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Abstract

Objective: Pelvic incidence—lumbar lordosis (PI-LL) mismatch is considered a marker of
sagittal imbalance, but its clinical significance in chronic low back pain remains uncertain.
This study aimed to investigate the relationship between spinopelvic alignment and clinical
outcomes in patients with chronic low back pain (CLBP).

Methods: In this cross-sectional observational study, 101 patients aged 18 years and older
with CLBP (>12 weeks) were included. Spinopelvic parameters, including pelvic incidence (Pl)
and lumbar lordosis (LL), were measured using standardized standing radiographs. Patients
were divided into two groups based on the PI-LL mismatch: PI-LL<10° (normal alignment) and
PI-LL =10° (mismatch). Visual Analog Scale (VAS), Short Form-36 (SF-36), and Oswestry
Disability Index (ODI) scores were compared between the groups.

Results: There were statistically significant differences in Pl, LL, and PI-LL between the
groups (p=0.026, p<0.001, and p<0.001, respectively). No significant differences were found in
ODI, VAS (rest and activity), or SF-36 subdomains, except for general health (p=0.045). Multi-
variate logistic regression identified general health as a significant predictor of PI-LL mismatch
(OR=0.973, p=0.045). BMI showed a statistically significant association (p=0.036).

Conclusions: Spinopelvic mismatch may be associated with higher BMI and lower general
health perception, but not with pain or disability scores.

Keywords: Low back pain; chronic pain; disability; quality of life.

Introduction

hronic low back pain (LBP) is a wide-
spread health problem affecting a sig-
nificant portion of the global population
and resulting in substantial clinical, so-
cial, and economic repercussions. It is the
primary cause of activity restriction and

absenteeism. It puts significant economic
impacts on individuals, families, commu-
nities, industries, and governments.!! The
risk factors for low back pain are multi-
faceted, encompassing physical elements,
behaviors, psychological influences, and
sociodemographic attributes.>*! Abnormal
spinopelvic parameters have been asso-
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ciated with degenerative and isthmic spondylolisthesis,
hip osteoarthritis, and related spinal disorders. In patients
with deformities, pelvic and spinal parameters deviate
from the normative range.! The spine, pelvis, hip, and
knee function collaboratively to ensure sagittal equilib-
rium. When the body attains this equilibrium, it utilizes
less energy.>*! The connection between the pelvis and the
spine is referred to as spinopelvic balance. Sagittal bal-
ance has three critical parameters: Pelvic incidence (PI),
pelvic tilt (PT), and sacral slope (SS). PI is a morphologi-
cal parameter that remains invariant regardless of pelvic
position and posture, and does not alter post-develop-
ment. The orientation of the pelvis is determined by two
positional parameters: PT and SS. The correlation among
pelvic incidence, sacral slope, and sagittal curvature, par-
ticularly lumbar lordosis, is thoroughly documented in
the general population.l*®

Maintaining a steady pelvic incidence angle is achiev-
able if the sacral and pelvic inclination angles adjust
compensatorily based on the pelvic position.”) A low
pelvic incidence angle correlates with less lumbar lor-
dosis, whereas a high pelvic incidence angle is associ-
ated with an increase in lumbar lordosis. This concept
is referred to as “spino-pelvic harmony.” Boulay et al.l*!
presented an equation for forecasting lumbar lordosis in
relation to pelvic incidence. Exceeding the confidence
limits surpasses the adaptability potential of the spine
and pelvis, potentially resulting in pathological pos-
tures and loading patterns. Consequently, the prevail-
ing agreement recognizes pelvic incidence as a deter-
minant of the lumbar lordosis necessary for achieving
a balanced sagittal posture.'™* Numerous risk factors
and etiologies of persistent low back pain have been dis-
cussed; yet, no correlation with spino-pelvic parameters
have been identified to date. Therefore, this study aimed
to evaluate the relationship between spinopelvic align-
ment and clinical outcomes in patients with chronic low
back pain.

Materials and Methods

This study was based on a cross-sectional observational
study of 101 patients aged 18 years and older with chronic
low back pain (>12 weeks) who had anteroposterior and
lateral standing radiographs of the lumbar spine. Pelvic
incidence and lumbar lordosis measurements were made
with the available lumbar radiography. The PI was mea-
sured as the angle between a line drawn perpendicular
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to the sacral endplate at its midpoint and a line drawn
from the midpoint of the sacral endplate to the midpoint
of the femoral head axis. The LL was the sagittal Cobb
angle measured between the superior endplate of L1 and
the superior endplate of S1. A physical medicine and re-
habilitation specialist made the radiographic measure-
ments, and another specialist repeated them. The concor-
dance (mathematical difference (PI minus LL or PI-LL)
between pelvic incidence and lumbar lordosis) was eval-
uated. Spinopelvic alignment was measured in terms
of agreement (mathematical difference) between pelvic
incidence and lumbar lordosis (PI - LL). PI-LL<100 was
normal, and PI-LL =100 was evaluated as a mismatch.
Patients were classified into 2 groups. We evaluated the
Visual Analog Scale (VAS), Short Form-36 (SF-36), and
Oswestry Low Back Pain Disability Questionnaire in
the patients included in the study. All scores were juxta-
posed between the two groups. We did not include pa-
tients with a history of lumbar surgery or low back pain
from trauma, inflammatory arthritis, tumors, differences
in leg length, scoliosis, neuromuscular diseases, cogni-
tive issues, infections, cauda equina syndrome, or com-
pression fractures of a vertebra.

Results

The study examined the relationship between spinopelvic
alignment and various clinical, radiological, and quality
of life parameters (Table 1). Table 2 shows statistically
significant differences in spinopelvic alignment angles,
lumbar lordosis, and pelvic incidence between the two
groups (PI-LL<10 and PI-LL>10) (p=0.026, p<0.001, and
p<0.001, respectively). Nevertheless, there was no no-
table difference in the Oswestry Disability Index, activ-
ity pain score, or resting pain score (p>0.05 for all). The
subscales in Table 3 that did not exhibit statistically sig-
nificant differences between groups were physical func-
tioning, emotional and physical role difficulties, vitality,
mental health, social functioning and pain scores (all
p>0.05). The overall health score was significantly dif-
ferent between the groups (p=0.045). Table 4 shows the
results of a statistical analysis that looked for factors re-
lated to spinopelvic alignment.

General health score and BMI were significantly associ-
ated with PI-LL mismatch, whereas education level was
not statistically significant (p=0.094). Overall, the model
was statistically significant (x2=12.055, p=0.007) and had
a modest explanatory power (Nagelkerke R2=0.15).
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Table 1. The effect of descriptive characteristics on spinopelvic alignment

Variable

PIl-LL<10 (n=37) PI-LL =10 (n=64) Test Value p-value
Sex, n (%) x?=0.124 0.724
Male 7 (18.9%) 14 (21.9%)
Female 30 (81.1%) 50 (78.1%)
Age (years) t=-0.055 0.956
Mean = SD 54.51+9.09 54.63+10.1
Median (min—max) 55 (40-72) 53.5 (40-77)
BMI (kg/m?2) t=-2.130 0.036
Mean+SD 28.78+5.09 30.96+4.89
Median (min—max) 28.7 (16.9-41.6) 31.5 (19.6—45.6)
Pain Duration (mo) t=0.183 0.855

Mean + SD
Median (min—max)

8741+90.32
54 (1-360)

83.78+98.73
60 (1-460)

Bold indicates statistically significant results (p<0.05). Independent samples t-test (t) and Chi-square test (x?) were used. Summary statistics are presented as mean
+ SD and median (min-max) for continuous variables, and n (%) for categorical variables.

Table 2. Comparison of spinopelvic parameters and pain scores according to spinopelvic alignment

Parameter PI-LL<10 (n=37) PI-LL =10 (n=64) Test Value p-value
Pelvic Incidence 57.61+8.90 62.23+10.45 t=-2.256 0.026
Median (min—max) 56.8 (41.5-74.1) 62.4 (40.7-91)

Lumbar Lordosis 51.00+8.39 39.76+11.47 t=5.204 <0.001
Median (min—max) 50.6 (33.2-65.9) 40.7 (6.5-68.5)

PI-LL Mismatch 6.61+2.83 22.47+12.18 t=-7.782 <0.001
Median (min—max) 7.8 (1.1-9.9) 20.7 (10.0-54.5)

VAS (Rest) 5.16+2.19 4.78+2.26 1=0.826 0.411
Median (min—max) 5 (0-9) 5 (0-9)

VAS (Activity) 7.73+2.31 7.84+2.28 t=-0.241 0.810
Median (min—-max) 8 (1-10) 8 (0-10)

Oswestry Disability Index 38.18+16.24 38.66+16.83 t=-0.140 0.889
Median (min—max) 37.8 (6-77.7) 37.8 (6.7-71.1)

Bold indicates statistically significant results (p<0.05). Independent samples t-test was used. Results are presented as mean + SD and median (min-max).

Table 3. SF-36 quality of life dimensions by spinopelvic alignment

SF-36 Domain Pl-LL<10 (n=37) PI-LL =10 (n=64) Test Value p-value
Physical Functioning 4797+22.77 4719+25.85 t=0.154 0.878
Role Physical 41.08+38.26 29.69+41.76 t=0.879 0.382
Role Emotional 32.42+38.08 34.37+43.23 t=-0.228 0.820
Vitality 36.22+24.19 41.30+20.39 t=-1.126 0.263
Mental Health 53.14+16.52 56.81+15.86 t=-1.106 0.272
Social Functioning 50.00+24.83 51.64+26.42 t=-0.307 0.759
Pain 31.76+20.94 31.41+17.54 t=0.090 0.928
General Health 50.23+17.72 42.57+23.20 t=-2.067 0.045

No substantial differences were noted across groups (p>0.05), with the exception of general health (p<0.05). Independent samples t-test was used. Results are
presented as mean + SD and median (min-max).
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Table 4. Multivariate logistic regression analysis for factors affecting spinopelvic alignment

Variable B SE Wald p-value Exp(B) 95% CI (Lower-Upper)
BMI 0.097 0.046 4.384 0.036 1.102 1.006 — 1.206
Education Level -0.287 0.172 2.806 0.094 0.750 0.536 — 1.050
General Health -0.027 0.012 5.550 0.045 0.973 0.951-0.995
Constant -2.863 1.606 3.177 0.075 0.057 -

x?=12.055, df=3, p=0.007. Cox-Snell R?=0.11, Nagelkerke R?=0.15. Statistically significant values are bolded (p<0.05). Dependent variable in the logistic regression

model was PI-LL mismatch (PI-LL >10°).

Discussion

This study looked at how spinopelvic alignment relates
to the health outcomes of individuals with chronic low
back pain by examining the link between pelvic inci-
dence (PI) and lumbar lordosis (LL). Our findings show
that although BMI and general health scores differed
significantly between patients with normal spinopelvic
alignment (PI-LL<10° ) and those with mismatch (PI-LL
>10° ), other demographic and clinical factors, such as
age, gender, pain duration, and functional outcomes,
were not statistically significantly distinct amongst
the groups. The lower BMI found in the normal align-
ment group corresponds with previous studies indi-
cating a relationship between increased body weight
and spinopelvic misalignment. By generating postural
compensations and increased mechanical strain on the
lumbar spine, obesity could exacerbate the misalign-
ment between PI and LL. Our study indicated that BMI
influences spinopelvic alignment by itself, implying that
treatment for these patients may need to include weight
management. Though the PI and LL values differed
greatly between the two groups, the Oswestry Disability
Index and the VAS scores for both resting and activity-re-
lated pain revealed no notable differences. Emphasizing
the difficult character of chronic low back pain, this sup-
ports other studies indicating that the alignment of the
spine on X-rays does not always correspond straight to
the suffering or impairment a person experiences. Previ-
ous studies have also reported that there is not always a
direct correlation between radiological findings and clin-
ical symptoms. Studies conducted in patients with lum-
bar spinal stenosis have shown that neuropathic pain and
impaired quality of life are more closely associated with
BMI and pain-related parameters than with radiologi-
cal findings." Similarly, in our study, PI-LL mismatch
was not found to be associated with pain and disabil-
ity scores, but was found to be associated with BMI and
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perceived general health. Compensatory biomechanical
mechanisms and the multifactorial nature of chronic low
back pain may partially explain the lack of association
between radiological mismatch and clinical outcomes.
Regarding SF-36 quality of life, only the general health
domain was significantly lower in the misaligned group;
the other subdomains showed no significant change,
suggesting a possible relationship between sagittal im-
balance and perceived health status. Its standardized
radiographic assessment and evaluation by two inde-
pendent observers strengthen the reliability of the study.
Still, some limits have to be acknowledged. First, the
cross-sectional nature of the study precludes causal con-
clusions. Second, although the sample size was reason-
able, larger studies could produce clear findings. Exclud-
ing patients with prior spinal surgery or abnormalities
could also limit generalizability to more general chronic
low back pain groups. Our study finally shows a link be-
tween spinopelvic alignment, BMI, and general health
status in chronic low back pain patients. Radiological
differences did not significantly affect pain and disability
outcomes, therefore reinforcing the case for a complete
management strategy. Long-term studies are required to
investigate the causes and to determine whether treat-
ments aimed at BMI can enhance spinopelvic alignment
and health results.

Limitations

Firstly, the study’s sample size of 101 patients was ade-
quate; however, bigger multicenter studies may provide
greater generalizability. Second, we excluded patients
having a history of vertebral fractures, neuromuscular
problems, inflammatory diseases, scoliosis, or spinal
surgery. This enhancement of internal validity may limit
the generalizability of our findings to the broader pop-
ulation of individuals with chronic low back pain who
frequently present these comorbidities. Third, radio-
graphic evaluations were performed exclusively in an
upright position, without the application of dynamic
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or functional imaging techniques. Consequently, it was
infeasible to assess potential compensating mechanisms
during mobility.

Conclusion

In conclusion, our study looked at how spinopelvic align-
ment affected clinical and functional outcomes in people
with chronic low back pain. Our findings revealed that
while other variables like pain and disability scores did
not reveal significant variations between the alignment
groups, body mass index and general health were closely
connected to spinopelvic alignment. These results imply
that although radiographic measurements provide con-
siderable knowledge of spinal alignment, they might
not fully explain patients’ pain and functional status.
In the treatment of patients with spinopelvic mismatch,
addressing modifiable factors including BMI may be im-
portant. Long-term studies to clarify cause-and-effect re-
lationships and the development of particular treatments
that enhance alignment as well as patient outcomes
should be the emphasis of future studies.
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