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Abstract

Objective. The objective of this study was to esti-
mate the prevalence, mean age, and association of
prevalence and age of lumbar internal disc disrup-
tion (IDD), facet joint pain (FJP), sacroiliac joint pain
(SIJP), spinal and pelvic insufficiency fractures,
interspinous ligament injury/Baastrup’s Disease,
and soft tissue irritation by fusion hardware.

Design. The study’s design was a retrospective
chart review.

Setting. The study was set in an academic spine
center.

Patients. A total of 378 cases from 358 patients
were reviewed of which 170 cases from 156 patients
who underwent diagnostic procedures were
included.

Interventions. Discography, dual diagnostic facet
joint blocks, intra-articular sacroiliac joint injec-
tions, anesthetic injections of painful interspinous
ligaments/opposing spinous processes/posterior
fusion hardware, or percutaneous augmentation
were performed.

Outcome Measures. Prevalence and age were ana-
lyzed for each diagnosis group.

Methods. Patients with recalcitrant low back pain
underwent diagnostic procedures based on their
clinical presentation until the pain source was
identified.

Results. The prevalence of internal disc disruption,
facet joint pain and sacroiliac joint pain was 42%,
31%, and 18%, respectively. Patients with internal
disc disruption were significantly younger than
those with facet joint pain or sacroiliac joint pain.
Increased age was associated with a decreased
probability of internal disc disruption and increased
probabilities of facet joint pain and sacroiliac joint
pain as the source of low back pain until approxi-
mately age 70.

Conclusion. Our data confirm the intervertebral
disc as the most common etiology of chronic low
back pain in adults. Based on our sample, the
younger the patient, the more likely low back pain is
discogenic in origin. Facetogenic or sacroiliac joint
pain is more likely in older patients.

Key Words. Internal Disc Disruption; Sacroiliac
Joint; Facet Joint; Low Back Pain; Adult

Introduction

Low back pain (LBP), a ubiquitous complaint, is believed
to be difficult to diagnose [1–3]. Traditionally, the notion
that the etiology of 80% to 90% of LBP cases is unknown
has been perpetuated across decades [1–4]. Fundamen-
tally, any spinal structure can serve as the source of LBP
in affected patients provided the structure: 1) is inner-
vated; 2) is capable of causing pain similar to that encoun-
tered clinically; and 3) is susceptible to disease or injury
known to be painful. Investigators [5–10] have adduced
the above principles to identify the structural causes of
LBP in adult patients. Over the better part of the previous
two decades, evidence has been compiled verifying the
sources of LBP and initial prevalence estimates for painful
lumbar intervertebral discs (IDD) [5], symptomatic facet
joint pain (FJP) [6–8], and sacroiliac joint pain (SIJP) [9,10].

Independent studies of adult LBP patients have estimated
prevalence rates for IDD [5], FJP [6–8], and SIJP [9,10]
of 39%, 15–32%, and 13–18.5%, respectively. More
recently, emerging reports suggest the presence of LBP
emanating from opposing lumbar spinous processes
(Baastrup’s disease) or degeneration of the intervening
interspinous ligament [11–17], and soft tissue irritation by
fusion hardware [18]. The most common etiology of LBP
in the young to middle age adult is IDD [5] followed by FJP
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[6–8] and SIJP [9,10] with the latter two occurring at a
seemingly similar prevalence rate. Schwarzer’s seminal
papers helped establish the etiology of adult LBP although
not clearly identifying how age affects prevalence of each
diagnostic group (IDD, FJP, SIJP). Soon thereafter, other
reports documented similar prevalence rates of FJP [6–8]
and SIJP [9,10] suggesting a predilection of these two
conditions for older subjects [6,7].

The specific aims of the present study were to 1) estimate
the prevalence of lumbar IDD, FJP, SIJP, spinal and pelvic
insufficiency fractures, interspinous ligament injury/
Baastrup’s Disease, and soft tissue irritation by fusion
hardware in consecutive LBP patients having completed
precision, controlled diagnostic spinal procedures; 2)
compare the mean age among IDD, FJP, and SIJP
cohorts; and 3) determine if age is significantly associated
with the prevalence of IDD, FJP, or SIJP.

Methods

After obtaining Institutional Review Board approval, charts
from consecutive LBP patients were reviewed. Enrolled
cases were patients suffering from LBP recalcitrant to
spine-focused physical therapy, oral analgesics, and oral
anti-inflammatory medications, whose LBP was incapaci-
tating and thus interfering with daily activities who under-
went diagnostic spinal procedures. These were LBP
patients presenting to a community-based, multi-
disciplinary, academic spine center. Patients were referred
to the spine center from community and university spine
surgeons (neurosurgery and orthopedics), physiatrists,
non-spine surgeons, primary care physicians, rheuma-
tologists, endocrinologists, neurologists, and occupational
health physicians.

Each patient either underwent provocation lumbar discog-
raphy (PLD), dual diagnostic facet joint blocks (FJB) with
local comparative anesthetics, intra-articular diagnostic
SIJ injections (sacroiliac joint block [SIJB]), injection of
anesthetic into putatively painful interspinous ligaments/
opposing spinous processes/posterior fusion hardware,
or percutaneous augmentation depending on the clinical
presentation. Some subjects underwent multiple diagnos-
tic procedures until the source of their LBP was identified.
If the initial diagnostic procedure was negative, the next
most likely structure in the diagnostic algorithm was inter-
rogated. However, once a source of the subject’s LBP
was identified, subsequent diagnostic procedures were
not performed. This interventional spine care diagnostic
algorithm was consistently applied to all consecutive low
back pain patients evaluated by the lead author.

Patients reporting paravertebral LBP without midline LBP
[9,19] which was exacerbated by standing and/or walking
[20] and who demonstrated �2 positive SIJ provocative
maneuvers [21] and/or a lack centralization during McK-
enzie evaluation [22] typically underwent FJB first, fol-
lowed by SIJB and then PLD if the preceding diagnostic
procedure was negative (Figure 1). Strict operational cri-
teria were adhered to for all blocks with 0.5 mL of anes-

thetic injected per International Spine Intervention Society
(ISIS) Guidelines. One percent lidocaine is used for the first
block with 0.5% bupivicaine for the second. Duration of
expected relief should be �2 hours for lidocaine and �8
hours for bupivicaine. Facet joint mediated pain was
usually approached first with diagnostic intra-articular
injections, and if positive, followed by a second diagnostic
block of the respective medial branches (or medial branch
and doral ramus as appropriate). The side and joint level
selected by pain referral pattern [23,24] were investigated
first moving from most likely to less likely facet joint (FJ)
level. Only one side and level was injected at any one time
moving on to the next most likely facet joint level only after
a negative initial diagnostic block. Patients reporting
paravertebral LBP without midline LBP [9,10,25,26] and
three positive out of five SIJ provocative maneuvers
[21,27] without centralization during McKenzie evaluation
[22] underwent SIJB followed by FJBs and then PLD
unless the initial diagnostic blocks were positive. Patients
reporting paravertebral LBP with a previous history of
posterior fusion with pedicle screws and hardware whose
LBP was reproducible by single digit palpation over the
hardware, underwent diagnostic blockade of the hard-
ware in a triple blockade fashion using 2% lidocaine first,
then 0.5% marcaine second, followed by a placebo injec-
tion. Patients reporting midline LBP with or without
paravertebral LBP, centralization during McKenzie evalu-
ation [22], and/or LBP during sustained hip flexion [28]
underwent PLD initially followed by FJB or SIJB if discog-
raphy was negative (Figure 2). Patients reporting midline
LBP without paravertebral LBP which was aggravated by
standing and walking and not provoked by sitting or sus-
tained hip flexion (SHF) with evidence of opposing lumbar
spinous processes on imaging, first underwent diagnostic
interspinous injection [11,29] of the segmental level sup-
ported by the cephalad to caudad location of the LBP.
Osteopenic patients with LBP reproducible on percussion
[30] and magnetic resonance imaging (MRI), or comput-
erized tomography/bone scan (in the case of contraindi-
cation to MRI) evidence of an insufficiency fracture of the
vertebral body or sacrum underwent percutaneous aug-
mentation (Figure 3) [31–36].

Positive discography was defined as concordant/partial
concordant LBP (>6/10) at low pressure (<50 psi over
opening pressure) due to �Grade III annular tears [37–39].
Diagnostic blockade of FJ, SIJ, or other structures was
deemed positive if the patient’s index pain was relieved by
�75% after injection of each anesthetic [40–42]. In the
case of fusion hardware blockade, minimal relief (<75%)
after the placebo injection was required to constitute a
positive block. Insufficiency fractures were deemed the
source of LBP if the patient’s clinical symptoms were
significantly reduced after percutaneous augmentation
[31–36].

Based on the results of discography, diagnostic block-
ades, or LBP reduction after percutaneous augmentation,
subjects were classified as having IDD, FJP, SIJP, fusion
hardware-mediated soft tissue pain, Baastrup’s Disease,
or vertebral or sacral insufficiency fractures. Charts of
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patients who did not undergo definitive diagnostic proce-
dures due to clinical improvement of LBP were reviewed
but not enrolled in this study. Initially, the prevalence of
each source was estimated by computing the proportion
of patients with each diagnosed source presenting with
LBP out of all diagnosed patients. The mean age for each
of the diagnostic groups was estimated and compared
statistically between the IDD, FJP, and SIJP groups using
analysis of variance (ANOVA) and Tukey’s honestly signifi-
cant difference (HSD) to adjust for multiple comparisons.
The relationship between age and the probability of each
source of LBP (IDD, FJP, SIJP, or other) was modeled with
multinomial logistic regression analyses assuming a gen-
eralized logit link function. The significance level for all
tests was 5%. SAS v.9.2 (SAS Institute, Cary, NC, USA)
was used for all data analysis and graphics.

Results

A total of 378 cases from 358 subjects (34.9% male) seen
between November 2007 and December 2008 were
reviewed. Patients had a mean age of 52.8 years (stan-
dard deviation [SD] = 15.0) and median duration of LBP of
12 months (interquartile range [IQR] = 6–24). There were
208 cases from 202 patients not included in subsequent

calculations because these patients did not undergo
definitive diagnostic procedures. Of the 170 cases from
156 patients presenting with LBP whose low back disor-
der was definitively diagnosed, the mean age was 54.4
years (SD = 16.2) and median duration of LBP was 12
months (IQR = 6–32), and 28 had a history lumbar fusion.

Cases were grouped according to the diagnosis of their
LBP. The prevalence of each source of LBP and mean age
of the cases within each group is summarized in Table 1.
Sources of LBP were primarily identified as being IDD,
FJP, or SIJP (>90%). There were four patients (eight cases)
presenting with two simultaneous source structures, and
one patient (three cases) presenting with three simulta-
neous source structures. The most predominantly
affected level for both IDD and FJP was L5-S1 followed by
L4-L5 (see Table 2). Of the 71 cases of IDD, 19 (26.8%)
involved more than one level with 12 (16.9%) involving two
levels and seven (9.9%) involving three levels.

An ANOVA test indicated that the mean age was signifi-
cantly different among the IDD, FJP, and SIJP groups
(F2,151 = 31, P-value < 0.0001). Using Tukey’s HSD to
adjust for multiple comparisons, cases of IDD were sig-
nificantly younger than cases of FJP or SIJP; however,

Figure 1 Algorithm for assess-
ing predominant paramidline
LBP. SIJ = sacroiliac joint; FJB =
facet joint blocks; FJP = facet
joint pain; SIJP = sacroiliac joint
pain; PLD = provocation lumbar
discography; IDD = internal disc
disruption.
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the mean age was not significantly different between
cases of FJP and SIJP. The multinomial logistic regres-
sion analyses indicated that age was significantly asso-
ciated with source of LBP (χ3

2 41 8= . , P-value < 0.0001).
The predicted probabilities and their associated 95%
confidence intervals for each source as a function of age
are shown in Figure 4. In general, increased age was
associated with a decreased probability of IDD as the
source of LBP. In addition, increased age was associ-
ated with increased probabilities of FJP and SIJP as
the source of LBP until approximately age 70, and then
with decreased probabilities of FJP and SIJP as the
source.

Discussion

The findings of the present study corroborate earlier
reports [5–10] of the prevalence rates of IDD [5], FJP [6–8],
and SIJP [9,10] in LBP patients (Table 3). We estimated
the prevalence of IDD to be 42% (95% confidence interval
[CI] = 35% to 49%), the prevalence of FJP to be 31%
(95% CI = 24% to 38%), and the prevalence of SIJP to be
18% (95% CI = 13% to 25%). Our data confirm that the
intervertebral disc is the most common etiology of chronic
LBP in the adult LBP population. Our prevalence estimate
for lumbar IDD mirrors that of Schwarzer’s observation of
39% (95% CI = 29% to 49%). The sample size studied

Figure 2 Algorithm for assess-
ing LBP presenting in midline.
PLD = provocation lumbar dis-
cography; FJB = facet joint
blocks; IDD = internal disc dis-
ruption; FJP = facet joint pain;
SIJP = sacroiliac joint pain;
SHF = sustained hip flexion.

Figure 3 Clinical assessment
of LBP suspicious for insuffi-
ciency fracture. LBP = low back
pain; MRI = magnetic resonance
imaging; CT = computerized
tomography.
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here allowed for a reasonably accurate prevalence esti-
mate with a tighter confidence interval than the previous
report by Schwarzer (margin of error 14 vs 20). Our patient
cohort is similar and dissimilar to Schwarzer’s. The female
gender was more commonly affected in our study (66%)
and the majority of cases were spontaneous and gradual
in onset (66%) and not due to motor vehicle collision,
lifting, falls, or other traumatic events. Schwarzer’s patient
cohort of IDD cases were predominantly male (66%) and
primarily work related (56%) which logically involved an
episode of poor biomechanics such as improper lifting
techniques or repetitive lifting. The fact that our IDD preva-
lence estimate is in-line with Schwarzer’s suggests a
similar occurrence of lumbar IDD across demographic
categories within the adult population. An injured interver-
tebral disc more commonly causes chronic LBP than
injury of a facet joint or sacroiliac joint and accounts for
half of all chronic LBP cases.

Our prevalence estimate for FJP is significantly higher than
Schwarzer’s 1994 North American finding of 15% (95%
CI = 10% to 20%) which was arrived at by employing less

stringent diagnostic criteria in a cohort of LBP subjects
with median age 38 years. The incongruity between our
FJP prevalence data and Schwarzer’s could be explained
by the difference in age of the groups studied. In a sepa-
rate 1995 paper, using stringent diagnostic block criteria,
Schwarzer reported an Australian FJP prevalence rate of
32% (95% CI = 20% to 44%) in a patient group with a
median age of 59 years [6], which is similar to the mean
age of 53 years for our entire LBP sample. Manichikanti
reported a FJP prevalence rate of 27% (95% CI = 22% to
33%) among a broad range of age groups with a median
age younger (approximately 47 years) [7] than Schwarz-
er’s Australian population and our study cohort. The con-
fidence intervals for the prevalence estimates of the FJP
diagnostic category from our work, Manichikanti’s paper,
and Schwarzer’s Australian paper do not overlap
Schwarzer’s North American report suggesting there may
be categorical differences between studied patient
samples such as age.

Using reduction of LBP as the diagnostic criterion,
Schwarzer found an SIJP prevalence of 30% (95%

Table 1 Prevalence and mean age by source of LBP

Source of LBP (N = 170) Count
Prevalence
(%)

95% CI
prevalence (%)

Mean age
(SD) 95% CI age

Intervertebral disc 71 41.8 (34.6, 49.3) 43.7 (10.3) (41.3, 46.1)
Lumbar facet joint(s) 52 30.6 (24.2, 37.9) 59.6 (13.1) (56.0, 63.3)
Sacroiliac joint(s) 31 18.2 (13.2, 24.7) 61.4 (17.7) (54.9, 67.9)
Vertebral insufficiency fracture 5 2.9 (1.3, 6.7) 79.0 (11.8) (64.3, 93.7)
Pelvic insufficiency fracture 3 1.8 (0.6, 5.1) 71.3 (11.7) (42.2, 100.4)
Baastrup’s disease 3 1.8 (0.6, 5.1) 75.3 (4.7) (63.6, 87.1)
Fusion hardware 5 2.9 (1.3, 6.7) 59.6 (19.4) (35.4, 83.8)

LBP = low back pain; CI = confidence interval; SD = standard deviation.

Table 2 Side and level of source structure for cases of IDD, FJP, and SIJP

IDD (N = 71) (%) FJP (N = 52) (%) SIJP (N = 31) (%)

Side of source structure
Left — 24 (46.2) 17 (54.8)
Right — 16 (30.8) 12 (38.7)
Bilateral — 12 (23.1) 2 (6.5)
N/A 71 (100.0) — —

Level of source structure
L1-2 3 (4.2) 1 (2.0) —
L2-3 12 (16.9) — —
L3-4 6 (8.5) — —
L4-5 21 (29.6) 15 (29.4) —
L5-S1 28 (39.4) 35 (68.6) —
T10-11 1 (1.4) — —
Unknown — 1 —
N/A — — 31 (100)

IDD = internal disc disruption; FJP = facet joint pain; SIJP = sacroiliac joint pain.
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CI = 16% to 44%) utilizing single diagnostic blocks in a
sample with a median age of 33 years. The authors more
selectively screened appropriate subjects to undergo
diagnostic SIJ blocks. When considering the entire LBP
cohort prior to screening, the prevalence as detected by
single diagnostic blocks may have been as low as 13%
(95% CI = 6% to 20%). In a subsequent study, Maigne
employed a dual diagnostic block paradigm and reported
a prevalence rate of 18.5% of SIJP in a subject sample
with a median age of 45 years [10]. Our observed SIJP
prevalence appears similar to both of these previous
reports. If we accept our data and Maigne’s data as more
rigorously obtained, the prevalence rate of SIJP appears
to be on the order of 18–19% and less common than IDD
in the adult LBP population.

Age is associated with the prevalence of IDD, FJP, and
SIJP in adult LBP patients. The mean age of our IDD
subgroup of patients (44 years) was statistically younger
than the mean age of our FJP (60 years) and SIJP (61
years) subgroups, while the latter two groups were similar
in age. The positive relationship between age and the
prevalence of FJP has been previously suggested [6,7].
However, the positive relationship between age and the
prevalence of SIJP has not been previously reported.
Based on our sample, we found that increases in age
were significantly associated with decreases in the prob-
ability of IDD as the source of LBP and increases in age
were significantly associated with increases in the prob-

ability of FJP or SIJP as source the LBP until approxi-
mately age 70. In simpler terms, the younger the LBP
patient, the more likely his or her LBP is discogenic in
origin (Figure 1). In contrast, the older the LBP patient, the
more likely his or her LBP is facetogenic or SIJ in origin
(Figure 1). For the eldest of the population, other sources
of LBP (Baastrup’s disease or insufficiency fractures) were
suggested. Our findings of the relationship between age
and the prevalence estimates of IDD, SIJ, or FJP as the
source of LBP seem congruous with earlier reports.

For ethical reasons, each patient reviewed in this protocol
did not undergo all diagnostic interventions (discography
and diagnostic blocks). Rather, a focused, pragmatic
algorithmic approach was adopted. Ultimately, one could
argue that an erroneous calculation of the prevalence
estimate for lumbar IDD, FJP, and SIJP was committed.
By not performing discography on every patient, it is
plausible that we failed to detect all cases of IDD and
have underreported it. A similar comment could be made
about diagnostic FJ and SIJ blocks. However, each
patient analyzed underwent definitive diagnostic proce-
dures until we reached confirmation of the source of that
patient’s LBP. If a patient was initially evaluated with diag-
nostic FJ and/or SIJ blocks which were negative, that
patient underwent discography to verify the presence of
IDD and vice versa. Only patients whose clinical status
improved with proper care did not undergo diagnostic
procedures.

Table 3 Predicted prevalence estimates based on age compared to estimates from prior studies

Source Study

Estimates from prior studies Estimates based on model†

Age‡ (years) Prevalence (%) 95% CI (%) Prevalence (%) 95% CI (%)

IDD Schwarzer (a) 36.7 39 (29, 49) 77.2 (67.0, 87.3)
Manichikanti (b) ~47 26 (18, 34) 55.0 (45.4, 64.5)

FJP Schwarzer (c) 38.4 15 (10, 20) 16.2 (8.1, 24.3)
Schwarzer (d) 59 32 (20, 44) 40.7 (31.7, 49.8)
Manichikanti (e) ~47 27 (22, 33) 27.5 (19.1, 36.0)

SIJP Schwarzer (f) 32.8 30 (16, 44) 5.3 (0.7, 9.8)
Schwarzer (f) 32.8 13 (6, 44) 5.3 (0.7, 9.8)
Maigne (g) 45.3 18.5 — 12.9 (6.4, 19.5)

CI = confidence interval; IDD = internal disc disruption; FJP = facet joint pain; SIJP = sacroiliac joint pain.
† Predicted prevalence using age value from corresponding study.
‡ Mean or median age from study.
Schwarzer (a): The Prevalence and clinical features of internal disc disruption in patients with chronic low back pain. Spine, Volume
19, Number 17, 1995 pp 1878–1881.
Manichikanti (b): Evaluation of the Relative Contributions of Various Structures in Chronic Low Back Pain. Pain Physician, Volume
4, Number 4, pp 308–316 2001, ISSN 1533-3159.
Schwarzer (c): Clinical Features of Patients with Pain Stemming from the Lumbar Zygapophysial Joints. Spine, Volume 19, Number
10, pp 1132–1137.
Schwarzer (d): Prevalence and clinical features of lumbar Zygapophysial joint pain: a study in an Australian population with chronic
low back pain. Annals of the Rheumatic Diseases 1995; 54: 100–106.
Manichikanti (e): Age-Related Prevalence of Facet-Joint Involvement in Chronic Neck and Low Back Pain. Pain Physician, 2008;
11:67-75 ISSN 1533-3159.
Schwarzer (f): The Sacroiliac Joint in Chronic Low Back Pain. Spine, 1995 Volume 20, Number 1, pp 31–37.
Maigne (g): Results of Sacroiliac Joint Double Block and Value of Sacroiliac Pain Provocation Test in 54 Patients with Low Back
Pain. Spine: Volume 21(16), 15 August 1996 pp 1889–1892.
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Opponents of discography and, to a lesser degree, diag-
nostic procedures in general, would contend that false
positive rates have overestimated our prevalence esti-
mates. Application of meticulous technique and strict
adherence to supported operational criteria for discogra-
phy [39] will minimize false positive rates to acceptably low
levels [38] allowing accurate detection of symptomatic
lumbar internal disc disruption [5,39,43,44]. Similarly, suf-
ficiently performed diagnostic FJ blocks and SIJ injections
are associated with acceptable false positive rates. Lastly,
if our findings were skewed by false positives, we would
have likely observed different prevalence data less con-
gruent with previous reports. By virtue of the fact that
most previously reported prevalence estimates for each
diagnostic group (IDD, FJP, SIJP) fall within our CIs for
each group, our findings are likely accurate.

Our method of determining clinically significant insuffi-
ciency fractures could be attacked due to two recent
randomized controlled trials calling into question the
therapeutic benefit of vertebroplasty when performed
based on MRI imaging. [45,46] Langdon et al. [47], found
that pain with closed-fist percussion was a reliable indica-
tor of symptomatic vertebral compression fracture with a
sensitivity of 87.5% and specificity of 90%. The diagnostic
algorithm for our current study required imaging evidence
of an insufficiency fracture in conjunction with pain on
percussion over the fracture level prior to percutanteous
augmentation. It may be that the performance of verte-
broplasty on patients selected based on imaging findings
is less successful than when performed predicated on
combined imaging and physical examination findings. [48]
Nonetheless, imaging and exam evidence of active insuf-
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Figure 4 Predicted probabilities and 95% confidence intervals for internal disc disruption (IDD), facet joint
pain (FJP), sacroiliac joint pain (SIJP), and other sources of low back pain (LBP) as a function of age.
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ficiency fracture coupled with pain reduction after aug-
mentation of the index fracture solidified that fracture’s
role as the source of the patient’s LBP.

Accurate diagnosis of the specific source of chronic LBP
will help break the futile cycle into which many patients are
directed of ineffective spinal procedures. In essence, the
therapeutic utility of the diagnosis itself is that treatments
can then be directed, or avoided, toward the source of
symptoms. For example, on face it would seem indefen-
sible that a 35-year-old chronic LBP patient would expe-
rience LBP relief after undergoing neurotomy of the
bilateral L4 medial branches and L5 dorsal rami. Despite
the performance of technically sound neurotomy proce-
dures, this procedure is doomed for a poor outcome
because the most likely source of this patient’s symptoms
resides within the anterior column unaffected by a proce-
dure targeting a posterior element. As opposed to dated
beliefs that 90% of LBP cases cannot be diagnosed [1–3],
numerous investigations have now demonstrated that the
converse is in fact true [5–10,49].
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