk 
herniation in patients with low back pain and those with 
radiculopathy at presentation was similar [ 11 ]. There was a 
higher prevalence of herniation, 57 % in patients with low 
back pain and 65 % in patients with radiculopathy, than the 
20–28 % prevalence reported in asymptomatic series [ 6 ,  7 ]. 
In general, one-third of patients with disk herniation at pre-
sentation had signifi cant resolution or disappearance by 

6 weeks and two-thirds by 6 months (Fig.  1 ) [ 10 ,  11 ]. The 
type, size, and location of herniation at presentation and 
changes in herniation size and type over time did not corre-
late with outcome. Knowledge of imaging fi ndings did not 
affect outcome or impact treatment. In a similar study, by 
Gilbert et al., earlier imaging did not affect conservative 
management. A systematic review and meta-analysis by 
Chou [ 12 ] showed that routine lumbar spine imaging in 
patients with low back pain and no features suggesting seri-
ous underlying conditions did not improve clinical outcomes 
compared with usual clinical care without immediate imag-
ing. The reason these considerations are important is that the 
rates of spinal surgery are increasing, and there is a moderate 
to strong correlation between changes in the rates between 
CT and MR use and spine surgery [ 13 ]. This lack of prog-
nostic value also appears to apply to the conservative man-
agement of spinal stenosis. There do not appear to be reliable 
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  Fig. 1    46-year-old male with left leg radicular symptoms. ( a ) is a 
 composite of sagittal and axial T1 and T2 images of the lumbar spine. 
( a ) is from the initial MR performed on 27 December 2010. This study 
demonstrates a large disk extrusion ( arrows ) in the left anterior epidural 

space at the L4/L5 level. ( b ) is a composite of the follow-up MR 
 performed 12 weeks later and demonstrates complete resolution of the 
previously described disk extrusion ( arrows )       
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prognostic imaging fi ndings that would correlate with 
 surgical success or even whether patients would benefi t from 
surgery and spinal stenosis [ 14 ,  15 ].

   Interestingly, one imaging variable that did have positive 
predictive value was the presence of disk herniation at pre-
sentation. Patients who presented with a disk herniation were 
three times more likely to do well than those without a dis-
cernible disk herniation [ 11 ]. The reason for this is thought 
to be related to the favorable natural history of patients with 
disk herniations. That is, the overwhelming majority of these 
patients recover without signifi cant intervention, and in fact 
we know from the morphologic data that the majority of 
these disk herniations regress or disappear over time. 
Therefore, the presence of a herniation is actually a good 
sign, that is, likely to have a more favorable natural history.  

    Intervertebral Disk 

 Intervertebral disk pathology is thought to be one of the 
causative factors of low back pain [ 16 ]. Studies that demon-
strate innervation to the intervertebral disk provide evidence 
that may account for instances of discogenic low back pain 
[ 17 ]. It was revealed that innervation of the inner disk was 
observed only in painful disks, not in normal control disks 
[ 18 ,  19 ]. Based on these observations, nerve ingrowth into 
the inner disk may be a cause of nonspecifi c discogenic low 
back pain. MR imaging fi ndings that correlate with painful 
disks on discography are those typical for disk degeneration, 
mainly signal loss of the disk on T2–WI, but also loss of disk 
height, the presence of a hyperintensity zone (HIZ), and 
modic changes [ 20 ]. 

 The hyperintensity zone (HIZ) is a localized region of 
high signal intensity on T2–WI within the annulus fi brosus. 
Histopathologically these lesions represent replacement of 
the normal lamellar structure by a disorganized, vascularized 
granulation tissue consisting of small round cells, fi broblasts, 
and newly formed blood vessels around tears that extend 
from the nucleus pulposus to the outer region of the annulus 
fi brosus [ 21 ]. Originally the presence of an HIZ was strongly 
correlated with a painful disk on discography [ 22 ]. This cor-
relation was confi rmed in multiple later studies, but was also 
questioned in a few other studies. In general, the association 
between an annular tear on MR images and low back pain is 
unclear.  

    Bone Marrow Changes 

 Signal intensity changes of the vertebral body marrow adja-
cent to the end plates of degenerated disks are a long recog-
nized and common observation on MR images of the lumbar 
spine [ 23 ,  24 ]. However, despite a growing body of literature 

on this subject, their clinical importance, etiology, and 
 relationship to symptoms remain unclear [ 25 ]. These mar-
row changes appear to take three main forms on MR imag-
ing. Type I changes demonstrate decreased signal intensity 
on TI-weighted images and increased signal intensity on 
T2-weighted images. They have been identifi ed in approxi-
mately 4 % of patients scanned for lumbar disease [ 17 ], 
approximately 8 % of patients after diskectomy [ 26 ], and in 
40–50 % of chymopapain-treated disks, which may be 
viewed as a model of acute disk degeneration [ 27 ]. 
Histopathologic sections of disks with type I changes show 
disruption and fi ssuring of the end plate and vascularized 
fi brous tissues within the adjacent marrow, prolonging T1 
and T2. Enhancement of type I vertebral body marrow 
changes is seen with administration of gadolinium that at 
times extends to involve the disk itself and is presumably 
related to the vascularized fi brous tissue within the adjacent 
marrow. Type II changes are represented by increased signal 
intensity on T1-weighted images and isointense or slightly 
hyperintense signal on T2-weighted images. They have been 
identifi ed in approximately 16 % of patients at MR imaging. 
Disks with type II changes also show evidence of end plate 
disruption, with yellow (lipid) marrow replacement in the 
adjacent vertebral body resulting in a shorter T1. Type III 
changes are represented by decreased signal intensity on 
both T1- and T2-weighted images and correlate with exten-
sive bony sclerosis on plain radiographs. The lack of signal 
in the type III change no doubt refl ects the relative absence 
of marrow in areas of advanced sclerosis. Unlike type III, 
types I and II changes show no defi nite correlation with scle-
rosis at radiography [ 28 ]. 

 This is not surprising when one considers the histology; 
the sclerosis seen on plain radiographs is a refl ection of 
dense woven bone within the vertebral body, whereas the 
MR changes are more a refl ection of the intervening marrow 
elements. While the aforementioned histologic changes 
appear to describe the underlying anatomic substrate for the 
MR signal changes, they by no means describe the etiology 
of the underlying causative process. The marrow changes are 
likely epiphenomena and are a consequence of the biome-
chanical, cellular, and immunological factors that are pri-
marily responsible for symptomatology. 

 Similar marrow changes have also been noted in the pedi-
cles. While originally described as being associated with 
spondylolysis, they have also been noted in patients with 
degenerative facet disease and pedicle fractures [ 29 ,  30 ]. We 
do not know the exact mechanism by which these marrow 
changes occur. Their association with degenerative disk dis-
ease, facet changes, and pars and pedicle fractures suggests 
they are a response to biomechanical stress. This then suggests 
the fi rst and likely most common etiology – mechanical. 

 Of these three types, type I changes appear to be more 
fl uid and variable, a refl ection of some ongoing underlying 
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pathological process such as continuing degeneration with 
resulting changing biomechanical stresses. Of the three 
types, type I is most often associated with ongoing low back 
symptomatology [ 31 – 35 ]. In most cases, type II degenera-
tive changes appear to be associated with a more stable state. 
Type II changes, however, are not always permanent and 
conversion between type II and I has been demonstrated. In 
general, when type II marrow changes convert to type I, there 
is usually a superimposed process such as continued or 
accelerated degeneration or vertebral osteomyelitis. 

 Some authors have suggested that mixed lesions are more 
common than originally thought and indicative of overlap 
and progression of one type to another [ 26 ,  36 ,  37 ]. In most 
studies of marrow changes, type II is the most prevalent and 
the prevalence increases with age [ 26 ]. 

 The available data would support type I marrow changes 
are more strongly associated with symptomatology than type 
II and more fl uid, and their resolution or change is more 
common and associated with clinical improvement. The 
greatest support for suggesting these marrow changes, 

 particularly type I, is related to biomechanical instability 
which is based on observations following fusion (Fig.  2 ). 
Chataigner [ 38 ] has suggested that type I marrow changes 
have much better outcomes with surgery than those with iso-
lated degenerative disk disease and normal or type II marrow 
changes. In addition, resolution of type I marrow changes to 
either normal or type II was associated with higher fusion 
rates and better outcomes. As further support for these fl uid 
marrow changes refl ecting biomechanical stress, we have 
seen similar marrow conversion in the pedicles of vertebral 
bodies associated with symptomatic pars and pedicle frac-
tures as well as severe degenerative facet joint disease 
(Fig.  3 ). Self- reported pain scores tended to improve over 
time with concordant resolution of marrow signal intensity.

    While the data is strong that there is a mechanical etiol-
ogy to many of these marrow changes, there is a growing 
body of literature that suggests that in some there is a true 
infectious or infl ammatory cause [ 39 ]. In patients with the 
low back pain and type I marrow changes, an important 
 differential consideration is vertebral osteomyelitis. While 
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  Fig. 2    ( a ) is a composite of sagittal T1- and T2-weighted images in a 
patient with severe low back pain. ( a ) ( arrows ) demonstrates degenera-
tive type I marrow changes at the L4/L5 level with decreased signal 
intensity on T1 and increased signal intensity on T2 of the adjacent 
vertebral body margins. ( b ) is a composite of sagittal T1- and 

T2-weighted images obtained 2 years later. The patient had undergone 
a posterior lateral fusion in the interim. Note the laminectomy defect 
posteriorly. The type I degenerative marrow changes at L4/L5 have now 
converted to type 2 marrow changes with increased signal intensity on 
the T1 and normal signal intensity on T2 ( arrows )       
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classic pyogenic and fungal osteomyelitis may, in their ear-
liest stages, overlap in appearance on MR with type I mar-
row degenerative changes, classic osteomyelitis has a 
distinctly different clinical and more rapidly changing imag-
ing picture. More recently, it has been proposed that some 
type I marrow changes which heretofore have been pre-
sumed to be degenerative may in fact be secondary to a low 
virulent anaerobic bacterial process [ 40 ]. The authors 
hypothesize that the marrow changes are a side effect of the 
cytokine propionic acid production from the bacteria enter-
ing the adjacent marrow space, presumably through degen-

erative changes related to disk herniation and underlying 
degenerative disk disease.  

    Degenerative Facet Disease 

 The zygapophysial joint aka “facet” joints in the spinal col-
umn is located posterior to the vertebral body. Each vertebra 
has two facet joints. They are surrounded with a fi brous cap-
sule and connect the superior and inferior articular facets of 
the vertebrae. Unlike the intervertebral disk, they are true 
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  Fig. 3    ( a – c ) Left parasagittal T1, T2 and STIR weighted sequences 
obtained at the time of presentation with back pain. ( d – f ) are parasagit-
tal T1-, T2-, and STIR-weighted images obtained 14 weeks after the 
initial study. Note the conversion of the type I marrow signal intensity 

change on the previous examination to a type 2 marrow signal. The 
decreased signal intensity on T1 has converted to an increased, more 
lipid marrow signal. The high signal intensity on T2 and STIR has for 
the most part resolved. The  arrows  denote the pedicles       
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synovial joints. The joint produces synovial fl uid, the prime 
lubricant for the joint and the nutritional source for the joint 
surface cartilage. Facet joints are an important part of the 
posterior column and provide structural stability to the verte-
bral column. The posterior ligamentous complex (facet joint 
capsule, ligamentum fl avum, interspinous ligament, and 
supraspinous ligament) keeps the facet joints and the verte-
brae in a fi xed position with each other. Injury of this com-
plex can result in subluxation or dislocation of the facet. 

 Most literature focuses on the intervertebral disks; how-
ever it is increasingly apparent that facet joints also play a 
major role in low back pain. Degenerative facet disease is the 
most frequent form of facet pathology, but degenerative disk 
and degenerative facet disease often go along [ 41 ]. Like in 
all synovial lined joints, arthrosis in facet joints is a contin-
uum between loss of joint space narrowing, loss of synovial 
fl uid, and cartilage and bony overgrowth. High-grade carti-
lage necrosis arises quite rapidly in facets. It is mainly a dis-
ease affecting the elderly population, present in virtually 
everyone after the each of 60 and in varying degrees affect-
ing the majority of adults. No sex difference is noted. It is 
probably related to mechanical loading, minor repetitive 
trauma, and/or a form of predisposition [ 42 ]. The L4–L5 
facet joints are more prone to degeneration than any other 
level, because of their more horizontal position in the sagittal 
plane. Facet joint osteoarthritis is intimately linked to the 
distinct but functionally related condition of degenerative 
disk disease and disk degeneration usually proceeds facet 
joint osteoarthritis [ 41 ]. 

 Diagnosing pain as deriving from the facet joints can be 
challenging. History and physical examination may suggest, 
but cannot confi rm, the facet joint as the source of pain [ 43 ]. 
Although radiologists are commonly asked by clinicians to 
determine the degree of facet joint osteoarthritis, the pub-
lished radiological studies report no correlation between the 
clinical symptoms of low back pain and degenerative spinal 
changes observed on radiological imaging studies [ 44 ]. 
Specifi cally, the association between degenerative changes 
in the lumbar facet joints and symptomatic low back pain 
remains unclear and is a subject of ongoing debate. Current 
standard criteria for the diagnosis of facet joint pain are 
reduction in symptoms following the direct introduction of 
local anesthetic into the facet joint or block of local innerva-
tion [ 45 ]. The procedure is considered diagnostic if there is 
pain relief of more than 50 %. 

 In imaging studies more and more the emphasis lies on 
the visualization of infl ammation of the facet joint and the 
surrounding soft tissues. It is believed that this infl ammation 
is the cause of local, i.e., non-irradiating pain. Not all 
changes are infl ammatory, especially bony overgrowth is a 
protective reaction to infl ammation, diminishing infl amma-
tory response. However bony overgrowth can be an impor-
tant cause of neuroforaminal narrowing, giving rise to 
irradiating pain. 

 Adult degenerative scoliosis (spinal deformity or curva-
ture in the coronal plane) and degenerative spondylolisthesis 
(displacement of one vertebra relative to another in the sagit-
tal plane) are also thought to be related to facet joint degen-
eration and failure of the motion segment. In degenerative 
scoliosis, asymmetric deformity and asymmetric loading 
lead to asymmetric degeneration, which in turn leads to more 
scoliotic deformity and further increased force transmission 
through the facet joint on the concave side of the curve. In 
degenerative spondylolisthesis, progressive loss of cartilage 
and articular remodeling lead to subluxation of the facet 
joint. Facet joints at spinal levels affected by degenerative 
spondylolisthesis have been found to be more sagittally ori-
ented than those at levels without spondylolisthesis. 
Spondylolisthesis most often occurs at L4–L5, the same 
level that is most often affected by arthrosis [ 34 ]. 

 Plain radiographs are of only limited use in investigating 
chronic back pain. Arthrosis of the facet joints is a frequent 
radiographic fi nding, particularly among the elderly. Oblique 
radiographs are the best projections to demonstrate the facet 
joints of the lower lumbar spine because of the oblique posi-
tion and curved confi guration of the facet joints. Even on 
oblique views, however, only the portion of each joint that is 
oriented parallel to the X-ray beam is clearly visible. 

 Typical fi ndings in facet joint degeneration on plain 
radiographs include joint space narrowing, sclerosis, bone 
hypertrophy, and osteophytes. Intra-articular gas (“vacuum 
phenomenon”) may be present and spondylolisthesis is not 
uncommon. Conventional radiography is insensitive in the 
detection of mild facet joint disease and becomes slightly 
more sensitive for detecting severe disease. The degree of 
degeneration tends to be underestimated. The literature 
reports a 55 % sensitivity and 69 % specifi city in identifying 
the presence of degenerative change in the L3–4 and L5–S1 
facet joints on plain radiography [ 46 ]. Therefore, standard 
radiographs can best be used for screening for facet joint 
osteoarthritis and grading spondylolisthesis according to the 
Meyerding classifi cation (table  1 ) [ 47 ]. It is particularly use-
ful for evaluating motion-related abnormalities in fl exion or 
extension. This can be very important for assessing instabil-
ity in case of spondylolisthesis. As mentioned before, the 
clinical relevance of detecting osteoarthritis of the facet 
joints remains unclear and controversial [ 39 ,  48 ]. They also 
have little value in being able to predict response to facet 
joint interventions.

   Table 1    Meyerding classifi cation for spondylolisthesis   

 1  <25 % displacement of vertebral body 

 2  25–50 % displacement of vertebral body 

 3  50–75 % displacement of vertebral body 

 4  >75 % displacement of vertebral body 

 5  Spondyloptosis (vertebral body displaced completely 
anteriorly, with inferior displacement to level of vertebral 
body below) 
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   In comparison with plain radiographs, CT is better in delin-
eating the facet joints due to its capability to image the joint in 
multiple planes and the high contrast between bony structures 
and the surrounding soft tissue. Therefore, CT has the ability 
to detect degenerative changes in the facet joints earlier than 
plain radiographs. On CT scan we can see articular joint space 
narrowing with subchondral sclerosis and erosions, osseous 
overgrowth, and/or hypertrophy of the ligamentum fl avum, 
causing impingement of the foramina (Fig.  4 ). Also secondary 
signs including intra-articular gas, joint effusion, and spondy-
lolisthesis can be detected. Synovial cysts can arise, extending 
posterior of the facet joint but also anterior in the spinal canal 
or neuroforamen. Joint traction during subluxation may pro-
duce intra-articular gas (vacuum). These abnormalities associ-
ated with arthrosis can be categorized by CT [ 49 ]. Four grades 
of osteoarthritis of the facet joints were defi ned by Weishaupt, 
adapting the criteria published by Pathria (grade 0, normal; 
grade 1, mild degenerative disease; grade 2, moderate degen-
erative  disease; and grade 3, severe degenerative disease) 
(table  2 ) [ 39 ,  41 ]. This grading system aids objective 

 assessment of disease severity and progression. On the other 
hand, CT has a poor differentiation of soft tissues within the 
spine, and it is not that good in demonstrating cartilage abnor-
malities which may indicate early facet degeneration. In the 
presence of an MR examination, CT is not required for the 
assessment of facet joint degeneration due to relative good 
interobserver agreement [ 41 ]. But once again, abnormal mor-
phology may not necessarily refl ect underlying pathology.

a

d e f

b c

  Fig. 4    Grade 3 facet degeneration (see also Table  2 ) and grade 4 facet 
joint synovitis (see also Table  3 ). Note the good correspondence of 
severe degenerative changes on CT ( a ,  d ) with narrowing of the joint, 
large osteophytes, severe hypertrophy of the articular process, and 
severe subarticular bone erosions and subchondral cysts, with infl am-

matory changes on STIR T2-weighted MRI ( b ) with extensive bone 
edema, which is not visible on regular T2-weighted imaging ( e ). Same 
facet joint shows marked increased uptake on SPECT ( c ,  f ). The  red 
cross  denotes the center of SPECT activity       

    Table 2    Grade criteria for facet degeneration (Pathria, adapted by 
Weishaupt)   

 0  Normal facet joint space (2±4 mm width) 

 1  Narrowing of the facet joint space (<2 mm) and/or small 
osteophytes and/or mild hypertrophy of the articular process 

 2  Narrowing of the facet joint space and/or moderate 
osteophytes and/or moderate hypertrophy of the articular 
process and/or mild subarticular bone erosions 

 3  Narrowing of the facet joint space and/or large osteophytes 
and/or severe hypertrophy of the articular process and/or 
severe subarticular bone erosions and/or subchondral cysts 
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    Magnetic resonance imaging is a noninvasive investiga-
tion that is not associated with exposure to ionizing radia-
tion. MRI is the preferred imaging technique for the diagnosis 
of most spinal diseases as it has a superior delineation of soft 
tissues compared to other imaging modalities. T2-weighted 
sequences are useful in identifying fl uid in facet joint effu-
sions, periarticular cysts, and also better delineate cartilage 
defects. As mentioned before CT and MR are consistent in 
demonstrating morphologic aberrances of the facet joint, but 
MRI is better to demonstrate compression of the thecal sac 
and the fat-fi lled neuroforamen, compressing the nerve roots. 
However, MRI is less sensitive for evaluating cortical anat-
omy, calcifi ed structures, and subchondral sclerosis [ 41 ,  42 ]. 
The role of MR imaging in the evaluation of facet joint 
degeneration, however, is not that clear. Osteoarthritis of 
these joints may be demonstrated in patients who present 
with back pain with or without pain irradiating into the legs 
[ 50 ], but is also a frequent observation in a large percentage 
of asymptomatic patients. Moreover facet joint arthropathy 
defi ned anatomically on MRI and CT does not seem to be a 
signifi cant predictor for the outcome of patients undergoing 
facet joint blocks [ 51 ]. Recent studies suggest that the facet 
joint (unlike the intervertebral disk) is perhaps better exam-
ined in the context of the scientifi c literature on other syno-
vial joints. Normal facet joints with intact capsules may hold 
between 1 and 2 ml of fl uid. A larger effusion may indicate a 
loss of capsular function with subsequent abnormal facet 
joint motion. A positive correlation is found between the 
amount of facet joint fl uid present and the degree of lumbar 
instability [ 52 ]. Chronic degenerative processes in facet 
joints involve active synovial infl ammation, which can be 
detected using MRI with a fat-saturation technique. Facet 
synovitis can be graded, using a grading system (Table  3 ). 
Facet synovitis appears to correlate with the patient’s pain 
[ 53 ]. Moreover synovial abnormalities seem to correlate 
with SPECT fi ndings [ 54 ] (Fig.  4 ).

   The detection of infl ammation in the facet joint may be 
more useful than imaging of joint morphology. Radionuclide 
bone scintigraphy can depict bone areas with increased 
osteoblastic activity, and it can depict synovial changes 

caused by infl ammation or hyperemia. Bone scintigraphy 
also can depict degenerative changes, particularly those that 
demonstrate a high degree of remodeling. The induced radio-
pharmaceutical uptake can vary from subtle to pronounced, 
depending on the metabolic activity and size of the lesions. 
Osteophytes that are in the process of growing exhibit a high 
uptake, whereas mature osteophytes tend to have a normal or 
slightly increased uptake. Abnormalities can be detected ear-
lier with bone scintigraphy than they can be with radio-
graphic methods, and joints observed as abnormal at 
scintigraphy eventually show the most progressive radio-
graphic changes. Joints that are radiographically abnormal 
but normal at bone scintigraphy do not show additional 
deterioration. 

 Anatomic co-localization with computed tomography 
(SPECT/CT) is important because facet joints are anatomi-
cally juxtaposed, the number of vertebral bodies is variable, 
and transitional lumbosacral vertebral bodies are present in 
4–30 % of patients (Fig.  4 ). 

 Several studies show that strictly targeting facet joints 
with increased 99mTc MDP activity instead of using clinical 
localization for percutaneous treatment is predictive of a 
positive response and that use of bone scans can decrease the 
number of treated facet joints [ 55 – 57 ]. 

 Thus SPECT/CT is emerging as an ideal modality for 
imaging the facet joint due to the detail of information it pro-
vides, the ability to accurately localize the site of pain, and 
the possibility to differentiate pars defects or other degenera-
tive changes from facet joint disease. However, its use as an 
appropriate imaging modality should be considered carefully 
given the increased radiation dose in young individuals with 
the benign disease and altered low-dose CT protocols should 
be considered.  

    Radicular Pain 

 Acute lumbar disk herniations are the most common cause of 
acute radicular leg pain. After excluding emergent causes, 
such as cauda equina syndrome, epidural abscess, fracture, 
or malignancy, a 6-week trial of conservative management is 
indicated [ 58 ]. Patients should be advised to stay active. If 
symptoms persist after 6 weeks, or if there is worsening neu-
rologic function, imaging and invasive procedures may be 
considered. Most patients with lumbar disk herniations 
improve over 6 weeks. 

 If a disk herniation is identifi ed that correlates with physical 
fi ndings, surgical discectomy may improve symptoms more 
quickly than continued conservative management. Epidural 
steroid injections can also provide short-term relief [ 58 ]. 

 Herniated disks are more easily detected with MRI than 
with CT for a number of reasons. Firstly, MR imaging allows 
visualization of the complete lumbar (or cervical or thoracic) 

    Table 3    Grade criteria for facet joint synovitis   

 0  No signal abnormality 

 1  Signal abnormality confi ned to joint capsule 

 2  Periarticular signal abnormality involving less than 50 % of 
the perimeter of the joint a  

 3  Periarticular signal abnormality involving more than 50 % 
of the perimeter of the joint a  

 4  Grade 3 with extension of signal abnormality into the 
intervertebral foramen, ligamentum fl avum, pedicle, 
transverse process, or vertebral body 

   a Signal abnormality may extend into the articular pillar or lamina, but 
does not contribute to the defi nition of the grade  
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spine in one examination. Secondly, sagittal images also 
depict the spinal canal in between intervertebral disk spaces. 
It is not unusual for a disk fragment to migrate (or extend) 
into the area behind the vertebral body. Some of these 
migrated disks can be missed on CT if axial slices are limited 
to the intervertebral disk spaces examined. Finally, the intrin-
sic tissue contrast is usually better on MR. Especially the 
lumbosacral region can be hard to assess on CT due to beam 
hardening, especially in larger patients. 

 Chronic radicular pain can be caused by a disk herniation, 
but also vertebral osteophytic spurs, degenerative osteo-
phytic facet spurs and facet hypertrophy, and degenerative 
foraminal stenosis are an important cause of nerve root irrita-
tion. Foraminal nerve root entrapment is best visualized on 
T1-weighted MRI where the high contrast between fat tissue 
and the nerve root sheath is of great help. Usually a combina-
tion of hypertrophic degenerative facets with osteophytic 
spurs posteriorly, and vertebral osteophytes and/or disk her-
niation anteriorly, diminishes the anteroposterior diameter of 
the foramen. Foraminal height is lessened by degenerative 
disk disease and subsequent disk height loss. Whenever the 
normal rounded (oval) appearance of the nerve root sheath is 
lost in combination with loss of the surrounding fat tissue, 
nerve root compression should be considered.     
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