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Introduction

Abstract

Introduction: A prolapsed intervertebral disc is a common problem in armed police
personnel due to their demanding job nature. Spinopelvic parameters affect the
stability of the spine and play a role in the load sharing of the intervertebral disc,
contributing to the disc degeneration. Spinopelvic parameters measured in standing
radiographs may provide a hint to disc degeneration. This study was conducted to
assess the correlation of spinopelvic parameters in lumbar prolapsed intervertebral
discs.

Methods: An observational, retrospective study was conducted at Nepal Armed
Police Force Hospital based on the hospital records of patients over a period from
January 01, 2020, to October 10, 2023. The spinopelvic parameters were measured
on lateral lumbar X-rays of the armed police personnel and were collected from
the picture archiving and communication system (PACS). The correlation between
the spinopelvic parameters pelvic incidence (Pl), sacral slope (SS), lumbar lordosis
(LL), and pelvic tilt (PT) and prolapsed intervertebral disc (PIVD) was done.

Results: A total of 73 patients (55 M/18 F) with the most common site for PIVD being
L4-L5 (50%), and L5-S1(28%). The measured mean spinopelvic parameters were LL
(30.43°%5.77°), PT (15.67°+8.04°), PI (48.99°£9.52°), and SS (30.02°+9.5°). Statistically
significant weak correlations were found between LL and PIVD at the L4-L5 level as
well as between Pl and PIVD at the L4-L5 level.

Conclusion: There exists a negative correlation between the lumbar lordosis and
pelvic incidence with PIVD at the most common site, L4-L5. So, patients with lower
lumbar lordosis and pelvic incidence have a high chance of PIVD.

Keywords: armed police, pelvic incidence, PIVD, prolapsed intervertebral disc,
spinopelvic parameters

stress on the spine, predisposing this population to disc
degeneration and injury.3*

Prolapsed intervertebral discs (PIVD) represent a
significant global health concern, particularly prevalent
among individuals engaged in physically demanding
occupations. Armed police personnel are especially
vulnerable to lumbar PIVD due to the rigorous demands
of their job, which makes it one of the leading causes of
prolongedabsencesfromduty."?The physical requirements
of their roles contribute to the increased mechanical
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Recent studies have underscored the critical role of
spinopelvic parameters in influencing spinal stability and
contributing to disc degeneration.>® The key spinopelvic
parameters are pelvic incidence (PI), pelvic tilt (PT),
sacral slope (SS), and lumbar lordosis (LL), and these
maintain the intricate balance of the spine and are
considered crucial factors in the pathogenesis of disc-
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related disorders.”®

While pelvic incidence is a fixed anatomical value unique
to everyone, other spinopelvic parameters fluctuate
depending on the position of the hip and spine, and the
changes influence the biomechanical environment of the
lumbar spine.®’® Diagnosis of lumbar PIVD is done through
MRI while spinopelvic parameters are assessed through
standing lateral radiographs.

Although several studies have been conducted to explore
the relationship between spinopelvic parameters and
lumbar PIVD,6-8,10 there is a notable lack of research
specifically focusing on armed police personnel. This
population may exhibit distinct patterns in spinopelvic
alignment and disc pathology compared to the general
population. Consequently, this study aims to assess the
correlation between these spinopelvic parameters and
the incidence of PIVD within this population.

Methods

The study was conducted following ethical guidelines
adhering to the principles in the Declaration of Helsinki.
This study protocol was approved by the Nepal Health
Research Council (Id: 655/2023; Ref: 1325). All the collected
data were anonymized to ensure confidentiality.

This research was conducted, from October, 2023 to
December, 2024, as an observational, cross-sectional,
analytical, retrospective, single-center (hospital-based)
study in the Nepal Armed Police Force (APF) hospital
to investigate the correlation between spinopelvic
parameters and the incidence of PIVD in the armed police
personnel.

The study population consisted of armed police personnel
with proven PIVD on MRI who visited our hospital from
January 01, 2020, to October 10, 2023. This number came
to 102, which was then subjected to the inclusion criteria.
Inclusion criteria were APF staff aged 18-45 years with
a confirmed diagnosis of lumbar PIVD through magnetic
resonance imaging (MRI). Exclusion criteria included
spinal tumours, inflammation, neuromuscular disorder,
isthmus or deformities, trauma or diseases affecting
lower limbs hampering their ability to stand; pregnant
females; and patients with congenital anomaly of the
spine. The sample size was then reduced to 73 after
applying these criteria.

The sample size was determined based on the prevalence
of lumbar PIVD in the population and the need to achieve
sufficient statistical power for detecting significant
correlations.

Sample size (n) = Z2x p (1 - p) / d?
Where:
n = required sample size

Z = Z-value (the number of standard deviations from the
mean, corresponding to the desired confidence level,
typically Z = 1.96 for 95% confidence)

p = Expected proportion in population based on previous
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studies or pilot studies. This was found to be 5%.™"
d = Absolute error or precision. It was taken as 5%.

Using the above formula, the sample size was calculated
to be 74.

Prior institutional approval was obtained before collecting
the data from the hospital records, lateral radiographs,
and MRI from the Picture Archiving and Communication
System (PACS). MRI scans confirmed the presence and
the level of PIVD. The standing lateral radiographs of
the lumbosacral spine, including the femoral head of
patients, were taken. All the spinopelvic parameters
were measured by the radiologist from radiographs using
the Surgimap Software version 2.3.

Results

Out of a total 73 patients in the study, 75% (n=55) were
male, whereas 25% (n=18) were female. The mean age
was 34.44x5.77 years. We found the maximum number of
patients within the age group 38-42 years, followed by the
age group 33-37 years.
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Figure 1: Age and gender distribution

The most common site for PIVD was seen to be at the L4-
L5 level (50%), followed by the L5-S1 level (28%). The least
common site was found to be at the L1-L2 level at 0.8%. A
similar pattern was found in the male patients; however,
the most common sites involved in females were both L4-
L5 and L5-S, equally at 39%.
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Figure 2: Common sites for PIVD

Most of the patients (59%) had their single disc involved,
whereas 41% of patients had their multiple disc levels
involved. (figure 2)
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The mean LL was 30.43°%5.77°. The mean PT was
15.67°+8.04°, with a median value of 16.3° (2.6°-34.5°). The
mean Pl was 48.99°+£9.52°, with the median 47.6° (29.2°-
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84°). Likewise, the mean SS was found to be 30.02°%9.5°,
whereas the median value of SS was 30.2° (5.5°-54.3°)
(Table 1).

Table 1: Values of lumbar lordosis (LL), pelvic tilt (PT), pelvic incidence (PI) and sacral slope (SS)

Parameters | Winimum | Masimum
Age 18 45

34.33 5.77 35.0
Lumbar Lordosis 0 62.6 30.43 15.12 27.5
Pelvic Tilt 2.6 34.5 15.67 8.04 16.3
Pelvic Incidence 29.2 84.0 48.99 9.52 47.6
Sacral Slope 5.5 54.0 30.02 9.50 30.2
The sum of the average of PT and SS (15.67 + 30.02) came iy Sl g
to be 45.69°, which is near to the average value of Pl.
Thus, the known correlation of PI=PT+SS was found to be '
somewhat true in our study. g . o :
3 b :. W -~ =
The overall correlation is visualized using the heatmap 'T-“T“i":":":" i L
(Figure 3), where the warmer colors (closer to red) iy
indicate positive correlations, while the cooler colors = - .

(closer to blue) indicate negative correlations. For LL and
PT, the correlation coefficient (R) was found to be -0.113,
indicating a very weak negative relation between PT and
LL. So, an increase in LL would slightly decrease the PT,
and vice versa, which can be visualized in the scatter
plots as well (Figure 4). However, it was not statistically
significant (p = 0.3). For LL and PI, the correlation was
statistically significant (p < 0.001) with the coefficient (R)
at 0.625, indicating a strongly positive relation between
Pl and LL. So, an increase in Pl would increase the
LL, and vice versa. For LL and SS, the correlation was
statistically significant (p < 0.001) with the coefficient (R)
at 0.676, indicating a strongly positive relation between
SS and LL. So, an increase in SS would increase the
LL, and vice versa. For PT and PI, the correlation was
statistically significant (p = 0.013) with the coefficient (R)
at 0.288, indicating a weakly positive relation between
PT and PI. So, an increase in PT would slightly increase
the PI, and vice versa. For PT and SS, the correlation was
statistically significant (p < 0.001) with the coefficient (R)
at -0.368, indicating a weakly negative relation between
PT and SS. So, an increase in PT would slightly decrease
the SS, and vice versa. For Pl and SS, the correlation was
statistically significant (p < 0.001) with the coefficient (R)
at 0.629, indicating a strongly positive relation between PI
and SS. So, an increase in Pl would increase the SS, and
vice versa.

Correlation Heatmap between different Spinopelvic Parameters
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Figure 3: Correlation heatmap between LL, PT, PI, and SS
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Figure 4: Scatter plots to show linear correlations
between different spinopelvic parameters

Correlations between different spinopelvic parameters
and disc pathology at different levels
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Figure 5: Simple box-plots of LL and PI by ‘L4-15’

Correlation of Spinopelvic Parameters with PIVD at Different Disc Levels

\ /\ /

[EXE) [EXT) s 1551
DDDDDDDD

Figure 6: Correlation line graph of spinopelvic parameters
with PIVD at different disc levels
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On further investigating the results using a box plot, the
patients having PIVD at the L4-L5 level were found to have
significantly lower values of LL as compared to those who
had PIVD at any other levels. Similarly, the patients having
PIVD at the L4-L5 level had significantly lower values of
Pl as compared to those who had PIVD at any other levels
(Figure 5).

This further solidified the results obtained from the
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correlation tests. In addition, the line graph helps to
visualize some of the interesting findings (Figure 6).

In our study, none of the findings showed strong positive
or negative linear correlations between them (Table 2).
However, statistically significant weak correlations were
found between LL and PIVD at the L4-L5 level (R = -0.240,
p = 0.041), as well as between pelvic incidence (PI) and
PIVD at the L4-L5 level (R = -0.237, p = 0.043).

Table 2: Pearson’s correlations between spinopelvic parameters and the levels of disc prolapse

Parameters ekl L1-L2 L2-L3 L3-L4 L4-L5 L5-S1
Statistics

0.155 -0.061 0.115 -0.184 -0.039

P-value 0.189 0.606 0.331 0.120 0.740

LL R -0.196 -0.005 -0.078 -0.240* 0.065

P-value 0.097 0.969 0.5M 0.041 0.584

Pl R -0.133 0.018 -0.097 -0.237* -0.046

P-value 0.261 0.878 0.412 0.043 0.697

R -0.216 0.020 -0.180 -0.135 -0.027

SS P-value 0.066 0.867 0.127 0.255 0.820
*: Correlation is significant at the 0.05 level (2 tailed)

The correlation coefficients between all the spinopelvic
parameters and the disc prolapse at the L2-L3 level seem
to come near zero, indicating no or very weak correlation
between them. A similar situation can also be seen
with the L5-S1 level, indicating very weak correlation, if
any, between these parameters and the disc pathology.
However, there is a negative correlation between all
the spinopelvic parameters and disc pathology at the
L4-L5 level. It shows that any decrease in the values of
spinopelvic parameters can increase the occurrence of
PIVD at L4-L5 level, and vice versa.

Discussion

A prolapsed intervertebral disc is a common problem in
armed police personnel and those involved in physically
demanding jobs. Intervertebral disc degeneration has
been found to occur more frequently in military populations
than in civilians of similar age.” Potential contributors to
the development of lumbar degenerative disc disease
include genetics, heredity, age, sex, race, physical activity
level, smoking, and body habitus.”®

The male preponderance in our case (75%) is similar to
that described by Heliovaara et al.” where men were
found to have a 1.6 times greater risk of herniated lumbar
intervertebral disc compared to women in relation to
women. Similarly, Schroeder et al.?’ and Battié et al.®
also showed male preponderance; however, it is slightly
higher in our case, as the male-female ratio in armed
police personnel is usually higher.

The most common site for PIVD was found to be at the L4-
L5 level (50%) and L5-S1 level (28%) in males; however, the
most common sites involved in females were both the L4-
L5 and L5-S1 levels equally. This aligns with Spangfort’s
study, in which 49 publications involving 15,235 operations
show that most lumbar herniations occur at the L4-L5

Online Available: www.jrahs.org

(49.8%) and L5-S1 (46.9%) levels. These segments are
the most biomechanically stressed in the spine, making
them the most frequent sites for prolapsed intervertebral
discs.”

The measured mean spinopelvic parameters were LL
(30.43°%5.77), PT (15.67°+8.04), Pl (48.99°£9.52), and SS
(30.02°£9.5). The results are comparable to the study by
Poonia et al., where the mean SS, PT, PIl, and LL were
37.78°, 13.52°, 51.33°, and 41.01°, respectively.?2 Similar
findings were reported by Fei et al. with Pl (46.1°£10.0°),
LL (34.4°%15.3°), SS (29.7°£9.1°), PT (16.4°+8.4°)%, and Okan
and Beyhan with LL (43.05°%11.73°); PT (22.17°%7.9°); SS
(36.05°+£8.38°); and PI (67.65°+9.24°).%

Spinopelvic parameters are measured on lateral
standing radiographs of the lumbar spine, and there is a
geometric relationship between these parameters: pelvic
incidence = pelvic tilt + sacral slope. The pelvic incidence
is a morphological parameter that is independent of
the spatial orientation of the pelvis and is considered
specific for each individual’ In our study, we observed
strong positive correlations between PT and LL, SS and
LL, a weak positive relation between PT and PI, a strong
positive relation between Pl and SS, and a weak negative
relation between PT and SS. These findings align with
Sudhir et al. who reported a positive correlation between
the Pl and SS and a negative correlation between the SS
and PT.?® Okan and Beyhan similarly found moderately
strong correlations between LL and SS (p=0.001), LL and
Pl (p=0.002) , PI with SS (p=0.001), and PT (p=0.001).%

In our study, when analyzing the correlations between
different spinopelvic parameters and disc pathology
at different levels, no strong positive or negative
linear correlations were identified. However, we found
statistically significant weak correlations between lumbar
lordosis (LL) and PIVD at the L4-L5 level (R = -0.240, p =
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0.041) and between pelvic incidence (PI) and PIVD at the
L4-L5 level (R = -0.237, p = 0.043). This aligns with Zarate-
Kalfépulos et al.? who reported significantly lower Pl and
LLin the lumbar disc degeneration group. Similarly, Tuncer
et al.” demonstrated a negative correlation between PI, LL,
and disc herniation, concluding that individuals with low
Pl, LL, and SS values are at a greater risk of surgery for
lumbar disc herniation. Barrey et al.” also showed lower
Pl and LL in the lumbar degenerative disc and herniation
group as compared to the controls. Soydan et al.® found
that lumbar lordosis was lower in the degenerative disc
group, and Pl positively correlated with degeneration at
the upper L1-L3 levels. However, our study did not find
correlations at upper levels, instead showing a negative
correlation at the L4-L5 levels. Similarly, Rajnics et al.2®
reported reduced lumbar lordosis in the disc herniation
patients compared to healthy individuals, consistent with
our findings.

In contrast, Poonia et al.?? found a positive monotonic
correlation between disc pathologies at L2-L3 and L4-
L5 levels with SS, PT, Pl, and LL, while disc pathology
at L5-S1 showed negative correlation with PI. Similarly,
studies by Borkar et al.’® and Kaur et al.¥ showed lower
Pl and LL in healthy individuals compared to patients with
lumbar listhesis and failed back syndrome. However, no
significant correlation between lumbar disc degeneration
and the healthy individuals was noted. Our findings also
indicate lower LL values, suggesting that patients with
reduced pelvic incidence and lumbar lordosis may have a
higher chance of disc degeneration at L4-L5 levels.

Conclusion

Patients having lower pelvic incidence and lumbar
lordosis have higher chances of developing PIVD, and so
these measurements from plain radiographs can be of
use in predicting lumbar disc degeneration. As a result,
proper lifestyle modification and behavioral changes to
minimize the disc degeneration process can be initiated
early. It is a retrospective study, and the spinopelvic
parameters of normal healthy individuals are not taken
into consideration. Thus, a prospective study with controls
would be more effective in providing a more accurate
correlation between the spinopelvic parameters and
prolapsed lumbar disc.
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