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ABSTRACT. – OBJECTIVE: A condition known 
as ligamentum flavum (LF) hypertrophy occurs 
when the ligamentum flavum (LF) swells as a re-
sult of pressures applied to the spine. Among 
the elderly population, lumbar spinal stenosis is 
a major cause of pain and disabilities. Numer-
ous studies indicate that lumbar spinal steno-
sis etiology involves the ligamentum flavum in 
a major way. This study looks into the relation-
ship between low back pain and ligamentum fla-
vum thickening. 

PATIENTS AND METHODS: The imaging 
tests and case histories of all patients with low 
back pain who had consecutive magnetic reso-
nance imaging exams performed at the Prince 
Sattam University and King Khalid hospitals in 
Al Kharj City will serve as the basis for this ret-
rospective observational study. A radiologist 
utilized the Pfirrmann grading system, which is 
based on spinal levels starting from the first lum-
bar to the first sacral vertebrae, to measure the 
thickness of the ligamentum flavum in all cas-
es who underwent magnetic resonance imaging 
(MRI). A correlation between age, hypertrophy of 
LF, and low back pain was investigated. 

RESULTS: There were 79 participants in the 
study, ages ranging from 21 to 82, 49 of which 
were men. The patients’ average age was 54 
years, and 62% of them were men. We found no 
appreciable variations in LF thickness according 
to gender. At the L4-L5 and L5-S1 levels, the left 
LF was noticeably thicker than the right. More-
over, there was a significant difference (p < 0.05) 
in the bilateral LF thicknesses at L5-S1 com-
pared to the comparable sides at L4-L5. 

CONCLUSIONS: By evaluating the thickness 
of LF on magnetic resonance images, we discov-
ered that it may be closely associated with the 
etiology of pain processes in the spine. 
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Introduction

Cases with lumbar spinal canal stenosis fre-
quently have lower back discomfort and weak-
ness of the lower extremity in addition to neuro-
genic intermittent claudication1. When the spinal 
canal narrows as a result of changes in the physi-
cal features of the spine, the nerves become com-
pressed, resulting in these clinical symptoms. The 
ligamentum flavum (LF) hypertrophy and disc 
prolapse lower the amount of space in the spinal 
canal, which compresses the nerves in the dural 
sac2,3. Even in the absence of a protruding annulus 
fibrosus, osseous spur or herniated nucleus pul-
posus, the pathogenesis of lumbar spinal stenosis 
typically involves hypertrophy of LF, which nar-
rows the spinal canal and compress the nerve roots 
and dural sac, causing symptoms. Ligamentum 
flavum is a well-defined elastic structure made up 
of 20% collagen and 80% elastic fibers. Hyper-
trophied ligamentum flavum tissues are charac-
terized by disorganization, degeneration, and re-
duced levels of elastic fibers4. On the other hand, 
even in the absence of a bulging annulus fibrosus, 
osseous spurs, or a herniated nucleus pulposus, 
canal constriction mechanically compresses the 
nerve root or cauda equina and causes sciatica 
and lower back pain5. Matrix metalloproteinases, 
age, mechanical stress, and transforming growth 
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factor-beta are all thought to have a role in liga-
mentum flavum degeneration6. According to some 
studies7,8, long-term wide segmental movement 
causes the ligamentum flavum to enlarge, which 
may play an important role in the development 
of stenosis and nerve compression. For exam-
ple, one study found that the ligamentum flavum 
thickening is associated with disc stenosis, degen-
eration, aging, and herniation of the disc, and that 
it is caused by disc degeneration-related vertebral 
canal deformation rather than ligamentum flavum 
hypertrophy7.

Due to compression of the neural tissue in the 
spinal canal, patients with lumbar spinal stenosis 
manifest with neurogenic claudication, radicu-
lopathy, and/or neurological impairment. Decom-
pression surgery needs to be considered the main 
therapeutic option for individuals who do not re-
spond to conservative therapies, such as anti-in-
flammatory drugs, physical therapy, and epidural 
steroid injections. This is especially true for pa-
tients whose symptoms are severe9. 

Regretfully, recurrence of stenotic symptoms 
at the operative site or at neighboring levels car-
ries an elevated risk of reoperation. Revision sur-
geries are undesirable as patients experience less 
favorable outcomes than in the index operation9. 
Revision operations are not preferred because the 
results are not as good for the patients as they were 
for the index operation10. A variety of factors, such 
as age, activity level, and mechanical stress on the 
LF, might contribute to LF hypertrophy. An in-
flammatory response and subsequent development 
of tissue scarring may be brought on by mechan-
ical stress-induced tissue injury, and the accumu-
lation of these scars may lead to LF hypertrophy.

Therefore, the goal of this study was to investi-
gate the relationship between LF hypertrophy and 
low back discomfort using enhanced MR imaging. 

Patients and Methods

This study received approval from the Ethics 
Committee of Prince Sattam bin Abdulaziz Uni-
versity Institutional Review Board, January 17-
2023 (SCBR-168-2023). The case histories and 
imaging examinations of all patients with chronic 
low back pain who underwent MRI exams con-
currently at the outpatient clinic of the Prince Sat-
tam bin Abdul Aziz and King Khalid Hospitals 
between January 2023 and August 2023 served 
as the basis for this retrospective observational 
analysis. The study involved 79 participants, 49 

of whom were men and whose ages ranged from 
18 to 70. Patients with transitional vertebrae, frac-
tures, spine tumors or infections, past operations, 
deformities like scoliosis or kyphosis, or congeni-
tal anomalies, such as spina bifida, were eliminat-
ed. Patients with low back pain for at least three 
months were included. Patients with foraminal 
or lateral stenosis, instability, a history of lumbar 
surgery, a history of psychological disorders, and 
radiologic evidence of other pathologies associat-
ed with symptoms like a prominent ruptured disc 
or infection were excluded from the study. The 
study measured ligamentum flavum at the level 
of the lumbar spine using the sagittal and axial 
planes. Intervertebral spaces were located at the 
spinal level using T1-weighted sagittal images. 
For axial pictures, the interslice gap was 1 mm, 
and the slice thickness was 4 mm. Without obtain-
ing any clinical details, the ligamentum flavum 
was measured by the same radiologist (AAS). 
LF thickness values were assessed with Dicom 
Works version 1.3.5 (Informer Technologies, Inc; 
Los Angeles, CA, USA). The same radiologist 
measured each patient’s maximum LF thickness 
in millimeters. 

Statistical Analysis
The Statistical Package for Social Science SPSS 

24 (IBM Corp., Armonk, NY, USA) was used to 
perform the statistical analysis. For discrete vari-
ables, the data was presented as frequencies and 
percentages; for continuous variables, the data 
was presented as means and standard deviations. 
The correlation between the variables under in-
vestigation was measured using Spearman’s cor-
relation. Correlation coefficients were calculated 
using Pearson’s correlation test. When applicable, 
descriptive statistical techniques were employed. 
The analyses were performed using the Statistical 
Package for Social Sciences (SPSS) version 16 
software (SPSS Inc., Chicago, IL, USA). A p-val-
ue < 0.05 was considered significant. 

Results

Of the 79 participants, 30 were female and 49 
were male. Patients’ ages ranged from 21 to 82 
years old. The prevalence of ligamentum flavum 
hypertrophy was more common among elderly 
patients. Table I shows the participants’ demo-
graphic distribution – the majority of patients 
(62%) were men. There were 26 cases (32.9%) 
of LF hypertrophy. Table II shows the maximum 
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and minimum thickness of ligamentum flavum at 
various levels. The ligamentum flavum’s mean 
(±SD) thicknesses at the L4-L5 level were 3.4609 
± 0.48273 and 33.4086 ± 0.52461 mm on the left 
and right, respectively, as shown in Table III. At 
the L5-S1 level, they were 3.6128 ± 0.53194 and 
3.5539 ± 0.47369 mm, respectively. Gender-re-
lated differences in ligamentum flavum thickness 

were not statistically significant (independent 
samples test, p > 0.05). In comparison to the right 
side, the left LF was noticeably thicker at the L4-
L5 and L5-S1 levels (Table III). Figure 1 shows 
the LF thickness at the L4-L5 and L5-S1 levels. 
Additionally, ligamentum flavum thickening is 
visible in two of the cases’ sagittal MRI sections 
shown in Figure 2.

Discussion

When it comes to disc surgery, the LF is a cru-
cial structure. In the axial plane, it can be sim-
ply divided into the pars interspinalis, pars inter-
laminaris, and pars capsularis10. The bulk of the 
pars interlaminaris should be cut during surgery 
in order to reveal and decompress the nerve root 
and dural sac. In the sagittal plane, LF is further 
separated into superficial and deep components. 

Table I. Demographic distribution among participants (N = 79).

 Mean (SD) Percentage 

Male 49  62%
Female 30 38%
Age from 21-30 6 7.59%
Age from 31-40 19 24.05%
Age from 41-50 23 29.11 %
Age from 51-82 31 39.24 %
No. of ligamentum 26 32.9 %
flavum hypertrophy

Figure 1. Metric analysis in T2-weighted MR sequence of a ligamentum flavum at L4-L5 level in the axial plane.

Table II. Descriptive statistics among participants.

 Maximum Minimum Mean SD 

Age  82 y 21 y 44.61 13.562
Right L4- L5 (mm) 4.86 1.75 3.4085 0.53196
Left L4- L5 (mm) 4.87 1.86 3.4628 0.48273
Right L5- S1 (mm) 5.04 2.41 3.5540 0.47369
Left L5- S1 (mm) 5.52 1.84 3.6129 0.53195

3.62 mm

7.3 9 mm



Filling the interlaminar gap is a fibrous, light-yel-
low tissue that is the superficial component of the 
ligamentum flavum. It has a thickness of 2.5-3.5 
mm. The ventral surface is formed by a thin, dark 
yellow structure known as the deep component. It 
has a thickness of about 1 mm. Spinal canal imag-
ing not only aids in the detection of rare diseases 
but also advances the development of innovative 
surgical techniques. In particular, minor surgi-
cal intervention can be used to treat neurological 
symptoms caused by “pure LF pathologies”11.

We measured the LF thickness in patients with 
low back pain using MR imaging and specially 
designed spine-specific assessment procedures. It 
is unclear what causes the ligamentum flavum to 
thicken. It is still debated whether the thickening 
is due to tissue distortion or hypertrophy. Some re-
search claims that the ligament’s hypertrophy is the 
cause of the canal’s narrowing, while others con-
tend that the LF’s abnormalities inside the spinal 
canal squeeze the nerve tissues12,2. Furthermore, 
although “hypertrophy” and “thickening” do not 
always mean the same thing, these terms are often 
used interchangeably in the literature13. Research 

Table III. LF thickness (mm) comparison.

Level Right (mm) Left (mm) t df p 

L4-L5 3.4086 ± 0.52461 3.4609 ± 0.48273 3.347 319 0.002
L5-S1 3.5539 ± 0.47369 3.6128 ± 0.53194 3.294 319 0.001

Figure 2. Sagittal T2WIs of a patient show ligamentum flavum thickening.

on the ligamentum flavum’s pathophysiology has 
focused on the variables that impact its thickness, 
primarily segmental instability. Only one previ-
ous study indicated that the thickening of the liga-
mentum flavum was due to hypertrophied or mal-
formed tissue, and authors questioned if this was 
connected to disc degeneration observed during 
MRI tests13. Two primary explanations account 
for the emergence of hypertrophic ligamentum fla-
vum. Ligamentum flavum hypertrophy is attribut-
ed to fibrotic alterations and supporting evidence 
of collagen production. Elevated expression of 
these biomarkers stimulates fibroblasts to produce 
collagen and promotes the deterioration of elastic 
fibers14. These mechanisms are a component of the 
spine’s degenerative process. Canal narrowing re-
sults from ligamentum flavum decreased flexibility 
and protrusion into the canal space despite its nor-
mal thickness15. Histological studies also demon-
strated the loss of elastic fibers and their conversion 
to ligamentum flavum cartilaginous tissue16. In 79 
patients, we assessed the LF thickness at the L4-
L5 and L5-S1 levels. Since more than 95% of disc 
and stenotic spinal canal surgeries are done at these 
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levels, these intervertebral levels were selected. 
Due to their dependent position and weight-bear-
ing characteristics, these levels are also the ones of 
the spine that are most frequently damaged, which 
is another rationale for their selection17. According 
to our research, age or gender did not significantly 
affect the LF thickness. In contrast, another study18 
that examined the mean thickness of the LF in 77 
participants ranging in age from ten to eighty-five 
years discovered that, although the thickness at the 
L5/S1 level did not change significantly after the 
age of 30, the thickening at the L4/5 level increased 
steadily with age. At the same level, there was a 
noticeable variation in LF thickness between the 
contralateral sides.

This study suggests that there may be an asym-
metry associated with LF thickness. Anatomical 
variances, such as those found in our study, and 
changes in posture can have an impact on surgi-
cal decision-making and surgical outcome. Prior 
to and during surgery, all anatomical, morpho-
logical, and postural concerns must be taken into 
consideration. Because the patient is in a supine 
posture during the surgical operation, positional 
buckling, particularly in the extended position, 
may be overlooked. If preoperative imaging slices 
show this type of result, LF is excised extensively.

When interpreting the results, it is important 
to take into account the limitations of our study. 
First and foremost, a variety of conditions, includ-
ing facet osteoarthritis and spondylolisthesis, lead 
to spinal canal narrowing beyond the thickness 
of the LF. These further variables should also be 
taken into account in the analysis in order to have 
a deeper understanding of the pathophysiology of 
the canal narrowing. There were only a few people 
in our study group, and there was no control group. 

Consequently, it was not possible to assess the 
relationship between LF thickness and spinal ca-
nal stenosis symptoms in the context of our in-
vestigation. Furthermore, a thickness of greater 
than 3.5 mm, which denotes a limited range of LF 
thickness seen in earlier investigations, was used 
to characterize the thickening of the LF.

Conclusions 

An essential anatomical feature that can result 
in low back and/or leg pain is the ligamentum fla-
vum, which can also induce spinal and/or lateral 
recess stenosis. The thickness of the ligamentum 
flavum is a significant determinant in low back 
pain. This finding may support the reactive na-

ture of the LF to higher mechanical stresses at the 
lower lumbar levels, as well as the degenerative 
process in the LF that happens with aging. There-
fore, in the event that spinal and/or lateral recess 
stenosis is suspected, the thickness of the LF and, 
in particular, changes in location should be mea-
sured carefully before surgery.
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