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ABSTRACT

Background

Lumbar Intervertebral disc prolapse (IVDP) is a prevalent cause of low back pain and radicular
symptoms, often associated with Sagittal Spinopelvic imbalance. The role of Sagittal imbalance
as a risk factor for symptom recurrence in IVDP remains underexplored. This study aimed to
evaluate the correlation between Sagittal Spinopelvic imbalance and symptom recurrence in
patients with lumbar IVDP.

Methods

A prospective observational study was conducted from December 2016 to November 2017,
enrolling 70 patients with lumbar IVDP. Patients underwent clinical assessment using the
Oswestry Disability Index (ODI) and radiological evaluation with standing lateral X-rays to
measure sagittal parameters: C7 plumb line (C7PL), thoracic Kyphosis (TK), lumbar lordosis (LL),
pelvic incidence (PI), pelvic tilt (PT), and sacral slope (SS). Sagittal imbalance was defined as
C7PL>5cmor |PI - LL| > 10°. Follow-ups occurred at 1 week, 2 weeks, 1 month, 3 months, and
6 months, with recurrence defined as an increase in ODI scores after a pain-free period of at least
1 month. Data were analyzed using SPSS v21.0, with p < 0.05 considered significant.

Results

Of the 70 patients (mean age 48 + 14.39 years; 57% female), 29 (41.4%) exhibited Sagittal
imbalance. No significant correlation was found between C7PL and age (r = 0.251, p = 0.07) or
gender (p = 0.454). Patients with Sagittal imbalance had significantly higher ODI scores at 6
months (mean + SD: 14.97 + 10.16 vs. 6.8 £ 6.72; p <0.001). Symptom recurrence occurred in 25
patients (35.7%) and was strongly associated with Sagittal imbalance (p = 0.001), with 58.6% of
imbalanced patients experiencing recurrence compared to 19.5% of balanced patients.
Conclusion

Sagittal Spinopelvic imbalance is a significant risk factor for symptom recurrence in lumbar IVDP.
Routine radiological assessment of sagittal balance is recommended to identify high-risk patients
and guide treatment strategies, including surgical planning for fusion procedures. This study is the
first to establish this link, though further research is needed to validate findings.

Keywords: Sagittal Spinopelvic Balance, Recurrence, Lumbar Intervertebral Disc Prolapse,
Radiological Parameters.
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INTRODUCTION

Sagittal balance, the alignment of the spine and pelvis in the Sagittal plane, is critical for
maintaining the body's center of gravity between the feet.[!l Imbalances can lead to labored
ambulation, muscle fatigue, and reliance on external support, significantly impacting quality of
life.IY The "cone of economy," introduced by Dubousset in 1994, underscores the importance of
Sagittal balance for efficient posture.?! Sagittal imbalance is associated with poorer health-related
outcomes and is a key predictor of clinical status in spinal deformities.[>*!

Sagittal balance is assessed using radiological parameters, including C7 plumb line
(C7PL), thoracic Kyphosis (TK), lumbar lordosis (LL), pelvic tilt (PT), pelvic incidence (PI), and
sacral slope (SS).’! C7PL measures the horizontal offset from C7 to S1, with >5 cm indicating
pathology.[® However, C7PL alone may underestimate deformities due to pelvic compensations,
necessitating additional parameters.l”! Pelvic parameters (Pl = PT + SS) provide insights into
alignment, with PI being a fixed morphological parameter that correlates with LL.[ Patients with
high Pl can compensate via pelvic retroversion, while those with low PI rely on other
mechanisms.!

Lumbar Intervertebral disc prolapse (IVDP), often due to degenerative disc disease, is a
leading cause of sagittal imbalance.X™ The spine adjusts LL and TK to maintain balance, but IVDP
can disrupt this, leading to compensatory changes that may become structural.[*! While IVDP
recurrence is common, the role of sagittal imbalance as a risk factor is unclear. This study aims to
evaluate Sagittal imbalance in IVDP patients and its correlation with symptom recurrence.

The spine's biomechanical stability relies on the functional spinal unit (FSU), comprising
two adjacent vertebrae, the intervertebral disc, and ligaments.l*! The FSU transmits loads (500-
1000N in daily activities, up to 5000N with lifting) through the vertebral bodies, discs, and facets,
facilitated by sagittal curvatures.[*>! Disc degeneration, prevalent in IVDP, shifts load bearing to
facet joints, limiting spinal motion and contributing to imbalance.*?13

Sagittal imbalance in IVDP is often compensatory, driven by pain-induced muscle
weakness.[** Prolonged imbalance can lead to structural changes, exacerbating degeneration.*"]
Previous studies have linked Sagittal imbalance to adjacent segment disease and persistent pain in
IVDPI87] pyt its role in recurrence is novel. This study hypothesizes that Sagittal imbalance
increases the risk of symptom recurrence, offering a new perspective on IVDP management.

MATERIALS AND METHODS

Study Design and Sample Size This prospective study, conducted from December 2016 to
November 2017, enrolled 70 patients with lumbar IVDP. Sample size was calculated using \( n =
\frac{4PQ} {L"2} \), with an expected recurrence rate of 25%,*? allowable error of 12%, and
30% loss to follow-up, yielding a required sample of 70.

Inclusion Criteria
Patients with lumbar IVDP presenting with low back pain and radicular pain.

Exclusion Criteria

Congenital spinal anomalies, prior spine surgeries, mass lesions, rheumatologic diseases, old
fractures, spondylolysis, spondylolisthesis, or multilevel spinal canal stenosis.

Methodology Patients underwent clinical assessment with the Oswestry Disability Index (ODI)
and radiological evaluation using standing lateral digital X-rays.

EISSN 1303-5150 www.neuroquantology.com

&

99


http://www.neuroquantology.com/

Neuroquantology | Nov 2025 | Volume 23 | Issue 11 | Page 98-104 : Doi:. 10.48047/nq.2025.23.11.nq25010
Dr. Suresh Sivadasan Pillai, Sagittal Spinopelvic Imbalance as a Predictor of Symptom Recurrence in Lumbar Intervertebral Disc Prolapse - A
Prospective Study

Parameters measured included:-

e C7PL: Horizontal distance from C7 to S1.
TK: T4-T12 angle (normal: 30°-50°).
LL: L1-S1 angle (normal: 30°-52° males, 35°-57° females).
SS: Sacral endplate to horizontal (normal: 34°-50°).
PT: Mid-sacrum to femoral head to vertical (normal: 7°-19°).
PT: Mid-sacrum to femoral head to sacral endplate perpendicular (normal: 45°-65°).
Sagittal imbalance was defined as C7PL > 5 cm or |PI - LL| > 10°. Patients were followed
at 1 week, 2 weeks, 1 month, 3 months, and 6 months, with ODI scores recorded. Recurrence was
defined as an ODI increase after a 1-month pain-free period.

Statistical Analysis Data were analyzed using SPSS v21.0. Categorical variables were
reported as frequencies and percentages, continuous variables as means + SD. Associations were
tested using Chi-square/Fisher s exact tests for categorical variables and t-tests/Mann-Whitney U
tests for continuous variables (p < 0.05 significant).

RESULTS
Of 70 patients (mean age 48 + 14.39 years; 57% female), 29 (41.4%) had Sagittal imbalance. No
significant correlation was found between C7PL and age (r = 0.251, p = 0.07) or gender (p =
0.454). Mean radiological parameters were: TK =33.6° £ 9.7°, LL =53.04° £ 11.6°, SS=37.8°
7.2°,PT =17.4° £8.5° Pl =54.5° + 9.1°. Significant correlations included LL with SS and PI (p
<0.001), SS with PI (p < 0.001), and PT with PI (p < 0.001). C7PL inversely correlated with LL
(r=-0.35, p=0.003) and SS (r =-0.290, p = 0.015), and positively with PT (r = 0.241, p = 0.044).
Sagittal imbalance was associated with higher mean age (p = 0.013) but not gender (p =
0.41). ODI scores decreased over time (Table 1), but at 6 months, patients with Sagittal imbalance
had significantly higher scores (Table 3). Recurrence occurred in 25 patients (35.7%), significantly
associated with Sagittal imbalance (p = 0.001), with 58.6% of imbalanced patients vs. 19.5% of
balanced patients experiencing recurrence (Table 5, Figure 1).

Time Point Mean Median SD Min Max
At presentation 23 24 5.64 10 33
At 1 week 20.3 21 5.47 9 28
At 2 weeks 16.3 16 5.15 5 26
At 1 month 11.8 12 421 3 21
At 3 months 9.3 8 5.92 2 26
At 6 months 10.3 55 9.20 1 34

Table 1: ODI Scores over Time

Sagittal Imbalance Mean = SD Median (IQR)
Present (29) 24.24 + 4.82 24 (19)
Absent (41) 22.20 £ 6.08 22 (11)

Table 2: ODI Scores at Presentation by Sagittal
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Sagittal Imbalance Mean + SD Median (IQR)
Present (29) 14.97 £ 10.16 16 (18)
Absent (41) 6.8 +6.72 3(8)

Table 3: ODI Scores at 6 Months by Sagittal Imbalance

Recurrence Frequency

Absent 64.3% (45

Present 35.7% (25)|

Total 100% (70)

Table 4: Recurrence Frequency
Imbalance Recurrence Total

Absent 33 (80.5%); 8 (19.5%) 41
Present 12 (41.4%); 17 (58.6%) 29
Total 45 (64.3%);25 (35.7%) 70

Table 5: Correlation between Sagittal Imbalance and Recurrence

Sagittal Imbalance

W Absent
W Present

Figure 1: Pie chart illtlstrdii';tg recurrence distribution among pdt;'ériik nﬁl)ﬁsaéittal imbalance
(58.6% with recurrence, 41.4% without).
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DISCUSSION

Sagittal balance is pivotal for spinal health, influencing pain, disability, and quality of life.[*? In
IVDP, Sagittal imbalance often arises as a compensatory response to pain-induced muscle
weakness,[**l potentially becoming structural over time.!**! This study found sagittal imbalance in
41.4% of IVDP patients, consistent with prior reports.*® Notably, imbalanced patients had higher
ODI scores at 6 months, indicating persistent disability.

The significant association between Sagittal imbalance and symptom recurrence (p =
0.001) is a novel finding. Imbalanced patients were nearly three times more likely to experience
recurrence, suggesting a causal link. This aligns with studies linking sagittal imbalance to adjacent
segment disease and persistent pain.[*®1"1 Routine radiological assessment of sagittal balance could
enhance risk stratification and guide interventions, such as surgical correction of lordosis.[*®!

LIMITATIONS
Limitations include a small, single-center sample, limiting generalizability. Future studies should
validate findings in larger cohorts and explore interventions to correct sagittal imbalance.

CONCLUSION

Sagittal Spinopelvic imbalance significantly predicts symptom recurrence in lumbar I\VDP.
Routine radiological assessment is recommended to identify high risk patients and inform
treatment, potentially improving outcomes through targeted interventions.

KEY POINTS

e Sagittal imbalance affects 41.4% of lumbar IVDP patients.

It is associated with higher 6-month ODI scores.

Recurrence risk is significantly higher with Sagittal imbalance (p = 0.001).
Age correlates with imbalance and recurrence; gender does not.

Radiological assessment of sagittal balance is advised for IVDP management.
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