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Abstract

Aim: The objective of this study was to investigate the relationship between spinal curvature and extensor muscle volume in patients who
presented to our hospital with lower back pain and were referred to our radiology clinic for imaging investigations.

Methods: A total of 150 patients, 87 female and 63 male, who presented to our hospital with lower back pain and were referred to our
radiology clinic, were included in this study. The lumbar angle, lumbosacral angle, wedge angle, sacral horizontal angle, the volume of the right
and left psoas muscles, and the volume of the right and left extensor muscles were calculated and analyzed.

Results: A total of 150 patients with lower back pain were included in the study. The mean lumbar angle was found as 44.2 + 10.6 degrees,
and the mean lumbosacral angle was 56.7 + 10.9 degrees. The mean wedge angle of all patients included in the study was measured as 9.3 +
3.7 degrees. The mean sacral horizontal angle was found as 33.6 + 7.1 degrees. The mean right lumbar extensor muscle volume was measured
as 2169.6 + 489.6 mm3, while the mean left lumbar extensor volume was calculated as 2286.5 + 1452.8 mm3.

Conclusion: Our findings indicate a significant positive correlation between the volume of extensor muscles in the lower half of the lumbar
spine and sagittal curvature in the same region. Clarifying the relationship between sagittal curvature and lower lumbar muscle size will
contribute to the management of patients with lower back pain and help determine whether these patients would benefit from intensive
treatment.
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Introduction

The vertebral column is a complex anatomic structure consisting of
vertebrae and intervertebral discs, it has a wide range of motion and
provides a load-bearing capacity supporting physical movements
during daily life activities.! Vertebral curvatures in humans extend
from the neck to the pelvis, distributing body load evenly during
walking or working.? It is important to maintain a normal curvature
to protect the spinal cord from excessive movement. A balanced
spinal alignment optimizes muscle energy expenditure and joint
stress, with the gravity center in a physiological position and the
ability to maintain static and dynamic postures.

Deterioration in muscle composition may lead to prolonged lower
back pain and its recurrence.® The extensor muscles of the lumbar
spine are located posterior to the vertebral bodies and play a critical
role in controlling movement and providing mechanical balance.*
These muscles consist of two main groups: the transversospinalis
and the erector spinae.

The mechanical stability of the lumbar spine is achieved when
the forces occurring in the spine travel to the sagittal spinal
curvature.® These forces enable the lumbar spine to support the
weight of the upper body. These forces are termed follower loads’.®
In a recent modeling study, the influence of curvature magnitude
differences on the forces required to generate follower loads was
investigated.” The range of lumbar sagittal curvature is wide in the
normal population.®

In general, muscle strength is proportional to muscle size.® Studies
have reported that muscle size is closely associated with the ability
to apply follower loads.’®"

The measurement of extensor muscles shows great variability,
especially in the lower lumbar regions.”” In a modeling study
by Meakin et al, it was proposed that individuals with a great
lumbar lordosis have more muscles, particularly in the lower half.'*
However, studies in the literature evaluating the association
between sagittal curvature of the lumbar spine and extensor
muscle volume are very limited, with most being modeling studies.”

The objective of this study was to investigate the relationship
between spinal curvature and extensor muscle volume in patients
who presented to our hospital with lower back pain and were
referred to our radiology clinic for imaging investigations.

Materials and Methods

A total of 150 patients, 87 female and 63 male, who presented to
our hospital with lower back pain and were referred to our radiology
clinic between 01/05/2020 and 01/07/2020, were included in this
study.

Patients’ demographic data, such as age and gender, height,
weight, and body mass index (BMI), were measured and recorded.
In addition, in all patients, the lumbar angle, lumbosacral angle,
wedge angle, sacral horizontal angle, and the volumes of the right
and left psoas and extensor muscles were calculated and analyzed.
All angulation and volumetric measurements were obtained using
magnetic resonance imaging (MRI) in all patients. The images
were acquired using a Siemens 1.5 Tesla MRI device (Siemens
Healthcare GmbH, Erlangen, Germany).

BMI was calculated by dividing body weight in Kg by the square of
height in meters (Kg/m2). The lumbar angle was measured as the
angle between L1 and S1. The lumbosacral angle was measured
between the L3 and S1 vertebrae. The wedge angle was considered
the angle between the L4 and L5 vertebrae. The sacral horizontal
angle was taken as the angle between the upper level of S1 and
the horizontal axis. Right and left psoas muscle volumes and right
and left extensor muscle volumes were measured on T2-weighted
axial plane images. These images were acquired using a repetition

time of 55 ms and an echo time of 1.9 ms with a gradient echo
sequence. Depending on the patient’s size, an in-plane resolution
of 1.76-1.95 mm/pixel was used. ROIs included the iliocostalis,
multifidus, and longissimus muscles. Patients with fat infiltration
detected in the ROl were excluded from the study.

The status of lower back pain was confirmed by the answer to
the question ‘Do you have or have you had lower back pain in the
past?‘in a survey form.

Ethical Approval
This study was approved by the Ethics Committee of Istinye
University (Date: 02.07.2020, Decision No: 2/2020.K-047).

Statistical Analysis

Data obtained in the study were analyzed using SPSS version 23.0
(Statistical Package for Windows (SPSS), IBM Inc., Chicago, IL, USA).
The normality of the data was evaluated using the Kolmogorov-
Smirnov test. Variance analysis was used to evaluate differences
between the groups, and the Bonferroni correction was used for
multiple comparisons as the post hoc test. The strength of the
correlations between the variables was determined using Pearson’s
correlation analysis. A linear regression analysis was performed
to determine the best model for predicting muscle volume from
age, height, weight, BMI, and L3-S1 angle. Continuous variables
are expressed as mean + standard deviation, while categorical
variables are given as frequency and percentage. P < .05 values
were considered statistically significant.

Reporting Guidelines
This study was conducted and reported in accordance with the
STROBE guidelines.

Results

A total of 150 patients with lower back pain were included in the
study. Of all patients, 63 (42%) were male, and 87 (58%) were
female. The mean age of all patients was 57.3 + 14.2 years. The
mean age was 55.8 + 14.2 years in male patients and 58.0 + 12.7
years in female patients. The mean height of all patients was 164.1
+ 8.7 cm. The mean height was 175.3 + 8.7 cm in male patients
and 158.9 + 8.4 cm in female patients. The mean body weight of all
patients included in the study was 73.9 + 7.9 Kg. The mean weight
was measured as 75.7 + 7.9 Kg in male patients and 73.1 + 8.2 Kg in
female patients. When the BMI values of all enrolled patients were
examined, the mean BMI was 29.05 + 4.27 Kg/m2. Accordingly, 12
(31.6%) patients were within the normal range, 13 (34.2%) were
overweight, 11 (28.9%) were obese, and 2 (5.3%) were morbidly
obese. Demographic data of the patients included in the study
are given in Table 1. When lumbosacral angulation measurements
carried out with MRI were evaluated, the mean lumbar angle was
found to be 44.2 + 10.6 degrees, and the mean lumbosacral angle
was measured as 56.7 + 10.9 degrees. The mean wedge angle for
all patients included in the study was 9.3 + 3.7 degrees. The mean
sacral horizontal angle was found to be 33.6 + 7.1 degrees.

Table 1. Demographic features of the patients
Female Male Total
n % n % n %

87 58 63 42 150 100

mean + SD mean + SD mean + SD

Number

Age (years) 580+ 127 558+142 573+142
Height (cm) 1589 +84 1753+8.7 164.1+87
Weight (Kg) 73.1 £ 82 75.7 +79 739+79
Body Mass Index 5505+ 427 245:424 27.8+424
(Kg/m?)
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When volumes of the muscles in the lower lumbar region were
examined, the mean right psoas muscle volume was found to be
885.9 + 358.7 mm3, while the mean left psoas muscle volume
was found to be 890.9 + 346.1 mm3. No statistically significant
difference was found between the psoas angles on both sides
(P =.790). The mean right lumbar extensor muscle volume was
measured as 2169.6 + 489.6 mm3, while the mean left lumbar
extensor volume was calculated as 2286.5 + 1452.8 mm3. There
was no statistically significant difference between the two muscle
volumes (P = .870). Data regarding sagittal curvature and extensor
muscle volumes are given in Table 2.

In the linear regression analysis, the correlations between age,
height, weight, BMI, lumbar angle, lumbosacral angle, wedge angle,
and sacral horizontal angle were evaluated. Accordingly, a negative
correlation was found between age and muscle volume (r = -.38, P
=.030), and a positive correlation was found between lumbosacral
angle and muscle volume (r = .58, P < .001). However, these two
parameters were not correlated with psoas muscle volume. No
significant correlation was found between the height, weight,
and BMI parameters subjected to linear regression analysis and
extensor muscle volume.

An example of measuring sagittal curvature angles is shown in
Figure 1. Figure 2 shows measurements of lower lumbar extensor
muscle volumes in the same patients obtained on MRI.

Discussion

The aim of this study was to investigate whether there was an
association between the magnitude of extensor muscles and
sagittal curvature of the lumbar spine. The lumbar spine facilitates
flexion and extension and helps resist torsion and shear loads.”*'*
In a previous hypothesis proposed by Meakin et al, the effect
of the shape of the lumbar spine on the forces required for the
stabilization of follower loads was investigated, and a relationship
between them was confirmed.” Greater muscle strength is needed
to provide stability to the lumbar vertebrae with greater curvature,
and a muscle’s force-generating capacity is associated with its
physical size. This suggests variations in extensor muscle size."™
6 This variation has been reported to be associated with the
variation in lumbar curvature."”

Table 2. Sagittal curvature and extensor muscle volume values

CURVATURE ANGLES
MIN MAX

MEAN SD (%)

Lumbar Angle

(degrees) 200

82.0 44.2 10.6

Lumbosacral Angle

(degrees) 290

87.0 56.7 10.9

Wedge Angle (degrees) 1.0 40.0 9.3 9.0

Sacral Horizontal Angle

(degrees) 200

63.0 336 7.1

EXTENSOR MUSCLE VOLUMES

MIN MAX MEAN SD (%)

Right PSOAS muscle

550 20270 8859 3587
volume (mm?3)
Left PSOAS muscle 2610 18910 8909 346.1
volume (mm?)
Right Lumbar Extensor o, 500 51600 4806
Muscle Volume (mm?3)
Left Lumbar Extensor . 109200 22865 14528

Muscle Volume (mm?3)
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\it._‘_lﬂar Angle
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Figure 1. Measurements of lumbar angle, lumbosacral angle, wedge
angle, and sacral horizontal angle of a patient MRI images

A: 771.23mm?
P: 135.04mm
A: 836.39mm? M: ~33.61
P: 120.47mm SD: ? '
M: ~42.25
SD: ?

: 2.012,95mm?
: 179.43mm
M: ~67.18
SD: ~69.62

A: 1.976,6Tmm?
: 183.04mm

- —

AR &N

Figure 2. Measurements of the right and left PSOAS muscle volumes
and the right and left lumbar extensor muscles of a patient on T2
weighted axial plane MRI

In a 2013 study by Meakin et al., greater extensor muscle activity
caudal to L3/L4 was associated with a greater degree of lumbar
curvature between L4 and S1.7 Similarly, in our study, the degree
of lumbar curvature between L3 and ST was greater in patients
with greater extensor muscles caudal to L4/I5. In our study, lumbar
muscle volume was measured from T2-weighted axial plane
images. To avoid confounding factors, all patients were positioned
in the same posture during MRI examinations. We measured volume
rather than area to assess the size of the lumbar muscles. Because
we aimed to minimize passive elongation.’® Passive elongation is
expected to reduce the area, while this factor does not change the
volume.

Although in our study MRI examinations were performed in the
supine position for all patients, it has been reported that results
obtained in the supine position are highly correlated with those
in the standing position.” Andreasen et al. showed that changes
between the supine and standing positions at the levels of lumbar
curvature are only a few degrees.’”® The significant correlation
between lower lumbar muscle volume and age found in our study
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is consistent with other studies in the literature. Previous studies
have reported that aging is associated with a reduction in body
muscle mass, driven by various molecular and cellular alterations.?°
The effect of age on this relationship is associated with age-
related muscle loss, and a reduction in spinal muscle strength
leads to a decrease in lumbar curvature. This association may also
be explained by other age-related alterations in spinous process
height?' or disc height, and by decreases in anterior wedging.?

In the present study, no significant correlation was found between
the lower lumbar muscle volume and height, weight, and BMI.
However, studies report greater muscle mass in taller and heavier
individuals®*® and a positive correlation between lumbar muscle
mass and physical size.?* This difference might be due to the
relatively small number of our patients. Furthermore, in the present
study, although there was a significant association between height
and muscle volume, it did not reach statistical significance (P =
.055).

Studies in the literature have reported that an individual’s spinal
shape is an intrinsic property,” attributable to vertebral morphology.
Vertebral morphology is changed by the size and shape of vertebral
bodies and the size and angulation of posterior elements. However,
because the relationship between vertebral morphology and spinal
curvature has not been adequately evaluated in the literature,
the main objective of the present study is to investigate this
association.

An alternative mechanism for explaining the relationship between
sagittal curvature and lower lumbar muscle volume is that this
association may be influenced by body size, gender, and lifestyle.
Because vertebral morphology may affect the action mechanism
of the extensor muscles and modify the forces applied to the
spine, this issue is of paramount importance. However, there is
still no study on this issue in the literature, and further research is
urgently needed to investigate the relationship between vertebral
morphology and the aforementioned factors.

Studies in the literature argue that reduced lumbar curvature is
correlated with lower back pain.?> Although studies in the literature
have reported that the extensor muscles of patients with lower
back pain are smaller compared to those of healthy volunteers,'>1®
in the present study all participants were patients with lower
back pains, and when sagittal curvature angles and lower lumbar
extensor muscle volumes were evaluated between these patients
themselves, as is expected muscle volumes were greater in the
patients with a larger curvature.

Limitations

This study has some limitations. First, the number of our patients
is relatively small for such an analysis. Second, sagittal curvature
angles and lower lumbar region extensor muscle volumes could not
be compared with a healthy control group. However, given the lack
of studies in the literature on this issue, we believe that our results
would provide a significant contribution.

Conclusion

Our findings indicate a significant positive correlation between
the volume of the extensor muscles in the lower lumbar spine and
sagittal curvature in the same region. However, our results should
be supported with further comprehensive studies, including a
larger number of patients. We think that clarifying the relationship
between sagittal curvature and lower lumbar muscle size will
contribute to the management of patients with lower back pain
and help determine whether these patients would benefit from
intensive treatment.

Declarations

Animal and Human Rights Statement

All procedures performed in this study were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Declaration of Helsinki
and its later amendments, or comparable ethical standards.

Informed Consent
Written informed consent was waived due to the retrospective design of the study.

Data Availability
The datasets used and/or analyzed during the current study are not publicly available due to
patient privacy reasons but are available from the corresponding author on reasonable request.

Conflict of Interest
The authors declare that there is no conflict of interest.

Funding
None.

Author Contributions (CRediT Taxonomy)
Conceptualization: 1.Y.

Methodology: 1Y, SHA.

Investigation: Y.

Data curation: LY.

Formal analysis: LY.

Writing - original draft: LY.

Writing - review @ editing: SHA.
Supervision: SHA.

Al Usage Disclosure
The authors declare that no Al-assisted technologies were used.

Abbreviations

BMI: Body Mass Index

MRI: Magnetic Resonance Imaging

ROI: Region of Interest

SPSS: Statistical Package for the Social Sciences

References

1. Gleinert-Rozek M, Kosinski A, Kaczynska A, Zajaczkowski M, Kuta W, Kaminski R, Metric
analysis of the lumbar region of the human vertebral column. Folia Morphol (Warsz).
2020,79(4):655-61. doi:10.5603/FM.a2020.0008

2. Leme JC, Reis YBD, Banks LDS, Cardoso JR, Campos MH, Moura FA. Effects of sports bra
and footwear on vertebral posture during walking and running. ) Biomech. 2020;99:109524.
doi:10.1016/j,jbiomech.2019.109524

3. Nandlall N, Rivaz H, Rizk A, Frenette S, Boily M, Fortin M. The effect of low back pain and
lower limb injury on lumbar multifidus muscle morphology and function in university soccer
players. BMC Musculoskelet Disord. 2020;21(1):96. doi:10.1186/512891-020-3119-6

4. Rose-Dulcina K, Armand S, Dominguez DE, Genevay S, Vuillerme N. Asymmetry of
lumbar muscles fatigability with non-specific chronic low back pain patients. Eur Spine ).
2019:28(11):2526-34. doi:10.1007/500586-019-06140-9

5. Kiapour A, Joukar A, Elgafy H, Erbulut DU, Agarwal AK, Goel VK. Biomechanics of the
sacroiliac joint: anatomy, function, biomechanics, sexual dimorphism, and causes of pain. Int )
Spine Surg. 2020;14(Suppl 1):3-13. doi:10.14444/6077

6. Cai XY, YuChi CX, Du CF, Mo ZJ. The effect of follower load on the range of motion, facet
joint force, and intradiscal pressure of the cervical spine: a finite element study. Med Biol Eng
Comput. 2020;58(8):1695-705. doi:10.1007/511517-020-02189-7

7. Meakin JR, Fulford J, Seymour J, Welsman JR, Knapp KM. The relationship between sagittal
curvature and extensor muscle volume in the lumbar spine. | Anat. 2013;222(6):608-14.
doi:10.1111/joa.12047

8. Le Huec JC, Thompson W, Mohsinaly Y, Barrey C, Faundez A. Sagittal balance of the spine.
Eur Spine J. 2019;28(9):1889-905. doi:10.1007/500586-019-06083-1

9. Akagi R, Suzuki M, Kawaguchi E, Miyamoto N, Yamada Y, Ema R. Muscle size- strength
relationship including ultrasonographic echo intensity and voluntary activation level of a
muscle group. Arch Gerontol Geriatr. 2018;75:185-90. doi:10.1016/j.archger.2017.12.012

10. Akagi R, Takai Y, Ohta M, Kanehisa H, Kawakami Y, Fukunaga T. Muscle volume compared
to cross-sectional area is more appropriate for evaluating muscle strength in young and elderly
individuals. Age Ageing. 2009;38(5):564-9. doi:10.1093/ageing/afp122

11. Blazevich AJ, Coleman DR, Horne S, Cannavan D. Anatomical predictors of maximum
isometric and concentric knee extensor moment. Eur ] Appl Physiol. 2009;105(6):869-78.
doi:10.1007/s00421-008-0972-7

12. Wallwork TL, Stanton WR, Freke M, Hides JA. The effect of chronic low back pain on size and
contraction of the lumbar multifidus muscle. Man Ther. 2009;14(5):496-500. doi:10.1016/j.
math.2008.09.006

13. Kaito T, Hosono N, Mukai Y, Makino T, Fuji T, Yonenobu K. Induction of early degeneration
of the adjacent segment after posterior lumbar interbody fusion by excessive distraction of
lumbar disc space. ] Neurosurg Spine. 2010;12(6):671-9. doi:10.3171/2009.12.SPINE08823
14. Karakasli A, Cecen B, Erduran M, Taylan O, Hapa O, Havitcioglu H. Rigid fixation of the
lumbar spine alters the motion and mechanical stability at the adjacent segment level. Eklem
Hastalik Cerrahisi. 2014;25(1):42-6. doi:10.5606/ehc.2014.09

15. Ezechieli M, Siebert CH, Ettinger M, Kieffer O, Weifskopf M, Miltner O. Muscle strength of
the lumbar spine in different sports. Technol Health Care. 2013;21(4):379-86. doi:10.3233/
THC-130739

Annals of Clinical and Analytical Medicine | 832



Sagittal curvature and lumbar muscle volume

16. Sanderson A, Rushton AB, Martinez Valdes E, Heneghan NR, Gallina A, Falla D. The effect
of chronic, non-specific low back pain on superficial lumbar muscle activity: a protocol for
a systematic review and meta-analysis. BMJ Open. 2019;9(10):¢029850. doi:10.1136/
bmjopen-2019-029850

17. Berthonnaud E, Dimnet J, Roussouly P Labelle H. Analysis of the sagittal balance of the
spine and pelvis using shape and orientation parameters. J Spinal Disord Tech. 2005;18(1):40-
7. doi:10.1097/01.bsd.0000117542.88865.77

18. Ehret AE, Bél M, Itskov M. A continuum constitutive model for the active behaviour of
skeletal muscle. | Mech Phys Solids. 2011,59(3):625-36. doi:10.1016/j.jmps.2010.12.008

19. Andreasen ML, Langhoff L, Jensen TS, Albert HB. Reproduction of the lumbar lordosis: a
comparison of standing radiographs versus supine magnetic resonance imaging obtained with
straightened lower extremities. ] Manipulative Physiol Ther. 2007;30(1):26-30. doi:10.1016/j.
jmpt.2006.11.009

20. Ryall JG, Schertzer D, Lynch GS. Cellular and molecular mechanisms underlying age-related
skeletal muscle wasting and weakness. Biogerontology. 2008;9(4):213-28. doi:10.1007/
510522-008-9131-0

21. Aylott CE, Puna R, Robertson PA, Walker C. Spinous process morphology: the effect of
ageing through adulthood on spinous process size and relationship to sagittal alignment. Eur
Spine J. 2012;21(5):1007-12. doi:10.1007/500586-011-2029-6

22. Takeda N, Kobayashi T, Atsuta Y, Matsuno T, Shirado O, Minami A. Changes in the sagittal
spinal alignment of the elderly without vertebral fractures: a minimum 10-year longitudinal
study. ) Orthop Sci. 2009;14(6):748-53. doi:10.1007/s00776-009-1394-z

23. Janssen |, Heymsfield SB, Wang ZM, Ross R. Skeletal muscle mass and distribution in
468 men and women aged 18-88 yr. ] Appl Physiol (1985). 2000;89(1):81-8. doi:10.1152/
jappl.2000.89.1.81

24. Jorgensen MJ, Marras WS, Gupta P. Cross-sectional area of the lumbar back muscles as
a function of torso flexion. Clin Biomech (Bristol). 2003;18(4):280-6. doi:10.1016/S0268-
0033(03)00027-5

25. Chun SW, Lim CY, Kim K, Hwang J, Chung SG. The relationships between low back pain
and lumbar lordosis: a systematic review and meta-analysis. Spine J. 2017;17(8):1180-91.
doi:10.1016/j.spinee.2017.04.034

Additional Information
Publisher's Note
Bayrakol MP remains neutral with regard to jurisdictional and institutional claims.

How to cite this article:

Isil Yurdaisik, Stleyman Hilmi Aksoy. Investigation of the relationship between sagittal
curvature and lumbar extensor muscle volume in patients with lower back pain. Ann Clin Anal
Med 2026;17(8):829-833. doi:10.4328/ACAM.22602

Annals of Clinical and Analytical Medicine | 833



