
ORIGINAL RESEARCH
Relationship Between Radiographic

Lumbosacral Spine Mensuration and
Chronic Low Back Pain Intensity: A Cross-
sectional Study

Savannah K. Shortz, DC, MS, DACBR, a and Mitchell Haas, DC, MAb
a Department o
ity of Western S
b Earl E. Bakk
f Minnesota, M
Corresponding

900 NE 132nd A
-mail: skshortz@
Paper submitte

017; accepted Oc
1556-3707
© 2017 Natio
https://doi.org
ABSTRACT
Objective: The purpose of this study was to investigate correlative factors affecting chronic low back pain (CLBP),
with special emphasis on the radiographic postural findings in the sagittal lumbosacral spine.
Methods: A cross-sectional study alongside a randomized trial was conducted. Standing lateral lumbar spine radiographs
from 352 patients with CLBP enrolled in a randomized trial were analyzed and radiographic mensuration of lumbar lordosis,
lumbosacral disc angle, and sacral inclination performed. These angles were correlated with baseline variables, including
CLBP intensity, age, and sex. Multiple polynomial regressions were performed in which CLBP intensity was regressed on
linear and quadratic terms of lumbar lordosis to investigate the possibility of greater pain with hypo- and/or hyperlordosis.
Results: There was no significant correlation of the angles with pain and age (r ≤ 0.09, P N .05). Weak but statistically
significant correlation was identified between all 3 measurements and sex (r = –0.12 to 0.21, P b .05). Greater pain was not
noted for hypo- and hyperlordosis; regression coefficients for the linear and quadratic effects were approximately 0 (P N .05).
Conclusion: This study determined that there was no correlation between lumbar lordosis and pain levels for people
with CLBP; thus, use of lumbar spine radiographic mensuration in the management of pain for people with CLBP is
not recommended. (J Chiropr Med 2018;17:1-6)

Key Indexing Terms: Low Back Pain; Posture; Lordosis; Radiography
INTRODUCTION clinicians continue to assess the lordosis and consider their
Low back pain (LBP) is considered the single leading
cause of professional and social disability worldwide.1 At
least 70% of the population experiences low back pain at least
once during their lifetime.2 Despite its socioeconomic impact
and high prevalence,3 the etiology and understanding of the
disease remain relatively enigmatic. Changes in the lumbar
lordosis have been debated as a correlating factor in the
production of LBP, with previous studies finding varying
results.4-7 Despite the differing conclusions regarding sagittal
alignment of the lumbar spine and its association with LBP,
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findings when creating a treatment plan.
Historically, clinicians have noted a relationship between

aberrations of lumbar spine posture and the development of
low back pain.8 Abnormal posture causes straining of the
highly innervated soft tissues, with tightening of the static
postural muscles and weakening of dynamic musculature,
thus indirectly altering the lumbar lordosis.9 Additionally,
these habitual postural abnormalities lead to excessive
shearing of the joints and eventually degeneration of the
articular surfaces.8 Based on these findings, it has been
speculated that deviation away from the “normal” lumbar
lordosis plays a role in the production of low back pain.4

Consequently, the significance of radiographic mensuration
of the lumbosacral spine used in practice requires further
evaluation to see if it warrants a place in clinical practice.

In addition to aberrant posture, many factors have been
suggested to play a role in the sagittal alignment of the lumbar
spine. It has been proposed by previous authors that differences
of the lordotic curve, as well as other sagittal lumbosacral
measurements, including sacral inclination and the lumbosa-
cral disc angle, may correlate with sex and age.5,10-12 It is
important to examine the effects of these particular factors as
they partake in the patient-specific treatment.
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Currently there is no general consensus on whether or
not there is a relationship between low back pain and the
sagittal lordosis of the lumbar spine.4-7 The inconsistency
of the findings could be due to error introduced by
radiographic technique and mensuration as well as the
sample participants. In addition, studies use a variety of
methods to measure lordosis (eg, radiographs and flexible
rulers), which may contribute to inconsistency. If radio-
graphs are used, different techniques are used to measure
lordosis. Furthermore, participants vary from study to study
in sample size, sex, and age, all of which leave room for
differences of findings. Studies with small sample sizes
have been conducted with varied results.4,6,7,12,13 Hence,
there has been a need to reevaluate the relationship between
pain and posture using a larger sample size. The failure to
agree suggests the need for further studies to investigate the
relationship between low back pain and lordosis. Because
clinicians continue to evaluate lumbar lordosis and other
associated angles when forming a treatment plan for their
patients, it is essential that their clinical significance, if any,
be examined. The presence or absence of a correlation with
pain will give preliminary evidence on the viability of the
use of radiographic mensuration for the care of chronic LBP
(CLBP).

The purpose of this study was to evaluate correlation
between radiographic postural findings in the sagittal
lumbosacral spine, including lumbar lordosis, lumbosacral
disc angle, and sacral inclination posture and pain intensity
for people with CLBP. The primary hypothesis was that the
3 angles are correlated with CLBP intensity, age, and sex,
with emphasis on the relationship between lumbar lordosis
and CLBP. A secondary hypothesis was a quadratic
association between LBP and lumbar lordosis, such that
greater pain would be noted at the higher and lower ends of
the lordosis range.
METHODS

Design
This was a secondary analysis utilizing baseline data and

lumbar spine radiographs from a National Institutes of
Health–funded randomized controlled trial by Haas et al14

using a cross-sectional design. The correlation of sagittal
plane lumbosacral angles with participant characteristics
was explored.
Participants
The study included 352 of the 400 original participants.

They were required to have a current history of at least 3
consecutive months of nonspecific CLBP of mechanical
origin. Participants were required to be at least 18 years old
and required to have had some LBP on 30 days in the prior
6 weeks and a minimum LBP index of 25 on a 100-point
scale to prevent floor effects. Participants were excluded if
they received manual therapy within the previous 90 days,
or for contraindications to study interventions and compli-
cating conditions such as active cancer, spinal pathologic
conditions, inflammatory arthropathies, autoimmune
disorders, anticoagulant conditions, neurodegenerative
diseases, pain radiating below the knee, organic referred
pain, pregnancy, and disability compensation.14 Addition-
ally, any participants who had congenital bony anomalies or
spondylolisthesis on the radiographs were not included in
the study. Furthermore, survey data were unavailable for 15
participants and they were therefore not included in the
study. All participants signed a participant information and
consent form authorizing later use of the collected data and
radiographs. This project was approved by the University of
Western States Institutional Review Board.
Outcomes and Baseline Variables
A baseline questionnaire, validated by Jensen et al,15

was completed by the participants during the original study;
it included age, sex, and average LBP in the last 4 weeks on
a numeric pain rating scale from 0 to 10. The data were
collected from the baseline surveys and recorded.
Radiographic Mensuration
Measurements were taken on standing lateral lumbar

plain film radiographs, including lumbar lordosis, lumbo-
sacral disc angle, and sacral inclination. Each measurement
was made with the use of a Cobb ruler and a radiographic
pencil by the author of this study to reduce room for error.
Each participant was assigned a study identification
number, and at no point was the participant’s legal name
included within the data.

To find the lumbar lordosis angle, the 4-line Cobb
method was used. This method has high reliability and
precision (intraclass correlation = 0.98).16 The lumbar
lordosis angle was found by drawing 2 straight lines
tangentially to the superior endplate of the first lumbar
vertebrae and the inferior endplate of fifth lumbar spine
vertebrae. Perpendicular lines were then drawn, and the
angle formed by the 2 intersecting lines was measured and
documented (Fig 1). The lumbosacral disc angle was
measured by drawing 2 lines. The first line was drawn
parallel to the inferior endplate of the fifth lumbar spine
vertebrae, and the second line was drawn parallel to the
superior endplate of the first sacral segment. The anterior
angle formed by the intersecting 2 lines was measured and
documented (Fig 2).17 Lastly, sacral inclination was
measured by drawing 2 lines. First, a tangential line was
drawn parallel to and through the posterior margin of the
first sacral segment. Then a vertical line was drawn
intersecting the tangential sacral line, and the angle formed
was measured and reported (Fig 3).17



Fig 1. Lumbar lordosis.
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Statistical Analysis
Using Pearson correlation coefficients, the correlation

between each of the 3 radiographic angles (lumbar lordosis,
lumbosacral disc angle, and sacral inclination) and each of
the baseline variables (average CLBP, age, and sex) was
calculated. Additionally, a linear regression analysis was
conducted to evaluate the relationship of hypolordosis and
hyperlordosis with chronic LBP. Low back pain was regressed
on linear and quadratic terms for lumbar lordosis in a single
model. A significant quadratic term would indicate increased
pain with hypolordosis and hyperlordosis. Statistical signifi-
cance was set at α = .05. All analysis was conducted using
Microsoft Excel 2010 (Microsoft, Redmond, Washington).
RESULTS

Participant Characteristics
In a sample of 352 participants with at least 3 months of

CLBP, there were 166 women (47%) and 186 men (53%).
Their ages ranged from 18 to 81 with a mean age of 41.5
years (Table 1). The mean LBP intensity was 4.7 out of 10
(standard deviation = 1.7).
Lumbar Lordosis Angle
The range of lordosis was between 5° and 78° with a mean

of 43.3 ± 11.0° (Table 1). The lordosis correlated poorly with
average CLBP (r = 0.09) and was determined to not be
statistically significant (P = .175) (Table 2). No notable linear
or quadratic trends in chronic LBP were identified for the
lordosis angle (regression coefficients equaled approximately
zero). Furthermore, there was no significant correlation
identified between lordosis angle and age (r = –0.01, P =
.652). However, a weak but statistically significant
correlation between the lumbar lordosis angle and sex
(r = –0.12, P = .026) was revealed. The mean lumbar
lordosis identified in men was 2.6° less than that of women.
Sacral Inclination Angle
Sacral inclination angles had a wide range from 18.5° to

77° with an average of 52.7 ± 7.8° (Table 1). Statistical
analysis with Pearson correlation coefficients identified no
statistically significant correlation between sacral inclination
and average CLBP (r = 0.09, P = .204) (Table 2).
Additionally, there was no significant correlation noted
between sacral inclination and age (r = –0.05, P = .110). A
weak (r = –0.15) but statistically significant correlation (P =
.005) was identified between sacral inclination and sex. Men
had a mean sacral inclination 2.3° less than women did.
Lumbosacral Disc Angle
The measurements of lumbosacral disc angle ranged from

3° to 28° with an average of 14.5 ± 5.0° (Table 1). No
statistically significant correlation was identified between
lumbosacral disc angle and average CLBP (r = –0.04, P =
.378) (Table 2). Furthermore, statistical analysis revealed no
significant correlation between lumbosacral disc angle and
age (r = 0.01, P = .941). However, a weak but statistically
significant correlation was identified between lumbosacral
disc angle and sex (r = 0.21, P b .001). Men had a mean
lumbosacral disc angle 2° higher than women did.
DISCUSSION

With respect to lumbar lordosis and CLBP, prior studies
have varied greatly in their results.4-7 In the present study, no
statistically significant correlation was identified between the
degree of lumbar lordosis and pain in a CLBP population.
Our results agree with Hansson et al,6 who reported no
relationship between lumbar lordosis and acute or CLBP.
Additionally, in a 2001 study by Nourbakhsh et al,5 no
difference was identified between normal participants and
symptomatic patients in a study on CLBP. In contrast,
Jackson et al7 reported a significantly decreased lumbar
lordosis in the CLBP patients. The inconsistency of the
findings could be due to a multitude of factors, including
variations in sample size, demographic features of the sample



Fig 2. Lumbosacral disc angle.
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population (age, race, and sex), and radiographic measure-
ment technique.

Our statistical analysis identified no significant correlation
between the degree of lumbar lordosis and age, which is not
consistent with prior research. With respect to increasing age,
it has been accepted that a total loss of lordosis occurs.
Dreischarf et al10 reported an average 20% loss of lumbar
lordosis with aging in their 2014 study on asymptomatic
participants. Nourbakhsh et al5 reported a significant loss of
lordosis in the group aged 50 to 65 compared with the
younger participant groups. However, they also identified no
relationship between age and lumbar lordosis in the younger
participant groups. Researchers who have reported loss of
lordosis with age hypothesize that this is due to a variety of
factors, such as osteoporosis, degenerative disc disease,
weakening of the abdominal musculature, and overall
increased lumbar stiffness.10,11,18,19 The differing results
between our study and prior research could be due to the fact
that our participants are from a CLBP population lacking a
control group, which may be obscuring the results.

The study findings agreed with prior studies that
reported a statistically significant correlation between
lumbar lordosis and sex. Lang-Tapia et al20 reported, in
their study on healthy participants, that the lumbar lordosis
in women was 12° more than in men. Janssen et al21

reported that the female sagittal spinopelvic alignment was
greatly different from male alignment, with higher dorsally
directed shear loads than in the male spine. In 2001,
Nourbakhsh et al5 reported that the degree of lumbar
lordosis in women is 10° greater than that in men in an LBP
study. Although the magnitude of degree difference
between men and women was determined to be less in
our study, we noted similar results, with women having 2.6°
greater lumbar lordosis measurement.

Our results both agree and disagree with prior studies with
respect to sacral inclination and lumbosacral disc angle and
how they correlate with pain, age, and sex. Evcik et al12

reported that sacral inclination angles increased in patients
with CLBP. However, using a line fit plot, our data indicated
no such trend, showing no signs of correlation between sacral
inclination and pain; however, with respect to sex, Evcik et al12

had similar findings in that women tended to have higher
sacral inclination angles. Yet when lumbosacral disc angles
were analyzed, our results disagreed with theirs, as we
determined that men had higher lumbosacral disc angles.
Based on prior research on the trends of sagittal spinopelvic
radiographic measurements, similar findings as Evcik et al12

were anticipated. With an increase in lordosis, it should be
expected to find an increase in lumbosacral disc angle, as well
as sacral inclination.12,22 Further studies should be consid-
ered to examine sex differences and include an asymptomatic
control group for comparison between asymptomatic, acute,
and CLBP patients.

In regard to clinical application, our results do not
support the use of lumbar spine radiograph roentgeno-
metrics for the management of pain for patients with CLBP.
These results agree with the current diagnostic imaging
practice guidelines of the spine. Bussières et al23 state that
in the absence of red flags, radiographs are not initially
indicated in patients with subacute (4-12 weeks’ duration)
and persistent LBP (N12 weeks’ duration). They concur
with the present study stating that generally studies have not
identified a significant correlation between lumbar spine
posture and LBP. Furthermore, the majority of changes that
were noted on the radiographs that may contribute to the
pain, such as degenerative changes, do not affect or change
the clinical management of the patient.23
Limitations
Errors made in constructing the radiographic measure-

ments may have affected the correlations, thus obscuring
potential correlations. Additionally, the radiographs and
data were pulled from a randomized trial; thus, no normal
“control” group was included in the study for comparison.
Without an asymptomatic control group to compare
radiographic mensuration values to, it is difficult to truly
evaluate if a correlation exists. Furthermore, differences

image of Fig 2


Fig 3. Sacral inclination.

Table 1. Values Are Mean (Standard Deviation) or Number
(Percentage) of Age, Women, Average CLBP, Lumbar Lordosis
Angle, Sacral Inclination Angle, and Lumbosacral Disc Angle

Variable Mean Standard Deviation

Age 41.5 14.1
Women 166 (47%)
Average numeric pain score (out of 10) 4.1 1.7
Lumbar lordosis angle (degrees) 43.3 11.0
Sacral inclination angle (degrees) 52.7 7.8
Lumbosacral disc angle (degrees) 14.5 5.0

CLBP, chronic low back pain.

Table 2. Correlation Coefficients and P Values Among Lumbar
Lordosis Angle, Sacral Inclination Angle, Lumbosacral Disc
Angle and Average CLBP, Age, and Sex

Angle
Average CLBP, r
(P Value)

Age, r
(P Value)

Sex, r
(P Value)

Lumbar lordosis
angle

0.09 (.175) –0.01 (.652) –0.12 (.026)

Sacral inclination
angle

0.09 (.204) –0.05 (.110) –0.15 (.005)

Lumbosacral disc
angle

–0.04 (.378) 0.01 (.941) 0.21 (b.001)

CLBP, chronic low back pain.
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between studies in demographic characteristics such as
race, age, and sex, may contribute to variations in results.
This study focused on the outcome measures of pain, sex,
and age and did not include other measures such as
disability or function.

Despite the inconsistencies in the literature, as well as
the present study’s collected data, lumbar lordosis
continues to be considered when managing patients with
low back pain. With this in mind, it is essential that further
studies are performed on larger populations that vary in
demographic characteristics such as age, sex, race, and
economic status to help reveal any potential relationships
that the secondary variables may have in a population with
low back pain. Additionally, it would be interesting to
further investigate to see if a correlation between low back
pain and obesity exists. Unfortunately, study participant
weight was not available during the present study.
CONCLUSIONS

This study determined that there was no correlation
between lumbar lordosis and pain levels for people with
CLBP. All of the sagittal lumbosacral radiographic
measurements correlated poorly with pain and age.
However, a weak, but statistically significant trend was
identified between all 3 radiographic measurements and
sex. Therefore, use of lumbar spine radiographic mensura-
tion in the management of pain for people with CLBP is not
recommended.
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Practical Applications
• This study adds to prior studies and practice
guidelines, which state that the use of
radiographs to assess posture in patients
with CLBP is not supported.

• In patients with CLBP, the use of radiographs
to assess posture will likely not affect patient
management or care.
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