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Introduction 

Low back, buttock, groin, and referred lower extremity pain is common. 
The tissue origin of pain is typically a deep sh'ucture resulting in somatic 
referred pain distinguishable from radicular pain. It is commonly 
stated that 85% or more of patients have a 'nonspecific' source of pain 
(Nachemson & Jonsson 2000, van Tulder et al 1996, 1999, Waddell 
1998), with the implication that diagnosis of the tissue origin of pain 
is not possible. Prior to the 1990s, this attitude had a real basis in fact. 
The Quebec Task Force on Activity-Related Spinal Disorders found that 
current methods of diagnosis were umeliable (Spitzer 1987). At that time, 
the clarity of diagnostic definitions and clinical criteria were confUSing, 
contradictory and unsubstantiated. This problem persists, but in the last 
15 years many of these difficulties have been examined using increasingly 
rigorous methods resulting in a greater understanding of the need for a 
diagnosis, and the means by which this may be achieved. This chapter 
outlines the current status of clinical diagnostics in the lumbar spine and 
pelvis and the reference standard methods of diagnosis of the source 
and causes of persistent lumbopelvic and referred lower exh'emity pain. 
Details are provided for the diagnostic accuracy of demographic, history, 
clinical finding, and test variables that have been evaluated in appropriate 
diagnostic studies. 
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The sources of chronic 
lumbopelvic and lower 
extremity pain 

With the exception of painfu l hip joint pathologies, 
lower extremity pathologies are characterized by a 
small area of pain distribu tion, local signs, and pain 
provocation with specific movements. The hip joint 
can refer pain into the thigh and lower leg, but 
dominant pain is usually in the groin or hip region. 
Lower extremity pain referred from a disc, zyga­
pophyseal joint (ZJ) or sacroiliac jOint (SIJ), is 
characterized by dominant pain above the hip with 
dull aching pain of somatic referral diminishing in 
intensity the further it radiates into the limb. Nerve 
root/radicular pain produces dominant pain in the 
limb, with a sharp, twingeing, lancinating character 
in the distribution of a spinal segment. With the 
exception of the nerve root, the deep lumbar 
structures all produce similar pain and in similar 
distributions. 

The most common structural sources of chronic 
low back pain (LBP) are the intervertebral disc, the 
ZJs and the SIT (Bogduk 1995) . These structures refer 
pain into the pelvis, groin, and lower extremity. 
When lower extremity pain is dominant, lower 
extremity pathology must be excluded but might 
be referred from a lumbosacral nerve root and 
associated dura mater. 

The frequency of disc, ZJ, SIT, and nerve root pain 
varies considerably depending on the patient popu­
lation. However, approximate proportions may be 
estimated, based on available evidence (Table 28.1). 

Sources of chronic low back 
and somatic referred pain

. . 
Lumbar intervertebral disc 

The outer laminae of the annu lus fibrosis and 
the vertebral endplates that form the inferior and 

superior boundaries of the intervertebral disc 
space are innervated by the sinuvertebral nerves, 
branches of the lumbar ventral rami and the gray 
rami communicantes (Bogduk & Twomey 1987, 
Bogduk et a11981, Fagan et al 2003). Consequently, 
these structures are capable of producing back pain 
and somatic referred pain into the lower extremity 
(Brismar et al 1996, O'Neill et al 2002, Ohnmeiss 
2002, Ohnmeiss et al 1997, Sehgal & Fortin 2000, 
Weinstein et aI1988). The original concept of internal 
disc disruption (IDD) (Crock 1986) was proposed 
to account for cases of disc pain with biochemical 
factors as the basis of painful pathology, rather 
than the mechanical aspects of disc herniation or 
protrusion. Evidence of biochemical substrates 
for pain within the disc have been found (Brown 
et al 1997, Weinstein et al 1988) and it is known 
that the nucleus is a potential irritant of the nerve 
roots (Olmarker et al 1993). Based on a consecutive 
series of chronic LBP patients receiving provocation 
discography, 39% (95%CI 29, 49) of patients will 
have IDD (Schwarzer et aI1995b). 

Lindblom introduced discography in 1948. 
The technique involves penetration of the inter­
vertebral disc under fluoroscopic guidance and 
introduction of contrast material into the disc 
core, to provide a nucleogram (Fig. 28.1). The key 
diagnostic factor is hydrau lic distension of the 
disc to ascertain if it is mechanically sensitive, i.e. 
if the patient reports reproduction of the usual or 
familiar pain. Postdiscography axial CT images 
are acquired within one hour so that the pattern of 
annular fissuring is described (AprillI997). A high 
incidence of false positive responses to discography 
in an asy mptomatic population was repor ted in 
1968 (Holt 1968) . The results of that s tudy were 
re-eva luated and criticized on the basis that the 
subjects were prison inmates offered incentives 
to participate and other methodological flaws 
(Simmons et al 1988). The clinical and academic 
community remains polarized regarding the value 
of discography with proponents and detractors 

Table 28.1 Sources of low back, pelvis or referred lower extremity pain 
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d or 
ages seemingly equally convinced of their positions 
nof (Bogduk & Modic 1996). Although discography 
1igh does appear to be painless in asymptomatic indivi­
phy duals (Walsh et al 1990), psychologic dish'ess does 
:l in confound interpretation of the pain response during 
vere hydraulic distension (Block et al 1996). Further 
the evidence has been published concerning the problem 

ives of false-positive discography in normal subjects 
aws (Carra gee et al 2000), but this too has been criticized 
mic because of methodological limitations, such as lack 
due of adherence to the International Association for the 
tors Srudy of Pain (IASP) criteria for discography and 

reaching inappropriate conclusions from insufficient 
case numbers (Bogduk 2001). It appears that 10D 
is inherently associated with psychosocial distress. 
In Crock's original proposition, 100 could lead 
to depression and other signs of systemic illness 
through auto-immune reactions (Crock 1986). Subse­
quent research has shown that back pain patients 
with positive discograms are more distressed than 
patients with other serious causes of back pain such 

~5 	 as symptomatic isthmic spondylolisthesis coming 
to surgery, and chronic vertebral osteomyelitis 
before diagnosis and treatment (Carragee 2001). 

Regardless of the difficulties with, and contro­
versy surrounding diagnostic discography, it 
remains the only means of directly challenging 
the intervertebral disc to detect if it is a source of 
LBP (Anderson 2004, Bogduk & McGuirk 2002, 
Executive Committee of the North American Spine 
Society 2004, Merskey & Bogduk 1994). 

Lumbar zygapophyseal (facet) joints 

The lumbar zygapophyseal joint (ZJ) is innervated 
by the medial branches of the dorsal rami emerging 
at the same segmental level, and the level above 
(Bogduk 1983). Identification of the ZJ as a source of 
LBP rests on the introduction of local anesthetic into 
the joint space (Fig. 28.2), or by performing nerve 
blocks to the medial branches of the dorsal rami at 
the two segmental levels supplying each joint. 

Based on intra-articular injection of contrast 
and local anesthetic under radiographic guidance, 
an initial prevalence for ZJ-mediated back pain 
was 62% (Mooney & Robertson 1976). It was later 
realized that the capacity of the joint was less than 
the volume of injectate used in the 1976 study, and 
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Fig. 28.2 Anteroposterior radiograph of intra-articular 
injection of contrast into the left L4--L5 zygapophyseal joint. 
(Courtesy of Charles N Aprill MD.) 

decompression into the epidural space might have 
caused many false-positive responses (Moran et 
al 1988). Using fluoroscopic control and minimal 
volumes of injectate, the incidence of ZJ-mediated 
back pain was revised to about 17% of back pain 
patients (Moran et al 1988) or even less than 10% 
(Jackson et al 1988). More recent studies have 
shown that fal se-positive responses are about 30% 
(Manchikanti et a12000b, Schwarzer et a11994b) and 
the use of placebo-controlled or comparative double 
blocks is now considered best practice (Bogduk 
1997b, Dreyfuss et al 2003). There is also evidence 
that wha tever the cause of false-positive responses, 
somatization, depression, and generalized anxiety 
disorders are not responsible (Manchikanti et al 
2001). Using these guidelines, the prevalence of 
ZJ-mediated pain in a general chronic back pain 
population is approximately 15% (Schwarzer et al 
1995c), although in older populations the prevalence 
can be as high as 40% (Manchikanti et al 1999, 
Schwarzer et aI1994a). However, it is clear that the 
prevalence of pain of purely ZJ origin is low: about 
4% (Schwarzer et aI1994a). 

Sacroiliac joints 

The SIJ is capable of small ranges of motion; this 
range of motion is not related to the presence 
or absence of pain (Sturesson 1999, Sturesson et 
al 1989). It receives innervation from the LS-S4 
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segments (Grob et al 1995, Willard 1997) and is (\ 
capable of producing pain (Fortin et a11994a, 1994b, th 
Vilensky et al 2002). Identification of the SIJ as a in 
source of LBP is dependent on su bstantial pain relief es 
following intra-articular injection of local anesthetic Ri 
into the joint space (Dreyfuss et al 1996, Fortin et la 
al 1994a, Merskey & Bogduk 1994, Schwarzer et al th 
1995a) (Fig. 28.3) . (t1 

Although it can be presumed that false-positive in 
responses to an initial injection occur in the same tel 
way as for ZJ blocks, standards are not as well ra 
established in the case of the SIJ. Single blocks 19 
(Dreyfuss et a11996, Schwarzer et a11995a, Slipman pc 
et a11998) and double comparative blocks (Laslett et co 
a12003, Maigne et a11996) have been used in recent ke 
studies but the false-positive rate for single blocks is ar 
not established. Estimates of the prevalence of SIJ­ sk 
mediated pain vary widely from < 1 % (Cyriax 1975 tel 
p 546) to a range from 3.5% (Laslett 1997) to 30% th 
(Bernard & Cassidy 1991, Schwarzer et aI1995a) . In de 
a review of the current literature, Bogduk estimated & 
the prevalence to be in the vicinity of 13% (Bogduk nc 
1995), which is consistent with the estimated or 
prevalence of 12% in a pregnant population (Albert de 
et al 2002). The relationship between the concepts ro, 
of pelvic girdle pain and SIJ-mediated pain is ro, 
unclear. In studies of pelvic girdle pain, symphysis te1 
pubis disorders are commonly associated with m( 

peripartum musculoskeletal problems. Albert et al 
al (2000) make this distinction, but in a study of th, 
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one pain provocation test, bstgaard et al (1994a, 
1994b) referred only to 'posterior pelvic pain.' The 
latter authors considered symphysis pubis pain as 
irrelevant, arguing that there was no definable SIJ 
syndrome and considering posterior pelvic pain to 
be a more reasonable description of this subgroup 
of peripartum patients. The symptoms, signs, and 
clinical tests used to identify posterior pelvic pain 
syndrome are essentially the same as those used 
to clinically identify SIJ-mediated pain. In my 
opinion, it is likely that after exclusion of pain in 
the symphysis pubis, posterior pelvic pain and SIJ 
pain are the same clinical entity. 

Nerve root (radicular) and dura 
mater 

The nerve root and dura mater are capable of 
producing pain (Edgar & Nundy 1966, Garfin et 
al 1995, Groen et al 1988, 1990, Hunt et al 2001, 
Kallakuri et al 1998, Olrnarker et al 1993, Rydevik 
2002, Rydevik et aI1984). The reference standard of 
diagnosis is essentially based on clinical findings 
(Vroomen et a11999) but clear distinctions between 
the concepts of somatic referred pain, nerve root 
irritation (radicular pain) and radiculopathy are 
essential (Bogduk & McGuirk 2002 p 28-30). 
Radicular pain is identified by its character (sharp/ 
lancinating), myotomallocation (a narrow band in 
the distribution of a spinal nerve), dominant location 
(the pain is dominant in the area of distribution, not 
in the back or buttock), and response to nerve tension 
tests [the radiating pain is provoked by straight leg 
raise (SLR) or femoral nerve tension tests1(Waddell 
1998 p 17-19). Radiculopathy is not inherently 
painful but is evidence of interrupted nerve 
conduction. It is identified clinically by examining 
key muscles for weakness, the tendon reflexes for 
areflexia, and light touch sensitivity for anesthetic 
skin in a dermatomal distribution. Electrodiagnostic 
tests of nerve function can be used to augment 
these findings. Although the dura mater is stressed 
during tension testing of the neural structures (Hall 
& Elvey 1999), it will provoke somatic referred pain, 
not radicular pain. Thus, it is likely that local back 
or buttock pain provoked during tension tests is of 
dural origin, whereas peripheral pain in the nerve 
root distribution is likely to be mediated by nerve 
root irritation. A variation of the SLR test, the slump 
test (Maitland 1985, Philip et a11989) adds cephalad 
movement of the cord with spinal flexion (Lew et 
a11994) to the SLR and might be more informative 
than Lasegue's original description (Deville et al 

2000). Selective epidural injection (Lieberman 2000, 
Stitz & Sommer 1999) is nonspecific as a diagnostic 
test (Cannon & Aprill 2000, Govind 2004, Narozny 
et al 2001, Saal 2002) but absence of temporary pain 
relief following fluoroscopically guided epidural 
anesthesia suggests that pain of nerve root and dura 
mater origin is unlikely. 

Pathoanatomic causes of 
low back and referred lower 
extremity pain 

• ••• ,. '. 'l .... '-' '' . tot! 
Herniated lumbar disc causing 
radiculopathy 

The most common cause of radicular pain and 
radiculopathy is a herniation of intervertebral 
disc material. Typically, the reference standard 
for diagnosis used in most past studies of 
diagnostic accuracy for clinical tests has been 
surgical demonstration of herniated disc material 
compressing a nerve root. Since the advent of 
advanced imaging techniques (CT and MRI), clinical 
evidence of radicular pain and radiculopathy 
with confirmatory imaging is now considered the 
reference standard diagnosis for herniated lumbar 
disc causing radiculopathy (Waddell 1998). A 
negative MRI study effectively rules out a herniated 
disc as a cause of radiculopathy. Although the 
prevalence of disc bulges, protrusions, and hernia­
tions in age- and sex-matched symptomatic and 
asymptomatic patients is similar, evidence of disc 
extrusion is strongly correlated with radiculopathy 
and radicular pain (specificity 87%) (Boos et al 
1995). Consequently, imaging results must not 
be taken out of context of the history and clinical 
findings (Nachemson & Vingard 2000 p 234). The 
images confirm the diagnosis only if the imaging 
results clearly match the clinical findings. 

Lumbar spinal stenosis 

There is no gold standard method of diagnosis 
(Katz et aI1995). Spinal stenosis is a collective term 
that relates to evidence of narrowing of the central 
spinal canal or the exit foramina for the exiting 
lumbar nerve roots (Nachemson & Vingard 2000 
p 214-216). Contrast myelography has largely been 
replaced by CT and MRI for diagnosis because 
they can provide quality visualization of the spinal 
canal and forarninae with less risk. Age-related 
structural changes are the most common causes of 
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spinal stenosis (Katz et al 1995) but some patients 
have a constitutionally narrowed foramen and are 
more susceptible to the development of symptoms 
(Spivak 1998). Spinal stenosis is not a heterogen­
eous condition but can be subdivided into three 
categories: (1) central spinal stenosis; (2) lateral 
stenosis; and (3) foraminal stenosis (Postacchini 
1999, Spivak 1998) . 

The finding of spinal stenosis on images is not 
diagnostic of a patient's complaint of back and 
referred lower extremity symptoms. At least 20% 
of individuals over the age of 60 have anatomical 
stenosis but are asymptomatic (Bozzao et al 
2004). It has been emphasized that the diagnosis 
of symptomatic spinal stenosis rests on the history 
and clinical examination findings with appropriate 
imaging findings used for confirmation (Fritz et al 
1998, Katz et al 1995, Kent et al 1992, Porter 1996, 
Radu & Menkes 1998, Spivak 1998). 

The diagnostic accuracy of 
imaging, history, demographic, 
and physical examination 
variables in relation to 
reference standards 

There are two important aspects to estimating the 
diagnostic value of clinical tests: 
1. 	 Reliability: interexaminer reliability is the 

degree to which different examiners agree on 
the result from a test when applied to the same 
patient. 

2. 	 Validity: the degree to which a test is able to 
identify the target disease, when the disease 
is known to be present (sensitivity), and the 
degree to which the test is able to identify cases 
known to be free of the disease (specificity). 

This section considers interexaminer reliability and 
validity separately for each of the most common 
causes and sources of pain: disc, ZJ, SlJ, nerve root, 
and spinal stenosis. Data are scattered throughout 
the literature of the last 30 years and the quality 
of many studies is questionable in the light of 
current reporting standards for diagnostic studies 
(Bossuyt et al 2003, Irwig et al 2002). Generally, 
95% confidence intervals are not reported in older 
studies, many of which do not provide the raw data 
or summaries of data that allow for postpublication 
reanalysis. Estimates of sensitivity and specificity 
are provided in the following tables with 95 % 
confidence intervals where available, or when 
sufficient raw data have permitted calculation. 

In some instances an estimate of interexaminer 
reliability is available. The appropriate statistic 
for most assessments of interexaminer reliability 
is Cohen's kappa, because it accounts for chance 
agreements. It ranges in value from -1.0 to +1 .0, 
where 0.0 reflects chance agreement, -1.0 reflects 
perfect disagreement between observers and +1.0 
reflects perfect agreement (Fleiss 1981) . Kappa 
scores in excess of 0.0 reflect agreement better than 
chance. Kappa scores between +0.21 to +0.40 reflect 
'slight agreement'; +0.41 to +0.60 reflect 'moderate 
agreement'; +0.61 to +0.80 'good agreement'; and 
+0.81 to + 1.00 'excellent agreement' (Landis & 
Koch 1977). 

Clinical features suggesting 
discogenic pain 

Validity and reliability data are available for some 
clinical tests. Centralization, peripheralization, or 
the identification of a directional preference during 
a standardized repeated movements examination 
(Donelson et al 1991, McKenzie & May 2003, 
Werneke et al 1999), have a relationship to pain 
provocation during discography. The repeated 
movement examination utilizes, but is not limited 
to, assessment of pain intensity and distribution 
before, during, and after, single and sets of standard­
ized movements. The movements are: standing 
flexion, standing extension, supine flexion (knees-to­
chest), prone extension (the half push-up), rotation in 
flexion and lateral flexion in standing (side-gliding) 
(Fig. 28.4). Table 28.2 presents the data available 
from the literature on the diagnostic accuracy of 
the clinical findings in relation to pain provocation 
during discography. Figure 28.5 graphically illus­
trates the centralization phenomenon and its 
opposite behavior: peripheralization. 

Clinical features suggesting 
facetogenic pain 

Although pain arising from the ZJs was once 
thought to be common (Mooney & Robertson 1976), 
subsequent research has shown otherwise. There 
is evidence that no clinical 'facet syndrome' exists 
(Jackson 1992, Schwarzer et al 1994a). However, a 
cluster of clinical variables ('Revel's criteria') were 
found to have sensitivity of 92% and specificity of 
80% in relation to a 75% reduction in pain following 
a single ZJ block (Revel et al 1998), although 
this has not been confirmed (Laslett et al 2004). 
Furthermore, evaluation against double ZJ blocks 
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From left to right 
1. Standing fiexion 
2. Standing extension 
3. Right side gliding 
4. Side gliding/overpressure 
5. Supine flexion 
6. Prone extension 
7. Asymmetic extension 
8. Right rotation in flexion 
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Fig. 28.4 Standardized test movements used in the repeated movements assessment for centralization, peripheralization 
or directional preference. (© University of Link6ping , Sweden.) 

Centralization :> 

Peripheralization 


Fig. 28.5 Graphic representation of centralization and peripheralization of pain during repeated movements assessment. 
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Table 28.2 Diagnostic accuracy data of the clinical findings in relation to pain provocation during discography 

Validity Reliability 

Variables % Sens (95% el) %Spec (95% el) Kappa (95% el) References 

Centralization or 94* 52* Donelson et al 1 997, 
peripheralization (82,98) (34,69) Bogduk 1997a* 

Centralization (CP) 	 92 64 0.72 Donelson et al1g9r, 
(75,98) (43,80) (0.35,1.1) Laslett et al 2005b, 
25 96 0.79 Kilpikoski et al 2002, 
(15, 37) (81,99) (0.78,0.81) Fritz et al 2000 

Peripheralization 	 69* 64* Donelson et al 1 997 
(44,86) (43,80) Laslett 2005 
11 79 
(5,22) (60, 91) 

Directional 	 49 91 0.54 Laslett 2005, 
preference (37,62) (73,98) (0.12, 0.97) Kilpikoski et al 2002 

High intensity zone 63 97 0.96 Aprill &Bogduk1 992, 
(MRI T2 weighted) (51, 74) (88,99) (0.89, 1.00) Smith et al 1998 
vs exact or similar 0.57 
pain production (0.44,0.70) 
discography 

High intensity zone 81 79 Lam et al 2000 
(MRI) vs exact or 
similar pain 
production 

Vibration vs 	 71 63 0.89 Yrjama &Vanharanta 
discography (55,83) (41,81) (0.82, 0.96) 1994 

Moderate or major 27 88 Laslett et al 2006b, 
loss of lumbar (18, 38) (73,95) Laslett 2005 
extension 

History of PPE 	 32 92 Laslett et al 2006b, 
(22,44) (75,98) Laslett 2005 

Patient report of 41 83 Laslett et al 2006b, 
VABLE (30,53) (64,93) Laslett 2005 

Anyone of Eloss, 69 66 Laslett et al 2006b, 
PEP orVABLE (58,79) (47,82) Laslett 2005 
is present 

Anyone of Eloss, 80 50 Laslett et al 2006b, 
PEP, VABLE or (70,88) (31, 69) Laslett 2005 
Cp, is present 

'calculated from data in original report. 

%Sens, % sensitivity; %Spec, % specificity; Cp, centralization; MRI, magnetic resonance imaging; PPE, persistent pain 

between episodes; VABLE, vulnerability in the neutral zone. 


http:0.44,0.70
http:0.78,0.81
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has shown that Revel's criteria are not predictive of 
a positive response (Manchikanti et aI2000a). Table 
28.3 presents available data for diagnostic accuracy 
of clinical findings in relation to a double anesthetic 
block reference standard. 

In essence, ZJ pain is more frequent in patients 
over 55 years. The high sensitivities for absence of 
pain with coughing, absence of pain in the spinal 
midline (Schwarzer et al 1994a), and no pain 
with the extension rotation test permit a statistical 
'SnNout' (Sackett et al 2000), i.e. ZJ pain can be 
ruled out in the presence of coughing pain, midline 
pain, or pain-free extension rotation. 

Clinical features suggesting 
sacroiliac joint pain 

Clinical tests for S1J ' dysfunction' are based on 
observation of observed abnormalities or asym­
metries of position or motion (Magee 1992 p 309­
328, van der Wurff et aI2000a). Typically, these tests 
require training in palpation skills. Clinical tests 
for SIJ pain are based on maneuvers intended to 
stress the SI joints and thus provoke familiar pain 
(Cyriax 1975 p 549-554, Magee 1992 p 309-328). 

Reliability of motion and mobility palpation tests 
are characterized by poor interexaminer reliability 
(CarrnichaeI1987, Freburger & Riddle 1999, Herzog 
eta11989, Meijne eta11999, O'Haire & Gibbons 2000, 
Potter & Rothstein 1985, Strender et a11997, van der 
Wurff et al 2000a). Pain provocation tests generally 
perform better in reliability studies (Kokmeyer et 
al 2002, Laslett & Williams 1994, Potter & Rothstein 
1985, van der Wurff et al 2000a). Multi test regimes 
do appear to be more reliable (Cibulka & Koldehoff 
1999, Kokmeyer et al 2002), although the thigh 
thrust test [also called the PPPP test (bstgaard 
et al 1994a)] and Gaenslen's test appear to satisfy 
stringent evaluations for reliability (van der Wurff 
et aI2000a). 

The validity of clinical tests for SIJ pain has been 
studied in a number of studies using a variety of 
designs. With the exception of one study (bstgaard 
et aI1994a), methodological quality was inadequate 
(van der Wurff et al 2000b). This one high-quality 
study used'a history of posterior pelvic pain in 
pregnant women' as a reference standard, which has 
limited value in my opinion. A satisfactory reference 
standard for SIJ pain is a problem. Controlled intra­
articular anesthetic blocks are the accepted reference 
standard for intra-articular sources of pain (Fortin 

Table 28.3 Diagnostic accuracy of clinical findings in relation to an anesthetic block reference standard 

Validity Reliability 

Variables %Sens (95% Cil %Spec (95% Cll Kappa References 

5/7 Revel's criteria 13 84 66 Manchikanti et al 2000a, 
(4-100) Petersen et al 2004 

Absence of pain 90 13 Manchikanti et al 2000a 

coughing 

Age over 65 21 85 Manchikanti et al 2000a, 
39 85 Laslett 2005 
(18,64) (77,90) 

Ext/rotation test 100 12 Schwarzer et al 1994c, 
paina (87,100) (7, 18) Laslett et al 2006a 

90 35 
(60,98) (26,46) 

Walking is best 31 92 Laslett et al 2006a 
(13, 58) (85,96) 

Sitting is best 33 90 Laslett et al 2006a 
(14, 61) (82,94) 

% Sens, % sensitivity; %Spec, % specificity. 

aThe extension rotation test was also evaluated by Manchikanti et al (20ooa) with results quite different to Schwarzer et 81 

(1994) and my own results. 
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et a11994a, Merskey & Bogduk 1994) but cannot be 
expected to identify or rule out extra-articular SI] 
sources of pain (Laslett 1998, Maigne et al 1996). 
Since the van der Wurff et al review, results from 
a study comparing provocation SI] tests with intra­
articular blocks have been published (Laslett et al 
2003, 2005a) . Table 28.4 presents relevant data from 
that study and selected results from other studies 
on diagnostic accuracy of clinical findings. 

Whereas Maigne et al (1996) state that the 
distraction, compression, sacral thrust, Gaenslen, 
Patrick, resisted hip external rotation, and symphysis 
pubis pressure tests were not useful predictors of 
double blocks, these au thors did not provide da ta and 
did not report on composites of tests. Also, Slipman 
et al (1998) report that the Patrick, shear, standing 

extension, Gaenslen, Yeoman, sacral sulcus pressure 
tests or any combination were not predictive of a 
response to a single S1] block; however, they did not 
provide data either. Figures 28.6 to 28.10 depict the 
five pain provocation tests: distraction, thigh thrust, 
Gaenslen' s test, compression, and sacral thrust used 
in my studies. 

Clinical features suggesting 
radicular pain/radiculopathy 
secondary to a herniated 
lumbar disc 

Tests used to make this diagnosis have been eval­
uated in a number of studies. Table 28.5 presents 

Table 28.4 Diagnostic accuracy data for clinical findings in relation to anesthetic blocks to the SIJ 

Validity Reliability 

Variables % Sens (95% GI) %Spec (95% GI) Kappa (95% GI) References 

'" 3 positive 91 83 0.65 Laslett et al 2003, 
provocation SIJ (62,98) (68,96) (0.41, 0.89) Petersen et al 2004 
tests in 
non-centralizers 

At least 1 positive 100 44 0.52-0.89 Laslett et al 2005a, 
SIJ test (81, 100) (28,61) (0.26, 1.01) Laslett & Williams 1994 

At least 2 positive 93 66 0.52-0.89 Laslett et al 2005a, 
SIJ tests (72,99) (48,80) (0.26, 1.01) Laslett & Williams 1994 

At least 3 positive 94 78 0.52-0.89 Laslett et al 2005a, 
SIJ tests (72,99) (61,89) (0.26, 1.01) Laslett & Williams 1994 

At least 4 positive 60 81 0.52-0.89 Laslett et al 2005a, 
SIJ tests (36,80) (65,91) (0.26, 1.01) Laslett & Williams 1994 

At least 5 positive 27 88 0.52-0.89 Laslett et al 2005a, 
SIJ tests (11,52) (72,95) (0.26, 1.01) Laslett & Williams 1994 

Any two provocation 88 78 0.52-0.89 Laslett et al 2005a, 
SIJ tests of D, C, (64,97) (61,89) (0.26, 1.01) Laslett & Williams 1994 
n , sc 

Sacral sulcus 95 9 Dreyfuss et al 1 996 
tenderness 

Better with 54 78 Dreyfuss et al 1996 
manipulation (36,70) (55,91) 

Quantitative 46 89 Maigne et al 1 998 
radionuciide 
bone scanning 

% Sens, % sensitivity; %Spec, % specificity; C, compression test; cO, distraction test; S, sacral thrust test; SIJ, sacroiliac 
joint; IT, thigh thrust test. 

s 
1 
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Fig. 28.6 Distraction sacroiliac joint provocation test. 
(Reproduced with permission from Laslett et al 2003.) 

Fig. 28.7 Thigh thrust sacroiliac joint provocation test. 
(Reproduced with permission from Laslett et al 2003.) 

the data available from the literature on diagnostic 
accuracy of clinical findings in relation to the 
reference standard of surgical findings. 

It can be seen that, with the exception of an MRI 
showing neural compromise, all tests have either 
higher sensitivity or high specificity. Most of the 
tests for neurologic deficit have high specificity 
but low sensitivity because of several factors. A 

Fig. 28.8 Gaenslen's sacroiliac joint provocation test. 
(Reproduced with permission from Laslett et al 2003.) 

Fig. 28.9 Compression sacroiliac joint provocation test. 
(Reproduced with permission from Laslett et al 2003.) 

lumbar disc herniation can compress anyone of 
the lumbar nerve roots depending on its particu­
lar pathoanatomy. Consequently, weak dorsi­
flexion, for example, is sensitive and specific to 
L4 root compression but will be 'negative', i.e. 
insensitive, to Sl root compression. As a single 
sign, it is therefore insensitive to herniated discs 
compressing anyone of several nerve roots, but 
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Fig. 28.10 Sacral thrust sacroiliac jOint provocation test. 
(Reproduced with permission from Laslett et al 2003.) 

as the great majority of radiculopathies are caused 
by herniations, it is highly specific to that disorder. 
The SLR test is sensitive but not specific because the 
majority of herniated discs produce a positive test, 
but specificity is low because there are many other 
different causes for a positive SLR. For example, a 
hamstring strain will produce a positive SLR. 

Clinical features suggesting 
symptomatic spinal stenosis 

While a pattern of neurogenic (pseudo) claudication 
is regarded as a key feature of symptomatic spinal 
stenosis, nearly 30% of patients with the diagnosis 
are not worse with walking. In addition, pain below 
the knee is also commonly associated with the 
diagnosis, but 30-60% do not have this symptom 
(Katz et al 1995). Table 28.6 provides data available 
from the literature for the diagnostic accuracy of 
clinical findings mostly in relation to findings during 
surgical decompression and surgical outcomes. 

In one study (Katz et al 1995), multivariate 
analysis using age, no pain when seated, wide­
based gait and thigh pain with 30 seconds of lumbar 
extension, predicted 49% of the variance in experts' 
confidence that spinal stenosis was the cause of 
pain. All patients where these experts were more 
that 80% confident that stenosis was the cause of 
pain had MRI or CT confirmation of the diagnosis. 

What should be included in the 
clinical evaluation of back pain 
patients? 

All patients should receive a comprehensive 
evaluation that includes basic diagnostic triage 
(Waddell 1998 p 9-25). This includes consideration 
of possible serious causes of lumbopelvic pain 
(Bogduk 2002 p 128). 

Different clinicians use different methods and 
have different objectives. However, to fully utilize 
those data items with an evidential base for their 
diagnostic accuracy, the following variables should 
be included: 

Demographic variables 

• 	 Age, occupation, social history. 

Questions in the history 

Medical and social history 
• 	 Some measure of disability a~d/or distress 

(questionnaires) . 
Other diseases/medical conditions. 

Pain onset 
• 	 Trauma? 
• 	 Original pain location. 

Pain distribution 
Widespread pain/ anatomic location. 
Is pain dominant in the spinal midline? 
Pain below the buttocks. 

• 	 Pain below the knees. 
• 	 Is pain dominant below the gluteal fold? 

Pain quality 
• 	 Diffuse/ aching. 

Lancina ting/ twingeing. 

Pain response to activity 
• 	 Pain with walking/claudication. 

Positions and activities that are best and worst 
for symptoms. 
Positions and activities that influence pain 
intensity and distribution. 
Consistent? 

• 	 Does pain change location? 
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Table 28.5 Diagnostic accuracy data of clinical findings in relation to the reference standard of surgical findings of 
herniated disc causing radiculopathy 

Validity Reliability 

Variable % Sens %Spec Kappa (95% CI) References 

Ipsilateral SLR 	 91 26 0.36-0.81 Deville et al 2000, 

(82,94) (16,38) McCombe et al 1989 


Contralateral SLR 	 29 88 -0.02-0.74 Deville et al 2000, 
(cross SLR) 	 (24,34) (86,90) McCombe et al 1989 

Weakness ankle DF 20-49 54-82 0.35-1.00 	 Hakelius 1970, McCombe et al 
1989 

Weakness ankle PF 60 95 0.02-0.65 	 Hakelius 1970, McCombe et al 
1989 

Weakness EHL 37 71 0.29-0.65 	 Hakelius 1970, McCombe et al 
1989 

Quads weakness 10 99 0.04-0.85 	 Hakelius 1970, McCombe et al 
1989 

Ankle reflex weak 50-52 62-63 0.20-0.39 	 Hakelius 1970, Spangfort 1972, 
McCombe et al 1989 

Patellar reflex weak 40-70 93-97 0.13-0.23 	 Hakelius 1970, Spangfort 1972, 
McCombe et al 1989 

Sensory loss 66 51 0.53-0.68 	 Kosteljanetz et al 1988, 

McCombe et al 1989 


MRI shows disc 96 24 0.74 Boos et al 1 995 

herniation 


MRI shows neural 83 87 0.90 Boos et al 1 995 

compromise 


MRI shows disc 96 15 0.90 Boos et al 1 995 

degeneration 


MRI shows extrusion 	 41 87 0.90 Boos et al 1 995 

Depression 	 54 85 Boos et al 1995 

% Sens, % sensitivity; %Spec, % specificity; EHL, extensor hallucis longus; MRI, magnetic resonance imaging; PF, plantar 
flexion; SLR, straight leg raise. 

Physical examination 	 Neurological screening examination 
• 	 Motor / tendon reflex deficit. 

Observation • 	 Sensory loss. 
• 	 Idiopathic scoliosis. 

Use of walking aids/wheelchairs. Specific tests 
Vulnerability in neutral zone/ supporting SLR test: 
weight in flexion . provokes back or leg pain? 

Avoidance of neutral zone, jerky, uncontrolled 
 cross leg sign 

motion. 
 at least four SI] provocation tests (see 

Figs 28.6-28.10): preferred are distraction, 
Repeated movements testing (see Fig. 28.4) thigh thrust, compression, sacral thrust. 
• 	 Centralization (see Fig. 28.5). Gaenslen' s and Faber have va lue. 
• 	 Directional preference (see Fig. 28.5). • Active SLR test. 

http:28.6-28.10
http:0.53-0.68
http:0.13-0.23
http:0.20-0.39
http:0.04-0.85
http:0.29-0.65
http:0.02-0.65
http:0.35-1.00
http:0.02-0.74
http:0.36-0.81
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Imaging 

Radiographs 
Recent trauma. 
Screen for possible red flag condition. 

MRlorCT 
Suspected herniated disc. 
Suspected spinal stenosis. 
Suspected red flag condition. 

Clinical application 

Many items from the history and clinical exam­
ination can be used in a clinical reasoning process 
leading to improved certainty about the source 
and cause of back and referred pain. Fig. 28.11 
presents a proposed algorithm that utilizes those 
data items for which evidence exists regarding their 
predictive value. It begins with questions that rule 
out serious pathologies (Bogduk & McGuirk 2002 
p 35-39), and nerve root pain (see above). Pain 
associated with hip joint pathology is revealed 
when hip joint movements provoke pain rather 
than lumbar spine movement and some SIJ tests 
(distraction, compression, and sacral thrust). The 
next step is to utilize information from the repeated 
movements evaluation (McKenzie & May 2003). If 
the symptoms can be made to centralize, or if there 
is a clear directional preference to one movement 
direction, disco genic pain is highly likely. In this 
event, further diagnostic procedures are unnecessary 
because an effective treatment strategy is available 
(Long et al 2004, Werneke & Hart 2001, 2003). The 
next step is to use information from SIJ provocation 
tests. 1£ three or more provoke the pain, SIJ pain 
is highly likely. If there is a need to establish the 
SIJ as the source of pain, SIJ blocks are required. 
The next step is to consider the location of the 
dominant pain complaint. If midline pain is 
dominant, SIJ and ZJ pain are highly unlikely, 
leaving the disc as the probable source of pain. If 
this needs to be confirmed, provocation discography 
is indicated. If the dominant pain is other than in 
the spinal midline, evaluation of other data is 
helpful. Even though Revel's criteria have poor 
sensitivity, they are highly specific. In this even­
tuality, ZJ pain is likely and the patient should 
undergo ZJ blocks. 

The next question is intended to identify 
radicular pain without radiculopathy. Typically, 

these disorders produce dominant lancinating 
pain in the lower limb in a narrow myotomally 
distributed band, plus nerve root tension signs. If 
there is dominant lower extremity pain without 
evidence of radicular pain, the patient should be 
investigated for lower extremity pathology such as 
undetected fractures, neoplasm, infection, periph­
eral vascular disease, etc. Psychosocial distress 
factors can also be a factor and must be considered 
here. If at this point in the algorithm it is clear 
that the dominant pain is above the gluteal fold, 
the intervertebral disc is the most likely source of 
pain based simply on epidemiological grounds. 
At this point some of the less powerful predictors 
of painful discography may be used to suggest 
which investigation is most appropriate and justi­
fiable. Persistent pain between episodes (PPE) of 
acute back pain, a major loss of lumbar extension 
(ExtLoss), and 'vulnerability' in the 'neutral zone' 
(VABLE) are findings with modest specificity and 
are associated with positive discography. Further 
investigation with discography may establish or 
rule out the disc as the source of pain. If none of 
these clinical findings are present, the report that 
'walking is the best activity for pain' is considered. 
In this eventuality, spinal stenosis and hip joint pain 
are unlikely, and a positive response to a screening 
ZJ block is likely. This patient should proceed 
directly to ZJ blocks and not undergo discography 
or screening SIJ blocks. If the patient is not 'best 
walking', exploration of the effect of walking and 
standing is valuable. Careful questioning regarding 
the pattern of claudication and the means by which 
relief is obtained (e.g. needing to sit or if standing 
still is sufficient), can suggest whether peripheral 
vascular disease is the likely cause or if spinal 
stenosis is more likely. Investigation can proceed 
depending on which mechanism is suggested. 

The use of invasive and expensive technologies 
to establish the source and cause of chronic 
LBP needs to be justifiable. Bogduk & McGuirk 
(2002) have proposed an evidence-based clinical 
reasoning process in the form of three algorithms 
with the purpose of minimizing potential overuse 
of the procedures and maximizing utility of the 
information gained. The algorithm provided here 
integrates the most recent information, allows the 
clinician to skip certain steps, and may serve as a 
useful beginning point to Bogduk & McGuirk's 
tightly reasoned procedure. The current algorithm 
allows a simplification of Bogduk & McGuirk's 
(2002 p 181) second algorithm, 'an algorithm for the 
investigations of the synovial joints of the lumbar 
spine' and Fig. 28.12 is offered as an update. 
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Cenralization No =>3 Yes 
or directional .. SIJ testsr 

preference? positive? 

SIJ pain likely. 
Yes No Proceed to SIJ 

injection 

Rule out ZJ 
Disc pain: Dominant 1 Yes .. or SIJ pain 
positive midline pain? I Proceed to 

discography discography 
highly likely, but 

Noprocedure 
unjustified 

ZJ pain likely. Proceed toRevel's criteria Yes 

satisfied? 
Proceed to Z diagnostic 

joint algorithm injections 

No 

Dominant pain Most likely discNo .. PPE, ExtLoss, Yes 
below groin l r VABLE? pain. Proceed to 
gluteal fold? discography 

Yes No 

,~ Most likely ZJ 
I Nerve root 1 

Yes Yes ..Nerve sig ns I I ~~~t walking? pain. Proceed to
irritation 1 symptoms? Zjoint algorithm 

No 

No 
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No Yes Investigate
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for vascular No.... vascular ... 
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c-.._ _ 

I Spinal 1 
Yes 
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Fig. 2B.11 Proposed algorithm for use of demographic, history and clinical examination findings in clinical assessment of 
chronic LBP patients. (With permission of the University of Linkbping, Sweden.) 
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Is there good 
Yes reason to believe 

that the patient 
Yes I could have 

bilateral SIJ pain? 

Do at least 2 SIJ No I No 
provocation tests 
provoke familiar 

pain? 

Yes 
Screening blocks 

Is the dominant of Z joints 
pain entirely 

No 
LS-S1 + L4-S 

caudal to LS? and L3-4 if 
tolerated 

No 

No I Carefully consider, 
and justify 
proceeding 

Fig. 28.12 Initial algorithm for investigation of synovial 
joints of the lumbar spine and pelvis. (With permission of 
the University of Link6ping, Sweden.) 

Summary.. 
Diagnosis of the sources and causes of chronic LBP 
is possible in over 50% of cases using advanced 
imaging techniques and fluoroscopically guided 
diagnostic injection techniques. The clinical exam­
ination can provide information that enables the 
clinician to make a diagnosis in a significant pro­

t of portion of cases while improving the quality of 
selection of patients for more sophisticated diagnostic 
interventions. 
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