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Abstract

Objective. To examine the combined relationships
between age, gender, and body mass index (BMI)
and the specific source of chronic low back pain.

Design. Retrospective chart review.

Setting. University spine center.

Patients. Charts from 378 cases from 358 consecu-
tive patients were reviewed and 157 independent
cases from 153 patients who underwent definitive
diagnostic injections were analyzed.

Interventions. Discography, dual diagnostic facet
joint blocks, sacroiliac joint injections, ane-
sthetic interspinous ligaments/opposing spinous
processes/posterior fusion hardware injections,
percutaneous augmentation.

Outcome Measures. Chronic low back pain source
was the primary outcome variable. Predictor

variables included age at initial presentation,
gender, and BMI.

Results. Age, gender, and BMI were each signifi-
cantly associated with the source of chronic low
back pain, after controlling for the effects of each
other. Increases in age were associated with signifi-
cant decreases in the odds of internal disc disrup-
tion (IDD) vs facet joint pain (FJP), sacroiliac joint
pain (SIJP), and other sources and decreases in the
odds of FJP and SIJP vs other sources. Being
female was associated with significant increases in
the odds of SIJP vs IDD, FJP, and other sources.
Increased BMI was associated with significant
increases in the odds of FJP vs SIJP.

Conclusions. These findings suggest a significant
relationship among gender, age, and BMI and struc-
tural causes of chronic low back pain. Lumbar IDD is
more prevalent in young males while FJP is more
prevalent in females with increased BMI. Female
gender and low BMI are associated with SIJP.

Key Words. Low Back Pain; Chronic Pain;
Disparities-Gender; Facet Joint; Intervertebral Disc;
Interventional; Lumbar; Sacroiliac Joint; Zygoapo-
physeal Joint; Body Mass Index

Introduction

Internal disc disruption (IDD) is the most common source
of chronic low back pain (CLBP) followed by facet joint
pain (FJP) and sacroiliac joint pain (SIJP) [1–4]. Schwarz-
er’s initial prevalence estimate for lumbar IDD (39%) was
reported from a CLBP group comprised of 61% male
subjects [2]. Female gender has been shown to correlate
with SIJP by some investigators [5,6] but not others [3,7].
Similarly, FJP has been suggested to occur more fre-
quently in female CLBP subjects [4], yet FJP has also
been documented in young, male adult CLBP patients [8].
Gender has been shown to not influence CLBP patient’s
report of exact or similar LBP during discography [2].

Age has previously been shown to correlate with the
source of CLBP in adult subjects [1]. IDD tends to occur
more routinely in younger CLBP patients while prevalence
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of FJP and SIJP increases with age [1,4,9]. Controlling for
the effect of age would allow more definitive assessment
of gender on sources of CLBP and vice versa. However,
such a study has yet to be published.

Body mass index (BMI) has been shown to correspond in
a dose-dependent manner with disc degeneration [10].
Samartzsis et al. performed a cross-sectional analysis of
2,252 Chinese citizens and reported a positive relationship
between BMI and disc degeneration (DD). BMI was shown
to be positively associated with DD severity, number of DD
levels, and herniation score after adjusting for subject age
and workload [10]. Although this is the largest population-
based study to systematically assess lumbar DD and BMI,
the relationship between BMI and the specific structural
source of CLBP has yet to be explored. Irwin et al. found
no association between proven SIJP and BMI [9]. Yet,
Heuch et al. observed increasing prevalence of nonspe-
cific CLBP in individuals with high BMI regardless of
gender [11].

The purpose of the present study was to explore the
effects of age, gender, and BMI on the specific source of
CLBP, collectively, in order to assess for a link between a
combination of these variables and the structural etiology
of CLBP. Because each of these variables may either
mediate or moderate the relationship between the other
variables and CLBP, a multivariable model that considers
these variables in conjunction with each other may better
illuminate the effects they have on the specific source of
the patient’s CLBP.

Methods

Participants

After Institutional Review Board approval, 378 consecu-
tive charts from 358 CLBP patients presenting between
November 2007 and December 2008 were reviewed.
Patients were evaluated at a community-based academic
interventional spine care practice after being referred by
community and university physicians from many sub-
specialties. Enrolled cases were patients with CLBP
unresponsive to physical therapy, analgesics, and/or
anti-inflammatory medications.

Eighteen patients presented with more than one case
during the period the charts were reviewed; 16 patients
with two cases and two patients with three cases, for a
total of 38 cases. Seven of the 18 patients presented with
multiple cases at the same point in time (six with two
cases and one with three cases) and the remaining 11
presented at different points in time (10 with two cases
and one with three). The seven cases with multiple cases
at the same point in time were excluded as these sources
could not be reasonably considered to be independent
events. Of the remaining 363 cases from 351 patients,
157 cases underwent diagnostic injections and 206 did
not due to clinical improvement in their symptoms. These
patients were excluded from the analysis. Thus, the

sample used for analysis consists of 157 cases from 153
patients who underwent definitive diagnostic spinal injec-
tions to identify the source of their CLBP in order to
implement more definitive treatment.

Measures

To determine the source of CLBP, each patient underwent
provocation lumbar discography, dual diagnostic medial
branch blocks with local comparative anesthetics, intra-
articular diagnostic SIJ injections (SIJB), injection of anes-
thetic into putatively painful interspinous ligaments/
opposing spinous processes/posterior fusion hardware,
or percutaneous augmentation depending on the clinical
presentation [1]. Some subjects underwent multiple diag-
nostic injections until the source of their LBP was identi-
fied. If the initial diagnostic injection 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 injections were not
performed. This interventional spine care diagnostic algo-
rithm was consistently applied to all consecutive CLBP
patients evaluated by the lead author and has previously
been published [1].

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 [12–14].
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 [15–17]. 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
[18–23].

Based on the results of diagnostic injections or LBP
reduction after percutaneous augmentation, subjects
were classified as having IDD, FJP, SIJP, or other sources
of LBP (fusion hardware mediated soft tissue pain, Baas-
trup’s disease, or vertebral or sacral insufficiency frac-
tures). The classification of this source of CLBP was the
primary outcome variable of interest in this study. The
predictor variables considered for this analysis were avail-
able from the patient’s charts and include age at initial
presentation, gender, height, and weight. BMI was calcu-
lated from the height and weight measurements.

Statistical Analyses

Initially, the prevalence of each source was estimated in
this population by computing the proportion of patients
with each diagnosed source presenting with CLBP out of
all diagnosed patients. The mean age, proportion of
males/females, and mean BMI for each of the diagnostic
groups were estimated and compared statistically
between the IDD, FJP, SIJP, and other source groups
using analysis of variance and chi-square tests.
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Next, the bivariate relationship between each of the pre-
dictors (age, gender, and BMI) and the probability of the
sources of CLBP (IDD, FJP, SIJP, or other) was estimated
with multinomial logistic regression analyses assuming a
generalized logit link function. The three predictor vari-
ables were then simultaneously modeled with a single
multinomial logistic regression model to explore the
adjusted relationship between the predictors and
the source of CLBP. Pairwise interaction effects among
the three variables were tested to determine if the effect of
one predictor on the source of CLBP depends on (i.e., is
modified by) another predictor. Odds ratios and 95% con-
fidence intervals (CIs) were used to describe the relation-
ship between the predictor variables and the source of
CLBP. The significance level for all tests was 5%. SAS
v.9.2 (Copyright © 2002–2008 by SAS Institute Inc., Cary,
NC, USA) was used for all data analyses and Microsoft ®
Office Excel ® 2007 was used for all graphics.

Results

Cases of CLBP were primarily female (67%), presented
at an average age of 54 years (standard deviation
[SD] = 16.1), and had a median duration of LBP of 12

months (interquartile range [IQR] = 6 to 36). The estimated
prevalence of each source of CLBP in this population is
summarized in Table 1.

Patient characteristics are summarized by source of LBP
in Table 2. The mean age was significantly different among
the source groups (F [3, 153] = 27.5, P < 0.001). IDD
cases were significantly younger than FJP, SIJP, and other
source groups, and FJP cases were significantly younger
than other sources. Mean age was not significantly differ-
ent between FJP and SIJP, or between SIJP and other
sources. The percent of female cases was significantly
different among the source groups (c2 = 12.7, df = 3,
P = 0.005). SIJP cases had significantly greater percent-
ages of females than IDD or other cases of CLBP. The
percent female was not significantly different between FJP
and SIJP, or between other and IDD, FJP, or SIJP sources.
The mean BMI was significantly different among the
source groups (F [3, 151] = 4.9, P = 0.003). FJP cases
had significantly higher BMI than SIJP cases. There were
not significant differences in mean BMI between IDD and
FJP, SIJP, or other sources, or between other sources and
IDD or SIJP.

The probability of the sources of CLBP was modeled as a
function of each predictor variable, without adjusting for
other characteristics. Each predictor was significantly
associated with the source of CLBP: age (P < 0.001),
gender (P = 0.005), and BMI (P = 0.001). A multivari-
able generalized logistic regression model indicated that
age (chi-square = 37.5, df = 3, P < 0.001), gender (chi-
square = 10.8, df = 3, P = 0.013), and BMI (chi-
square = 9.5, df = 3, P = 0.024) were each associated
with the source of CLBP, after controlling for the effects of
each other. There was no evidence of significant pairwise
interaction effects between age and gender (P = 0.73),
age and BMI (P = 0.40), or gender and BMI (P = 0.29).

The unadjusted and adjusted odds ratios comparing the
sources for a 5-year increase in age, for females vs males,
and for a 5 kg/m2 increase in BMI are summarized in
Table 3. Increases in age were associated with significant
decreases in the adjusted odds of IDD vs FJP, SIJP, and
other sources and decreases in the adjusted odds of FJP
and SIJP vs other sources, after controlling for gender and
BMI. Being female was associated with significant

Table 1 Prevalence of source of chronic low
back pain

Count Prevalence 95% CI

Intervertebral disc (IDD) 68 43.3 (35.8, 51.1)
Lumbar facet joint(s)

(FJP)
49 31.2 (24.5, 38.8)

Sacroiliac joint(s) (SIJP) 28 17.8 (12.6, 24.6)
Other 12 7.6 (4.4, 12.9)

Pelvic insufficiency
fracture

2 1.3 (0.4, 4.5)

Vertebral insufficiency
fracture

4 2.5 (1.0, 6.4)

Interspinous ligament
pain

2 1.3 (0.4, 4.5)

Other posterior
element

4 2.5 (1.0, 6.4)

CI = confidence interval.

Table 2 Patient characteristic by source of low back pain

Overall IDD FJP SIJP Other

Female, count (percent) 103 (65.6) 38 (55.9) 34 (69.4) 25 (89.3) 6 (50.0)
Age, mean (SD) 54.1 (16.1) 43.7 (10.4) 59.8 (12.8) 62.3 (17.5) 70.8 (16.4)
Duration, median (IQR) 12 (6 to 36) 12 (6 to 33) 17 (7 to 36) 12 (3 to 60) 10.5 (2 to 33)
Height, mean (SD) 66.5 (4.5) 68.1 (3.8) 65.2 (4.4) 64.6 (3.6) 68.2 (6.6)
Weight, mean (SD) 194.9 (48.5) 206.3 (47.5) 199.3 (47.2) 161.2 (38.5) 188.6 (49.3)
BMI, mean (SD) 31.0 (7.7) 31.4 (7.2) 33.4 (8.9) 27.0 (5.8) 28.1 (4.2)

FJP = facet joint pain; IDD = intervertebral disc; IQR = interquartile range; SD = standard deviation; SIJP = sacroiliac joint pain.
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increases in the adjusted odds of SIJP vs IDD, FJP, and
other sources, after controlling for age and BMI. Increased
BMI was associated with significant increases in the
adjusted odds of FJP vs SIJP, after controlling for age and
gender. The adjusted predicted probability of each spe-
cific source of CLBP and the associated 95% CIs are
summarized by age (20, 35, 50, 65, and 80 years) and
BMI (18.5, 25, 30, and 35), for males and females in
Tables 4 and 5, respectively, and plotted in Figure 1.

Discussion

In summary, all three variables, age, gender, and BMI
were significantly associated with the source of CLBP.
For young adults (ages 20 or 35 years), IDD was the
most likely source of CLBP (70–98%), regardless of
gender or BMI. For patients approximately 50 years in
age, IDD was the most likely source (40–65%), except
for females with low BMI, 18.5 kg/m2, for whom SIJP
was more likely (49%). FJP was the most likely source of
CLBP for male patients who were approximately 65
years in age (30–54%), regardless of BMI, whereas for
female patients who were 65 years, FJP was most likely
(46–57%) when BMI was 30 or 35 kg/m2 and SIJP was
most likely (46–64%) when BMI was 18.5 or 25 kg/m2.
Male patients who were 80 years old had other sources
as the most likely source of CLBP (47–53%) when BMI

was 18.5, 25, or 30 kg/m2, and FJP as the most likely
source (49%) when BMI was 35 kg/m2. Female patients
who were 80 years old had SIJP as the most likely
source (45–62%) when BMI was 18.5 or 25 kg/m2 and
FJP as the most likely source (47–58%) when BMI was
30 or 35 kg/m2.

These findings suggest that decreased age and being
male was associated with an increased probability of
lumbar IDD as the source of CLBP for adult patients. FJP
was more frequently associated with increased age and
increased BMI. Older age, decreased BMI and being
female was associated with SIJP. This is the first publica-
tion to assess the combined relationship of age, gender,
and BMI on the source of CLBP in consecutive patients
undergoing definitive diagnostic spinal injections and
further research supporting these relationships are
warranted.

Irwin et al. previously reported an association between
increased age and SIJP but no association between SIJP
and gender and no difference in BMI between SIJP and
non-SIJP [9]. However, these investigators did not
perform a multivariable analysis to control for multiple
variables while assessing just one. Furthermore, the CLBP
cohort studied by Irwin et al. was described as SIJP or
not. So the association of BMI with SIJP and other specific
sources (IDD or FJP) could not be examined.

Table 3 Unadjusted and adjusted odds ratios

Unadjusted Adjusted

Odds Ratio 95% CI Odds Ratio 95% CI

Age, 5-year increase
IDD vs FJA 0.908 (0.876, 0.942) 0.592 (0.488, 0.718)
IDD vs SIJ 0.897 (0.860, 0.935) 0.604 (0.488, 0.746)
IDD vs other 0.465 (0.350, 0.618) 0.437 (0.317, 0.603)
FJA vs SIJ 0.987 (0.955, 1.020) 1.020 (0.855, 1.216)
FJA vs other 0.752 (0.589, 0.959) 0.739 (0.557, 0.980)
SIJ vs other 0.802 (0.621, 1.035) 0.724 (0.538, 0.976)

Gender, female vs male
IDD vs FJA 0.559 (0.258, 1.211) 0.588 (0.235, 1.474)
IDD vs SIJ 0.152 (0.042, 0.552) 0.133 (0.033, 0.539)
IDD vs other 1.267 (0.371, 4.328) 1.702 (0.358, 8.082)
FJA vs SIJ 0.272 (0.071, 1.042) 0.226 (0.056, 0.908)
FJA vs other 2.267 (0.627, 8.188) 2.895 (0.672, 12.479)
SIJ vs other 8.333 (1.604, 43.288) 12.794 (2.149, 76.162)

BMI, 5-unit increase
IDD vs FJA 0.852 (0.673, 1.080) 0.813 (0.602, 1.097)
IDD vs SIJ 1.685 (1.138, 2.495) 1.518 (1.004, 2.296)
IDD vs other 1.431 (0.867, 2.360) 1.043 (0.589, 1.847)
FJA vs SIJ 1.977 (1.315, 2.972) 1.867 (1.249, 2.791)
FJA vs other 1.679 (1.007, 2.797) 1.283 (0.746, 2.207)
SIJ vs other 0.849 (0.478, 1.509) 0.687 (0.373, 1.268)

CI = confidence interval; FJP = facet joint pain; SIJP = sacroiliac joint pain; IDD = intervertebral disc; SIJ = sacroiliac joint.
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Table 4 Predicted probabilities of sources of CLBP for males by age and BMI

Age BMI

IDD FJP SIJP Other Most
Likely
SourceProb. 95% CI Prob. 95% CI Prob. 95% CI Prob. 95% CI

20 18.5 0.979 (0.948, 1.000) 0.011 (0.000, 0.029) 0.009 (0.000, 0.028) 0.001 (0.000, 0.003) IDD
25 0.980 (0.952, 1.000) 0.015 (0.000, 0.036) 0.005 (0.000, 0.016) 0.001 (0.000, 0.002) IDD
30 0.978 (0.949, 1.000) 0.018 (0.000, 0.043) 0.003 (0.000, 0.010) 0.001 (0.000, 0.002) IDD
35 0.975 (0.942 1.000) 0.022 (0.000, 0.053) 0.002 (0.000, 0.007) 0.001 (0.000, 0.002) IDD

35 18.5 0.906 (0.806, 1.000) 0.050 (0.000, 0.108) 0.038 (0.000, 0.101) 0.007 (0.000, 0.023) IDD
25 0.906 (0.825, 0.988) 0.065 (0.002, 0.128) 0.022 (0.000, 0.055) 0.006 (0.000, 0.019) IDD
30 0.900 (0.818, 0.982) 0.080 (0.009, 0.150) 0.015 (0.000, 0.036) 0.006 (0.000, 0.017) IDD
35 0.888 (0.795, 0.982) 0.097 (0.012, 0.182) 0.009 (0.000, 0.024) 0.006 (0.000, 0.016) IDD

50 18.5 0.648 (0.428, 0.867) 0.171 (0.036, 0.307) 0.125 (0.000, 0.281) 0.056 (0.000, 0.150) IDD
25 0.649 (0.486, 0.812) 0.225 (0.095, 0.354) 0.073 (0.000, 0.157) 0.053 (0.000, 0.121) IDD
30 0.634 (0.484, 0.784) 0.270 (0.138, 0.402) 0.047 (0.000, 0.102) 0.050 (0.000, 0.107) IDD
35 0.607 (0.440, 0.774) 0.318 (0.164, 0.472) 0.029 (0.000, 0.068) 0.046 (0.000, 0.103) IDD

65 18.5 0.239 (0.044, 0.434) 0.305 (0.101, 0.508) 0.209 (0.000, 0.438) 0.248 (0.000, 0.510) FJP
25 0.240 (0.085, 0.396) 0.401 (0.218, 0.584) 0.122 (0.000, 0.254) 0.236 (0.053, 0.419) FJP
30 0.231 (0.088, 0.374) 0.474 (0.293, 0.655) 0.077 (0.000, 0.167) 0.218 (0.049, 0.386) FJP
35 0.215 (0.068, 0.362) 0.543 (0.341, 0.746) 0.047 (0.000, 0.110) 0.194 (0.003, 0.386) FJP

80 18.5 0.042 (0.000, 0.104) 0.261 (0.014, 0.508) 0.169 (0.000, 0.397) 0.527 (0.153, 0.902) Other
25 0.043 (0.000, 0.099) 0.348 (0.086, 0.610) 0.100 (0.000, 0.232) 0.509 (0.000, 0.096) Other
30 0.042 (0.000, 0.096) 0.418 (0.117, 0.719) 0.064 (0.000, 0.155) 0.476 (0.131, 0.821) Other
35 0.040 (0.000, 0.094) 0.487 (0.118, 0.857) 0.040 (0.000, 0.105) 0.433 (0.026, 0.839) FJP

CI = confidence interval; FJP = facet joint pain; IDD = intervertebral disc; SIJP = sacroiliac joint pain.

Table 5 Predicted probabilities of sources of CLBP for females by age and BMI

Age BMI

IDD FJP SIJP Other Most
Likely
SourceProb. 95% CI Prob. 95% CI Prob. 95% CI Prob. 95% CI

20 18.5 0.918 (0.800, 1.000) 0.018 (0.000, 0.047) 0.064 (0.000, 0.171) <0.001 (0.000, 0.002) IDD
25 0.938 (0.863, 1.000) 0.024 (0.000, 0.057) 0.038 (0.000, 0.095) <0.001 (0.000, 0.001) IDD
30 0.945 (0.883, 1.000) 0.029 (0.000, 0.068) 0.025 (0.000, 0.062) <0.001 (0.000, 0.001) IDD
35 0.947 (0.887, 1.000) 0.036 (0.000, 0.082) 0.017 (0.000, 0.042) <0.001 (0.000, 0.001) IDD

35 18.5 0.707 (0.462, 0.950) 0.066 (0.000, 0.142) 0.225 (0.000, 0.455) 0.003 (0.000, 0.012) IDD
25 0.763 (0.609, 0.916) 0.093 (0.009, 0.177) 0.141 (0.017, 0.265) 0.003 (0.000, 0.011) IDD
30 0.784 (0.658, 0.910) 0.118 (0.028, 0.208) 0.095 (0.013, 0.178) 0.003 (0.000, 0.010) IDD
35 0.788 (0.663, 0.913) 0.146 (0.043, 0.248) 0.063 (0.002, 0.125) 0.003 (0.000, 0.009) IDD

50 18.5 0.339 (0.115, 0.564) 0.153 (0.023, 0.283) 0.491 (0.235, 0.747) 0.017 (0.000, 0.054) SIJP
25 0.404 (0.243, 0.564) 0.238 (0.108, 0.368) 0.339 (0.184, 0.494) 0.019 (0.000, 0.052) IDD
30 0.430 (0.295, 0.565) 0.312 (0.187, 0.436) 0.238 (0.125, 0.351) 0.020 (0.000, 0.050) IDD
35 0.435 (0.299, 0.571) 0.387 (0.257, 0.518) 0.159 (0.056, 0.261) 0.019 (0.000, 0.048) IDD

65 18.5 0.097 (0.000, 0.197) 0.210 (0.057, 0.362) 0.635 (0.424, 0.846) 0.059 (0.000, 0.148) SIJP
25 0.121 (0.026, 0.217) 0.345 (0.209, 0.481) 0.464 (0.318, 0.610) 0.070 (0.000, 0.144) SIJP
30 0.132 (0.039, 0.225) 0.462 (0.333, 0.591) 0.333 (0.209, 0.457) 0.073 (0.006, 0.140) FJP
35 0.134 (0.040, 0.228) 0.574 (0.431, 0.717) 0.222 (0.092, 0.352) 0.071 (0.000, 0.144) FJP

80 18.5 0.021 (0.000, 0.051) 0.215 (0.047, 0.383) 0.615 (0.373, 0.857) 0.150 (0.000, 0.329) SIJP
25 0.026 (0.000, 0.059) 0.351 (0.177, 0.525) 0.446 (0.256, 0.636) 0.177 (0.032, 0.322) SIJP
30 0.028 (0.000, 0.062) 0.469 (0.284, 0.654) 0.319 (0.145, 0.493) 0.184 (0.037, 0.332) FJP
35 0.028 (0.000, 0.063) 0.582 (0.371, 0.793) 0.212 (0.044, 0.380) 0.178 (0.000, 0.359) FJP

CI = confidence interval; FJP = facet joint pain; IDD = intervertebral disc; SIJP = sacroiliac joint pain.
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Potential explanations for an association between SIJP
and female gender and lower BMI include pregnancy-
related changes to the SIJ [24–28], different biomechani-
cal behavior of the SIJ between genders [24,29,30], and
displacement of weight line anterior to the pelvis in lower
BMI subjects. Specific examples of pregnancy-related
factors such as poor pelvic floor musculature condition-
ing, intra-articular bleeding during birthing process, and
hormonal induced joint laxity may explain why we
observed a significant relationship between female gender
and SIJP.

Degenerative spinal changes are more prevalent with age
[31–33]. Inherent in this process is loss of disc height and
increased load borne by the posterior elements [34]. Con-
sequently, FJP may become more prevalent in older age
groups given these biomechanical changes and load
transfer within the aged lumbosacral spine. Perhaps, the
influence of BMI in the female gender supports this rela-
tionship. Increased BMI in women with LBP apparently
increases lumbar lordosis [35]. Load on the facet joints
increases with upright posture especially in the setting of
disc degeneration [34,36–38]. Although lumbar hyperex-

tension as an isolated physical exam maneuver does not
provoke pain in injection proven FJP CLBP [39], the pre-
viously mentioned biomechanical features are descriptive
of the patient cohort likely to experience FJP.

Perhaps most interesting was our observation of a lack of
association between BMI and IDD in chronic LBP patients.
This finding is not entirely compliant with previous reports
insinuating a positive association between BMI and disc
degeneration evidenced by lumbar spine magnetic reso-
nance imaging (MRI) [10]. A simple and quick explanation
is that disc degeneration on MRI cannot detect IDD [40]
and is therefore an unreliable screening tool for IDD [41].
BMI evidently correlates with the presence of MRI mor-
phologic changes of disc degeneration but, based on our
results, it does not appear to relate with painful discs
meeting criteria for IDD. The association between male
gender and IDD may reflect genetic predisposition [42],
propensity for gender differences in lifting activities, or
selection bias inherent in a retrospective review. For
example, we did not specifically address and control for
smoking and occupational workload such as repetitive
lifting.

Figure 1 Probability of CLBP
sources by age and BMI for
males and females.
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Ultimately, one could argue that we erroneously calculated
the prevalence estimate for lumbar IDD, FJP, and SIJP.
Each patient we analyzed underwent definitive diagnostic
procedures until we reached confirmation of the source of
that patient’s LBP. If a patient was initially evaluated with
diagnostic FJ and/or SIJ blocks that 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. Application of meticulous technique and strict
adherence to supported operational criteria for discogra-
phy [14] will minimize false positive rates to acceptably low
levels [13] allowing accurate detection of IDD [2,14,43,44].
Similarly, sufficiently performed diagnostic FJ blocks and
SIJ injections are associated with acceptable false positive
rates. We have previously reported our results using this
approach [1].

Still, our retrospective methodology is limited by inherent
selection bias. Stated differently, the sequence of the diag-
nostic injections may prejudice subjects to responding to
their first diagnostic injection. Medial branch and sacroiliac
joint blocks may be more prone to this error than con-
trolled provocation discography. The optimal scenario
would be to expose all study subjects to all diagnostic
injections in a randomized order. Such a study is imprac-
tical and would not be accepted by patients. Under these
circumstances, our data is a best possible estimate.
Strengthening our stance are Schwarzer’s findings of mul-
tiple positive injections occurring in �3% of a reasonably
large cohort of subjects undergoing two or three of our
diagnostic injections [3,45]. On these grounds, our pre-
sented data could be viewed as possessing an acceptably
low 3% error margin.

Lastly, if our findings were skewed by false positives, we
would have likely observed different prevalence data less
congruent 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 fairly accurate
[3,45].

Conclusions

Our preliminary findings suggest there is a significant rela-
tionship among gender, age, and BMI and structural
causes (IDD, FJP, SIJP) of chronic LBP. Lumbar IDD is
more prevalent in young males while FJP is more prevalent
in females with increased BMI. Female gender and low
BMI are associated with SIJP.
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