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Abstract Clinical practice guidelines state that the tissue
source of low back pain cannot be specified in the
majority of patients. However, there has been no system-
atic review of the accuracy of diagnostic tests used to
identify the source of low back pain. The aim of this
systematic review was therefore to determine the diag-
nostic accuracy of tests available to clinicians to identify
the disc, facet joint or sacroiliac joint (SIJ) as the source of
low back pain. MEDLINE, EMBASE and CINAHL were
searched up to February 2006 with citation tracking of
eligible studies. Eligible studies compared index tests with
an appropriate reference test (discography, facet joint or
SIJ blocks or medial branch blocks) in patients with low
back pain. Positive likelihood ratios (+LR) > 2 or negative
likelihood ratios (-LR) < 0.5 were considered informative.
Forty-one studies of moderate quality were included; 28
investigated the disc, 8 the facet joint and 7 the SIJ.
Various features observed on MRI (high intensity zone,
endplate changes and disc degeneration) produced infor-
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mative +LR (> 2) in the majority of studies increasing the
probability of the disc being the low back pain source.
However, heterogeneity of the data prevented pooling.
+LR ranged from 1.5 to 5.9, 1.6 to 4.0, and 0.6 to 5.9 for
high intensity zone, disc degeneration and endplate
changes, respectively. Centralisation was the only clinical
feature found to increase the likelihood of the disc as the
source of pain: +LR = 2.8 (95%CI 1.4-5.3). Absence of
degeneration on MRI was the only test found to reduce the
likelihood of the disc as the source of pain: —-LR = 0.21
(95%CT 0.12-0.35). While single manual tests of the SIJ
were uninformative, their use in combination was infor-
mative with +LR of 3.2 (95%CI 2.3—4.4) and —LR of 0.29
(95%CI 0.12-0.35). None of the tests for facet joint pain
were found to be informative. The results of this review
demonstrate that tests do exist that change the probability
of the disc or SIJ (but not the facet joint) as the source of
low back pain. However, the changes in probability are
usually small and at best moderate. The usefulness of
these tests in clinical practice, particularly for guiding
treatment selection, remains unclear.
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Background

Low back pain guidelines recommend the use of the term
non-specific low back pain (NSLBP) [1, 51] on the grounds
that it is not possible to establish the source of the pain in
the majority of cases. However, most guidelines do not
refer to any primary studies to support this position. Some
authors and clinicians are now questioning the utility of the
diagnosis NSLBP [15, 19] arguing that no one treatment

@ Springer


http://dx.doi.org/10.1007/s00586-007-0391-1

1540

Eur Spine J (2007) 16:1539-1550

would be expected to be effective for all patients with this
diagnosis. If the tissue-source of low back pain could be
identified, this may lead to more logical, and effective,
interventions.

The disc, facet joint and sacroiliac joint (SIJ) are po-
tential sources of low back pain. The prevalence of each of
these structures as a source of low back pain has been
estimated at 39, [47] 15 [44]and 13% [3], respectively.
Each structure is innervated [4] and noxious, mechanical or
chemical stimulation can cause low back pain [4]. There is
no universally accepted gold standard for diagnosis of LBP
of disc, facet joint or SIJ origin. The recommended refer-
ence standards involve anaesthetic or provocative injec-
tions [33]. Much has been written both for and against the
diagnostic accuracy of these reference tests [7, 10, 14, 55],
however, they are currently the best available tests to
identify the disc facet or SIJ as the source of low back pain.
These reference standards are invasive, expensive and not
widely available and therefore not suitable for routine
clinical use. Using these reference standards researchers
have investigated the accuracy of diagnostic tests available
to clinicians, which aim to identify the tissue source of
NSLBP. No systematic review of this body of literature has
been performed. Without this systematic summary it is not
evident if the existing literature supports or refutes the
position that it is not possible for clinicians to identify a
tissue source for low back pain in most patients presenting
for care, or if inadequate research has been performed to
answer the question.

To resolve this issue we performed a systematic review
of studies investigating the accuracy of diagnostic tests
available to clinicians to identify the disc, facet joint or
sacroiliac joint as the source of a patient’s NSLBP. Our
aims were to determine which tests had been investigated,
the diagnostic accuracy of these tests and the methodo-
logical quality of this research.

Method
Search methods

There is no widely accepted search strategy to identify
diagnostic studies. We therefore developed a sensitive
strategy based on several authors’ work [11, 58]. The final
search (Appendix 1) contained several terms for one of
three domains (diagnostic studies, index tests available to
clinicians and terms for disc, facet joint and sacroiliac
joint) which were combined to generate the final strategy.
Search terms from retrieved articles were added to the
search until saturation occurred.

A search was conducted of Medline, Cinahl and Embase
up to the end of February 2006. One author inspected the

@ Springer

titles of the search results and excluded clearly irrelevant
articles. Two independent reviewers then read all abstracts
and full texts as needed to determine if articles met
inclusion criteria. In cases where reviewers disagreed and
consensus could not be reached a third reviewer made the
final decision. Reference lists of included articles were
reviewed for additional articles. Included articles were
entered into Web of Science as a further search for addi-
tional articles. A final list of included articles was sent to
two experts in the field who reviewed the list for possible
omissions.

Selection

To be included studies were required to meet the following
criteria:

1. Participants had low back pain and no known or sus-
pected serious pathology (eg cancer, fracture, infec-
tion). Studies investigating participants with nerve root
compromise, or in which more than 10% of partici-
pants had previously undergone surgery involving the
target structure of the lumbar spine, were excluded.

2. Use of an appropriate reference test based on those of
the International Association for the Study of Pain
[33]. These were: discography for discogenic pain
(with a minimum of two levels tested per patient);
intra-articular local anaesthetic blocks for SIJ pain; and
either intra-articular blocks or medial branch blocks
for facet joint pain.

3. Evaluate at least one index test available to clinicians.

4. A 2x2 contingency table or data enabling the
development of one must be presented.

Quality

Two reviewers independently rated the quality of studies
using the QUADAS scale [57]. Reviewers met initially to
define acceptable standards for individual rating items. One
item was added such that studies were also rated on whe-
ther they used a prospective design. In cases where
reviewers disagreed and consensus could not be reached a
third reviewer made the final decision.

Sensitivity analyses

We pre-specified that we would investigate the effect of
using more strict reference standards. For disc studies this
was a stricter control procedure (one adjacent pain-free
disc) or abnormal morphology in addition to concordant
pain response as part of the reference standard. For facet
joint and SIJ studies it was using a double control block or
greater levels of pain relief as the reference standard.
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Index tests were considered informative when positive
likelihood ratios (+LR) were > 2, and/or negative likeli-
hood ratios (-LR) < 0.5 and confidence intervals did not
include one. +LR are typically > 1: the higher the +LR
the more likely a patient with a positive test does have
the disorder. —-LR are typically < 1: the lower the —LR the
more likely a patient with a negative test does not have the
disorder. Meta-DiSc[64] was used to calculate sensitivities
and specificities, likelihood ratios, assess heterogeneity,
perform meta-analyses and generate summary receiver
operating characteristic curves (SROC). Heterogeneity was
assessed by visually inspecting SROC for threshold effects
and by reviewing Chi-square analysis for significant
P values[64].

Results

Search Our electronic search identified 10,647 articles
(Fig. 1). Of these, 10,294 clearly irrelevant articles were
excluded by title leaving 353 potentially eligible articles.
Following review by two independent authors, 41 articles
[2,5,6,9,12,13,17, 18, 20-31, 3440, 42, 43, 48-50, 52—
54, 56, 59-63] met all inclusion criteria and were included.
No additional articles were identified by citation tracking,
or by contacting two experts in the field. Individual study
characteristics are summarised in Table 1.

Quality Results of the quality assessment using QUA-
DAS are shown in Appendix 3. Overall the quality of
studies was moderate (average 8.8 positive results from a
possible 14). The item which scored worst was the spec-
trum of patients where only seven of 41 (17%) studies
scored positive. In most cases the population was a con-
venience sample of patients receiving the reference test. It

Medline n= 5805
Embase n= 4400
Cinahl n= 430
Other n=12

'

Titles reviewed n=
10647

Articles excluded by

title n= 10294 i
Abstracts and full text

reviewed by 2 authors n=
353

Articles excluded,

l—. did not meet all

Included articles m_clusnon criteria
n= 41 n=312

v v v
Disc articles n=28 SlJ articles n=7 Facet jt articles n=8

Fig. 1 Flow chart of search strategy

is possible that these patients are not typical of those pre-
senting with low back pain. Other items which were gen-
erally poor included: time between index and reference test
(27% positive), availability of clinical data (29% positive),
and reporting of uninterpretable results (22% positive).

Types of studies included

Of the 41 included studies, 28 investigated the disc as the
source of low back pain, 8 investigated the facet joint and 7
the SIJ (Table 1). One study [60] investigated all three
sources while all other studies investigated only one source
of low back pain. Studies investigated from 1-40 index
tests. Index tests were investigated by 1-10 studies. The
prevalence of pain originating from the disc, facet joint and
S1J across all studies was 20-79% for disc, 12-61% for
facet joint and 28-61% for SIJ.

Data presentation

Appendix 2 records the contingency data for all studies.
Diagnostic accuracy values for index tests investigated by
two or more studies are presented in Tables 2 (disc stud-
ies), 3 (facet joint and SIJ studies). For most index tests
heterogeneity of the data made pooling inappropriate.

In a few studies we created new 2 X 2 tables repre-
senting the subset of patients eligible for this review)
different to those published after excluding patients who
had undergone previous surgery. This was done in two
studies [37, 63] from data presented in the published pa-
pers, and in two studies [26, 27] by the original authors
upon request. We also requested and received new 2 X 2
tables for three studies [22, 24, 60] where the reference
test was slightly different to our criteria but results could
be easily modified.

Discogenic pain studies

Index tests evaluated in at least two studies included
magnetic resonance imaging (MRI) findings (high intensity
zone, disc degeneration, endplate changes, annular dis-
ruption and narrowing) the centralisation phenomenon [32]
and response to vibration testing (Table 2). Index tests
investigated in single studies were ultrasound (annular
tear), radiographs (narrowing), pain drawings, status of
posterior annulus (MRI) and isolated findings from the
medical history and physical examination. All MRI studies
calculated diagnostic accuracy at the level of the disc,
while centralisation studies always calculated diagnostic
accuracy at the level of the patient. Spinous process
vibration was calculated both at the level of the disc and
the patient. Some studies calculated diagnostic accuracy at
the level of the disc and others at the level of the patient.
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Table 1 Individual study characteristics

Reference

Tissue Source

Study population

Index tests

Young et al. [60]
Lim et al. [28]
Carragee et al. [6]
Kokkonen et al. [20]
Yoshida et al. [59]
Weishaupt et al. [56]
Lam et al. [21]
Braithwaite et al. [5]
Ito et al. [18]
Saifuddin et al. [42]

Smith et al. [50]
Parker et al. [37]

Ricketson et al. [40]
Schellhas et al. [43]
April et al. [2]
Horton et al. [17]

Osti et al. [36]
Simmons et al. [48]
Vanharanta et al. [54]

Yrjama et al. [63]
Yrjama et al. [62]
Yrjama et al. [61]
Milette et al. [34]

Vanharanta et al. [53]
Laslett et al. [26]
Laslett et al. [25]
Ohnmeiss et al. [35]

Donelson et al. [12]

Laslett et al. [23]

Disc, S1J,
Facet joint

Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc

Disc
Disc

Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc

Disc

Facet joint

81 patients with chronic lumbopelvic pain referred for
diagnostic injections.

47 patients with chronic LBP who underwent both discography
and MRI. Disc degeneration but no neural compression on
MRL

25 patients with mild persistent LBP NOT seeking treatment

36 patients admitted to hospital because of chronic LBP of
unclear but suspected discogenic origin.

23 patients with chronic LBP and leg pain who underwent both
MRI and discography.

50 patients with severe chronic LBP who were candidates for
surgery and had abnormal MRL

73 patients considered for spinal fusion. All patients had at
least one positive HIZ

58 patients with chronic LBP +/- leg pain who underwent MRI
and discography prior to spinal fusion

39 patients with chronic LBP studied with MRI and
discography.

58 patients with chronic non-radicular LBP who underwent
both MRI and discography before possible spinal fusion

55 patients who underwent both lumbar discography and MRI.

15 patients with chronic LBP +/- leg pain referred for MRI and
discography prior to surgery.

29 patients with LBP+/- radicular symptoms who underwent
both MRI and discography.

63 patients who underwent MRI and Discography for LBP and
had at least one positive HIZ level

41 patients with LBP +/- leg pain for >3/12 referred for both
MRI and discography.

25 patients being considered for operative intervention who
underwent MRI and discography.

33 patients investigated for LBP
164 patients with LBP +/- radicular symptoms

78 patients with chronic LBP +/- leg pain, who underwent MRI
and discography

33 patients with chronic LBP mostly for many years
38 patients with LBP mostly for several years
57 patients suffering LBP

100 patients with subjective complaints suggestive of HNP but
no neurological deficits.

107 patients with LBP where ‘discography was indicated’’
and plain radiograph had been previously performed.

75 patients with persistent LBP +/- lower extremity symptoms
receiving discography.

83 patients with chronic LBP +/- leg pain and abnormal MRI
referred to diagnostic injections

187 patients with LBP +/- lower extremity pain who underwent
discography.

63 patients with chronic LBP +/-lower extremity pain referred
for discography. All patients had one or more positive MRI
levels.

116 patients with chronic LBP +/- lower extremity symptoms
referred to diagnostic radiology practice.

Clinical examination

MRI

MRI

MRI

MRI

MRI

MRI

MRI

MRI

MRI

MRI
MRI

MRI

MRI

MRI

MRI

MRI
MRI
MRI, vibration

MRI, vibration
Ultrasound, vibration
Vibration

CT

Plain radiograph

Clinical examination

Clinical examination

Clinical examination

Clinical examination

Clinical examination
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Table 1 continued

Reference

Tissue Source

Study population

Index tests

Manchikanti et al. [31]

Manchikanti et al. [30]

Revel et al. [38]
Revel et al. [39]
Laslett et al. [27]
Carrera et al. [9]
Van der Wurff et al. [52]

Facet joint
Facet joint

Facet joint
Facet joint
Facet joint
Facet joint
S1J

200 patients presenting to private pain management centre,
with chronic LBP +/- lower extremity pain.

120 patients presenting to private pain management centre,
with chronic LBP +/- lower extremity pain.

42 patients with LBP >3/12 referred for facet injection.

40 patients with LBP but not true sciatica

86 chronic LBP patients referred for facet jt blocks

10 patients with LBP +/- leg pain

60 patients with chronic LBP below L5, over one SIJ +/- leg

Clinical examination

Clinical examination

Clinical examination
Clinical examination
Clinical examination
CT

Clinical examination

pain referred for diagnostic injections.

48 patients with buttock pain +/- lumbar or lower extremity

Clinical examination

symptoms referred for diagnostic injections

48 patients with buttock pain +/- lumbar or lower extremity

Clinical examination

symptoms referred for diagnostic injections

85 patients referred for SIJ blocks, with pain principally below

32 patients with unilateral LBP +/- posterior thigh pain for

Clinical examination

Radionuclide image

more than 7 weeks. All patients had tenderness over SIJ

Laslett et al. [24] S1J
Laslett et al. [22] S1J
Dreyfuss et al. [13] S1J

L5
Maigne et al. [29] S1J

joint line.
Slipman et al. [49] S1J

50 patients referred to spine centre with LBP +/- leg pain.

Radionuclide image

Positive physical examination on at least 3 SIJ tests.

S1J sacroiliac joint; LBP low back pain; MRI magnetic resonance imaging

MRI (high intensity zone)

Seven [2, 18, 21, 42, 43, 50, 59] of the ten studies inves-
tigating high intensity zone found informative +LRs but
only four [2, 21, 43, 59] of ten studies found informative
—-LRs indicating that a positive high intensity zone in-
creases the probability of the disc being a source of pain
but a negative test does not usefully reduce the probability
of the disc being the source of pain (Table 2). Figure 2a
plots sensitivity and 1-specificity for the ten studies as a
summary receiver operating characteristic (ROC) curve.
The area under the curve equals = 0.88.

MRI (disc degeneration reduced signal intensity)

The various studies utilized different thresholds for disc
degeneration (Table 2). There appears to be a significant
threshold effect. When the highest threshold for each
study is used seven of the eight studies demonstrate
informative +LRs, but only five [5, 18, 28, 37, 56] dem-
onstrate informative —LRs, while if the lowest threshold
for each study is used only three studies [5, 37, 56] have
informative +LRs, but all eight [5, 6, 17, 18, 28, 36, 37,
56] have informative —-LRs. A summary of the results are
presented as a summary ROC curve in Fig. 2b. The area
under the curve = 0.81.

MRI (endplate changes)

The diagnostic accuracy of different thresholds was
examined in three [5, 20, 56] of the five studies investi-
gating endplate changes (Table 2). Three studies [5, 18, 56]
found informative +LRs. Regardless of threshold —LRs
were uninformative for all studies.

MRI (narrowing)

Because of contradictory findings of the two studies [18,
28] investigating MRI narrowing, it is unclear whether
narrowing is a useful test to help rule in or out the disc as
the source of low back pain (Table 2).

MRI (annular disruption)

Because of contradictory findings of the two studies [54,
63] investigating annular disruption, it is unclear whether
annular disruption is a useful test to help rule in or out the
disc as the source of low back pain (Table 2).

centralisation phenomenon

Lack of statistical heterogeneity made pooling possible for
LRs from the four studies[12, 25, 26, 60] investigating
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Table 2 Diagnostic values of index tests for discogenic pain in two or more studies

Author Pain free Index cut Sensitivity Specificity +LR -LR
control disc  off /details
MRI- High intensity zone (HIZ)
April et al. [2] Yes Not stated 70 (56-82) 88 (77-95) 5.9 (2.8-12.5) 0.34(0.22-0.51)
Ito et al. [18] No Not stated 52 (31-73) 89 (80-95) 4.8 (2.3-10.2) 0.54(0.35-0.82)
Lam et al. [21] No Not stated 81 (71-88) 78 (65-88) 3.7 (2.2-6.0) 0.25(0.16-0.38)
Lim et al. [28] No Not stated 56 (38-72) 70 (57-80) 1.8 (1.1-2.9) 0.64(0.43-0.96)
Ricketson et al. [40] Yes Not stated 12 (4-27) 92 (80-98) 1.5 (0.4-5.6) 0.96(0.83-1.11)
Schellhas et al. [43] Yes Not stated 97 (91-100) 83 (73-90) 5.7 (3.5-9.3) 0.03(0.01-0.11)
Smith et al. [50] No Not stated 27 (13-45) 90 (83-95) 2.6 (1.2-5.6) 0.82(0.66-1.02)
Weishaupt et al. [S6] No Not stated 28 (16-42) 85 (74-92) 1.8 (0.8-3.7 0.86(0.70-1.04)
Yoshida et al. [59] No Not stated/T2 scan 92 (69-99) 71 (55-84) 3.2 (1.9-5.3) 0.12 (0.03-0.55)
Not stated/ T1 scan 70 42-90) 74 (56-88) 2.7 (1.4-5.3) 0.40 (0.18-0.90)
Saifuddin et al. [42] No Not stated 27 (18-37) 94 (86-98) 4.8 (1.7-14.2) 0.77 (0.67-0.89)
MRI- Disc degeneration (reduced signal intensity)
Braithwaite et al. [5] No Not stated 86 (78-93) 78 (66-88) 4.0 (2.5-6.5) 0.18 (0.10-0.30)
Carragee et al. [6] Yes > Grade 1 92 (69-99) 43 (30-56) 1.6 (1.2-2.1) 0.20 (0.04-0.93)
> Grade 2 81 (55-95) 62 (48-74) 2.1 (1.4-3.1) 0.32 (0.12-0.82)
> Grade 3 47 (24-72) 89 (78-96) 4.3 (1.8-10.2 0.59 (0.38-0.93)
Horton et al. [17] No Dark & speckled 93 (72-100) 43 (27-59) 1.6 (1.2-2.2) 0.18 (0.04-0.85)
Dark only 38 (17-62) 87 (72-95) 2.8 (1.1-7.3) 0.72 (0.50-1.04)
Ito et al. [18] No Moderate & severe 94 (76-100) 46 (35-58) 1.7 (1.4-2.2) 0.14 (0.03-0.65)
Severe 69 (47-86) 88 (79-94) 5.7 (3.0-11.0) 0.36 (0.20-0.65)
Lim et al. [28] No Grade IV and V 87 (72 96) 52 (40-65) 1.8 (1.4-2.4) 0.25 (0.10-0.60)
Parker et al. [37] No Dark disc 89 (69-98) 68 (41-88) 2.8 (1.4-5.6) 0.16 (0.05-0.52)
Weishaupt et al. [S6] No Slight, moderate & severe 97 (88-100) 59 (46-70) 2.3 (1.8-3.1) 0.05 (0.01-0.26)
Osti et al. [36] No Decreased & absent 69 (52-82) 64 (52-75) 1.9 (1.3-2.7) 0.49 (0.30-0.80)
Absent 24 (12-40) 91 (83-97) 2.8 (1.1-7.0) 0.83 (0.69-1.00)
Endplate/Modic changes
Braithwaite et al. [5] No Grade 1-3 24 (15-34) 96 (88-99) 6.0 (1.7-21.2) 0.80 (0.70-0.90)
Grade 1 5 (2-13) 99 (93-100) 7.4 (0.4-131) 0.95 (0.90-1.00)
Grade 2 18 (10-27) 96 (88-99) 4.4 (1.2-16.1) 0.86 (0.77-0.95)
Grade 3 4 (1-10) 99 (93-100) 4.7 (2.5-89.3) 0.97 (0.93-1.02)
Ito et al. [18] No All grades 23 (8-45) 94 (87-98) 4.0 (1.3-12.8) 0.82 (0.65-1.02)
Lim et al. [28] No Not stated 10 (3-25) 82 (70 90) 0.6 (0.2-1.7) 1.1(0.94-1.3)
Weishaupt et al. [S6] No Grade 1 all 30 (17-34) 96 (89-99) 8.2 (2.2-29.7) 0.73 (0.61-0.88)
Grade 1 (moderate & severe) 24 (13-38) 99 (93-100) 32.4 (2.0-536.7) 0.77 (0.66-0.90)
Grade 2 all 19 (10-33) 98 (91-100) 8.9 (1.7-48.0) 0.82 (0.72-0.95)
Grade 2 (moderate & severe) 15 (6-29) 99 (93-100) 21.1 (1.2-361.2) 0.85 (0.76-0.96)
Grade 1&2 (all) 48 (34-63) 95 (87-99) 9.5 (3.3-27.3) 0.55 (0.42-0.72)
Grade 1&2 (moderate & severe) 38 (24-53) 99 (93-100) 52.1 (3.2-844.1) 0.63 (0.50-0.78)
Kokkonen et al. [20]  No > Grade 1 41 (25-58) 63 (50-75) 1.1 (0.7-1.8) 0.93 (0.68-1.29)
> Grade 2 22 (10-39) 78 (67-88) 1.0 (0.5-2.2) 0.99 (0.8-1.23)
> Grade 3 4 (0-16) 98 (91-100) 1.8 (0.2-16.4) 0.98 (0.91-1.06)
MRI- Annular disruption
Vanharanta et al. [S4] No Not stated 94 (87-98) 55 (46-63) 2.1 (1.7-2.5) 0.10 (0.04-0.26)
Yrjama et al. [63] No Grade 3 65 (43-83) 64 (24-94) 1.8 (0.64-5.1) 0.55 (0.25-1.19)

MRI - Narrowing
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Table 2 continued

Author Pain free Index cut Sensitivity Specificity +LR -LR
control disc  off /details
Ito et al. [18] No Moderate & severe 85 (65-96) 69 (58-79) 2.8 (1.9-3.9) 0.21 (0.08-0.56)
Severe 31 (14-53) 97 (90-100) 9.9 (2.5-38.3) 0.71 (0.54-0.93)
Lim et al. [28] No Not stated 30 (16-48) 82 (70-91) 1.7 (0.8-3.5) 0.85 (0.67-1.09)
Clinical examination - Centralisation
Donelson et al. [12] Yes Not stated* 64 (46-79) 70 (50-86) 2.1 (1.1-3.9) 0.52 (0.32-0.86)
Young et al. [60] Yes Not stated* 47 (22-73) 95 (62-100) 9.4 (0.6-146.9)  0.56 (0.35-0.91)
Laslett et al. [25] Yes Partial & full exam* 38 (26-51) 89 (69-98) 3.5 (1.0-11.7) 0.70 (0.55-0.89)
Full examination* 40 (27-55) 92 (69-99) 4.9 (1.0-23.3 0.65 (0.50-0.84)
Laslett et al. [26] Yes Complete & partial 35 (22-51) 86 (62-98) 2.6 (0.8-8.7) 0.75 (0.56-0.99)
centralisers*
Complete centralisers™ 23 (12-38) 97 (77-100) 8.2 (0.5-133.0)  0.78 (0.67-0.95)
Pooled results
Spinous process bony vibration
Vanharantaet al. [54] No Not stated* 71 (57-82) 60 (39-80) 1.8 (1.1-3.0) 0.49 (0.29-0.82)
Not stated (per disc) 63 (51-73) 77 (69-84) 2.7 (1.9-3.9) 0.48 (0.36-0.65)
Yrjama et al. [63] No Not stated* 60 (39-80) 64 (24-94) 1.7 (0.60-4.8) 0.62 (0.29-1.29
Yrjama et al. [62] No Not stated* 65 (44 82) 58 (28-84) 1.5 (0.8-3.1) 0.61 (0.31-1.22)
Yrjama et al. [61] No Not stated* 71 (54-84) 63 (38-83) 1.9 (1.0-3.4) 0.47 (0.26-0.85)
Not stated (per disc) 79 (57-94)  82(53-97) 45 (1.4-140 0.25 (0.11-0.59)

* Analysis at the level of the patient, all others at the level of the disc. +LR, positive likelihood ratio; —LR, negative likelihood ratio; MRI,

magnetic resonance imaging

centralisation. Results indicated informative +LRs (2.8, CI
1.4-5.3) and uninformative —LRs (0.66, CI 0.53-0.83).

Spinous process vibration

Pooled LRs from the four studies [54, 61-63] investigating
spinous process vibration at the level of the patient found
uninformative +LRs (1.7, CI 1.3-2.4) and -LRs (0.53, CI
0.39-0.72). Pooled LRs from the two studies investigating
vibration at the level of the disc found informative +LRs
(2.86, CI 2.0-4.0) and -LRs (0.39, CI 0.22-0.72).

Facet joint studies

Index tests investigated in more than two studies were
““Revel’s criteria’” (5 or more of 7 clinical characteristics;
age >65 years, pain well relieved by recumbent posture,
and absence of pain exacerbation with coughing, forward
flexion, rising from sitting, hypertension or extension
rotation), each of the seven individual variables which
make up Revel’s criteria, absence of centralization, and
traumatic onset (Table 3). Other index tests studied only in
single studies include intra-articular degeneration on CT,
many aspects of a medical examination, and clinical pre-
diction rules (Appendix 2).

Revel’s criteria

The two studies by Revel et al. [38, 39] found informative
+LRs and —LRs for ‘‘Revel’s criteria’’. However, two more
recent, studies [23, 31] failed to find informative +LRs or
—-LRs (Table 3). None of the seven individual items that
make up ‘‘Revel’s criteria’> were found to have informa-
tive +LRs by more than one study (Table 3). One item
(relief with recumbancy) had informative —LRs in two of
three studies (Table 3).

S1J studies

Most studies investigating the SIJ only included partici-
pants whose primary pain was below the level of the fifth
lumbar vertebrae. Consequently, the results relate only to
this group of patients. Index tests investigated included
clinical examination findings and bone scan (Table 3).
All four studies [22, 24, 52, 60] investigating a com-
posite of pain provocation tests found worthwhile diag-
nostic validity. Due to lack of heterogeneity of diagnostic
accuracy data, pooling was performed giving pooled esti-
mates of 80 (70-88), 75 (67-83), 3.2 (2.3—4.4) and 0.29
(0.19-0.44) for sensitivity, specificity, +LR and -LR,
respectively. Only two of the individual pain provocation
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Table 3 Diagnostic values of index tests for Facet jt and SIJ pain in two or more studies

Author Controlled double block / Sensitivity Specificity +LR -LR
% pain relief
Facet joint studies
Revel’s criteria
Revel et al. [38] No / >75% 96 (71-100) 65 (46-81) 2.8 (1.7-4.5) 0.06 (0.00-0.85)
Laslett et al. [23] No / abolition of pain 18 (5-43) 93 (86-97) 2.6 (0.8-8.6) 0.88 (0.70-1.10)
Manchikati [31] Yes / >75% 13 (7-22) 84 (76-90) 0.8 (0.4-1.7) 1.03 (0.92-1.16)
Revel et al. [39] No/ >75% 63 (41-82) 87 (64-98) 4.8 (1.4-15.9) 0.43 (0.24-0.75)
Age >65
Revel et al. [38] No / >75% 39 (15-68) 78 (60-91) 1.8 (0.7-4.7) 0.78 (0.49-1.23)
Manchikati et al. [30] Yes / >75% 19 (10-32) 66 (54-78) 0.6 (0.3-1.1) 1.21 (0.98-1.51)
Manchikati et al. [31] Yes / >75% 22 (14-32) 85 (77-91) 1.5 (0.8-2.6) 0.92 (0.80-1.05)
Pain reduced with recumbancy
Revel et al. [38] No / >75% 89 (62-99) 25 (11-44) 1.2 (0.9-1.6) 0.43 (0.08-2.20)
Revel et al. [39] No / >75% 89 (69-98) 45 (22-69) 1.6 (1.1-2.5 0.24 (0.07-0.87)
Manchikati et al. [31] Yes / >75% 94 (86-98) 17 (10-25) 1.1 (1.0-1.2) 0.39 (0.18-0.96)
Pain not increased with cough
Revel et al. [38] No / >75% 96 (71-100) 35 (19-55) 1.5 (1.1-2.0) 0.10 (0.01-1.62)
Revel et al. [39] No / >75% 80 (59-94) 50 (27-73) 1.6 (1.0-2.6) 0.39 (0.15-1.01)
Manchikati et al. [31] Yes / >75% 90 (82-95) 13 (8-21) 1.0 (0.9-1.1) 0.76 (0.34-1.66)
Pain not increased with forward flexion
Revel et al. [38] No / >75% 96 (71-100) 48 (30-67) 1.9 (1.3-2.7) 0.07 (0.01-1.15)
Revel et al. [39] No / >75% 63 (41-82) 76 (52-92) 2.7 (1.1-6.3) 0.48 (0.27-0.87)
Manchikati et al. [31] Yes / >75% 16 (9-25) 82 (73-88) 0.9 (0.5-1.6) 1.03 (0.91-1.17)
Pain not increased with rising from flexion
Revel et al. [38] No / >75% 96 (71-100) 58 (39-76) 2.3 (1.5-3.6) 0.06 (0.00-0.97)
Revel et al. [39] No / >75% 76 (54-91) 55 (31-78) 1.7 (1.0-2.9) 0.43 (0.19-1.00)
Manchikati et al. [31] Yes / >75% 55 (44-65) 48 (39-58) 1.1 (0.8-1.4) 0.94 (0.70-1.26)
Pain not increased with hyperextension
Revel et al. [38] No / >75% 89 (62-99) 62 (42-79) 2.3 (1.4-3.8) 0.17 (0.04-0.81)
Revel et al. [39] No / >75% 54 (33-75) 71 (46-89) 1.9 (0.8-4.2) 0.64 (0.38-1.09)
Manchikati et al. [31] Yes / >75% 10 (5-18) 86 (78-92) 0.7 (0.3-1.5) 1.05 (0.95-1.16)
Pain not increased with extension/rotation
Revel et al. [38] No / >75% 75 (46-94) 48 (30-67) 1.5 (0.9-2.3) 0.52 (0.19-1.38)
Revel et al. [39] No / >75% 68 (45-85) 76 (52-92) 2.8 (1.2-6.7) 0.43 (0.23-0.81)
Manchikati et al. [31] Yes / >75% 68 (57-77) 30 (22-40) 1.0 (0.8-1.2) 1.07 (0.71-1.61)
No centralisation
Young et al. [60] No / >80% 97 (73-100) 15 (1-50) 1.1 (0.9-1.5) 0.22 (0.01-4.93)
Laslett et al. [27] No / >95% 96 (65-100) 16 (8-28) 1.1 (1.0-1.4) 0.28 (0.02-4.43)
Traumatic onset
Manchikati et al. [30] Yes / >75% 54 (40-67) 47 (35-60) 1.01 (0.7-1.4) 0.99 (0.67-1.44)
Manchikati et al. [31] Yes / >75% 48 (37-59) 50 (41-59) 1.0 (0.7-1.3) 1.05 (0.80-1.37)
S1J studies
3 of more positive pain provocation procedures
Laslett et al. [24] No /> 80% 74 (50-90) 74 (55-89) 2.9 (1.5-5.6) 0.35 (0.17-0.75)
Laslett et al. [22] Yes / >80% 89 (59-99) 80 (62-92) 44 (2.1-8.9) 0.15 (0.03-0.66)
Young et al. [60] No / > 80% 76 (56-90) 69 (50-85) 2.5 (1.4-4.4) 0.35 (0.17-0.71)
van der Wurff et al. [52] Yes / >50% 84 (65-95) 78 (60-90) 3.8 (2.0-7.3) 0.21 (0.09-0.49)
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Table 3 continued

Author Controlled double block / Sensitivity Specificity +LR -LR
% pain relief
Thigh thrust
Dreyfuss et al. [13] Yes / >80% 42 (28-58) 45 (30-61) 0.8 (0.5-1.2) 1.28 (0.84-1.94)
Laslett et al. [24] No / >80% 69 (45-87) 64 (44-81) 1.9 (1.1-3.3) 0.49 (0.24-0.97)
Sacral Thrust
Dreyfuss et al. [13] No / >90% 51 (36-66) 40 (25-57) 0.9 (0.6-1.2) 1.22 (0.76-1.96)
Laslettt et al. [24] No / >80% 55 (32-76) 74 (55-89) 2.1 (1.0-4.4) 0.61 (0.36-1.02)
Bone scan
Maigne et al. [29] No / >75% 46 (20-74) 93 (72-100) 6.2 (1.2-31.9) 0.58 (0.35-0.96)
Slipman et al. [49] No / > 80% 14 (4-31) 98 (79-100) 5.6 (0.3-99.0) 0.88 (0.75-1.03)
SIJ, sacroiliac joint; +LR, positive likelihood ratio; —-LR, negative likelihood ratio
tests (thigh thrust and sacral thrust) were tested by two  Discussion

studies for their diagnostic accuracy in isolation. Neither
test was found to have informative +LRs or —LRs in both
studies. Both studies investigating bone scan [29, 49] found
high +LR point estimates(6.19, 5.62), however, the confi-
dence intervals were very wide for both studies and crossed
1 in one of the studies. The —LRs (0.58 and 0.88) were
uninformative for both studies. The results suggest that a
positive bone scan may increase the probability of the SIJ
being the source of pain but a negative bone scan does not
reduce the probability.

Sensitivity analyses

We pre-planned to investigate the influence of reference
test quality on the diagnostic accuracy of index tests if
sufficient data existed. Due to the low number of studies for
most index tests this was only possible for HIZ studies. We
investigated the influence of having a control pain free disc
as part of the reference standard on the diagnostic accuracy
of the HIZ. Three of the ten HIZ studies were controlled.
Meta analysis using Meta Disc [64] found no significant
difference (ratio of diagnostic odds ratio (RDOR)=2.56, CI
0.68-9.59, P=0.14).

With only four studies investigating the most common
index test for pain originating from the facet joint (Revel’s
criteria) it was not possible to investigate the influence of
controlled facet blocks on diagnostic accuracy. Visual
inspection of the data showed that the only study using
double controlled blocks[31] found lower diagnostic
accuracy than the three studies that did not use double
blocks [23, 38, 39].

Of the four studies investigating a combination of pain
provocation tests of the SIJ, two studies [22, 52] used
double blocks as the reference standard. Visual inspection
of the data suggests no difference in diagnostic value for
this index test between double blocks and single blocks.

This systematic review reveals that there are relatively few
studies which have investigated the diagnostic accuracy of
tests to identify the disc, facet joint or SIJ as the source of
low back pain. Only two index tests (MRI-HIZ and MRI-
disc degeneration) have been investigated by five or more
studies. Only a few studies evaluated a cluster of signs or a
combination of tests. The results of the SIJ studies found
increased diagnostic validity for a cluster of tests compared
to a single test in isolation. Forming a diagnosis based on a
combination of findings is typical of the clinical reasoning
approach used by clinicians and should be investigated in
future studies.

The results of studies investigating the disc as the source
of low back pain indicate that there is no available clinical
test which can be used to both increase and to decrease the
likelihood of the disc as the source of low back pain.
However, several of the available tests (MRI high intensity
zone, MRI disc degeneration, MRI endplate changes, and
centralisation) have informative +LRs indicating that a
positive test result does increase the likelihood of the disc as
the source of the patient’s symptoms. The results however
are heterogeneous making an accurate prediction of diag-
nostic strength impossible. Reduced MRI signal intensity is
the only index test, which decreased the likelihood of the
disc as the source of symptoms and then only when a low
threshold is used. When the lowest threshold available in
the eight studies was used, all studies found informative
-LRs. The data approached statistical heterogeneity
(P =0.03) and a pooled estimate for —-LR was 0.21 (0.12—
0.35) demonstrating moderate ability for a negative MRI to
rule out the individual disc as a source of symptoms.

The results of studies investigating the facet joint as the
source of a patient’s symptoms suggest that the currently
available tests have limited or no diagnostic validity.
Studies of ‘‘Revel’s criteria’ found conflicting results.
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Fig. 2 A MRI-high intensity zone. B MRI-disc degeneration

However, the only study that used a double block found no
useful diagnostic value. Two clinical prediction rules
developed by Laslett [27] (Appendix 2) have both infor-
mative +LRs and -LRs. However, these have only been
developed in a single study and need validating in an
independent sample.

A combination of SIJ pain provocation tests appears to
be useful both to increase and to decrease the likelihood of
the SIJ as the source of symptoms in patients with pain
primarily below the fifth lumbar vertebrae. The summary
+LR and -LR of 3.19 and 0.29, respectively suggest
moderate changes to the post test probability. While a
positive bone scan appears to be useful at increasing the
probability of the SIJ being the source of low back pain, it
also has very low sensitivity, which means that the

@ Springer

majority of patients with pain from the SIJ will have a
negative bone scan.

The tests reviewed produce small or at best moderate
changes in pre to post-test probability. For example
assuming a pre-test probability of 50% for the disc being
the source of pain a +LR of 3, as was typical for high
intensity zone and centralisation studies, would change the
post test likelihood to 75%. The —LLR of 0.21 for absence of
disc degeneration would reduce the likelihood of the disc
as the source of pain to 17%. Assuming a lower pre-test
probability of 20% for the S1J as the source of pain the +LR
of 3.19 for the combination of SIJ tests would increase the
likelihood to 45%. The —LR of 0.29 for the S1J tests would
reduce the probability to 7%. These changes in probability
of the disorder are modest but must be considered in the
context of current recommendations that it is impossible to
identify a source for a patient’s low back pain.

The results of this study may be used in future research
to identify patients more likely to have pain originating
from the disc or SIJ and test the effectiveness of treatments
aimed at these structures. Currently there is no literature
indicating that knowledge of the tissue source of low back
pain leads to improved outcomes however this research has
been very difficult to perform without easily available and
valid methods of identifying the source of low back pain.

The results of this study rely on the accuracy of the
reference standards used. There has been much controversy
in the literature on discography [8, 10, 41, 55] and to a lesser
extent facet and SIJ blocks.[14, 45, 46, 52] A high rate of
false positive responses to discography and facet blocks has
been reported in the literature by some authors [16, 45].
Other authors have found low false positive rates especially
when strict criteria for a positive response are used [10, 55].
In our review we required relatively strict criteria for a
positive response to discography (concordant pain and a
minimum of two levels tested per patient) and to facet and
SIJ injections (at least 50% pain reduction with guided
injection). We pre-planned to investigate the impact of even
stricter reference standards including a pain free adjacent
disc or positive morphology, for discography and higher
levels of pain relief or a pain free control injection for facet
joint or SIJ blocks. However, there were not enough studies
using the higher level of control to investigate if this im-
pacted on the diagnostic validity of different index tests.

One of the limitations of the studies included in our
review was that the majority of patients in the trials may
not be representative of patients presenting for care of their
low back pain. The patients were primarily a convenient
sample of patients presenting for each type of diagnostic
injection and may be more likely to have the target con-
dition than an unscreened cohort presenting for care of low
back pain. There is a need for research to be done in less
selected populations however these studies may be difficult
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to conduct due to the invasive nature of the reference tests.
The prevalence of the target disorder varied considerably
across the included studies. This implies the populations
were dissimilar and some pre-selection bias may have
occurred. This may be a primary cause of heterogeneous
results making pooling impossible.

Conclusion

It appears that only a small amount of investigation has
been performed into the diagnostic accuracy of clinical
tests to identify the tissue source of low back pain. There
are tests for the disc and SIJ that have some diagnostic
value but no test for the facet joint that appears informa-
tive. The usefulness of these tests in clinical practice,
particularly for guiding treatment selection, remains un-
clear. Further quality investigation into tests that appear
promising is required.
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