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Abstract
Objective: This study investigates whether the thickening of the ligamentum flavum (LF) is correlated with disc degeneration. 
Methods: This retrospective study was conducted with 98 patients with chronic low back pain treated in a spinal surgery service 
between January 2012 and January 2013. All patients underwent magnetic resonance imaging (MRI) and the images were eva-
luated by a spinal surgeon to measure the thickness of the LF and evaluate the degree of disc degeneration by the Pfirrmann 
grading system, according to the spinal levels (L3 -L4, L4-L5, L5-S1). An association was sought between LF hypertrophy and 
disc degeneration, age, sex and disc height. Results: The mean age of the patients was 53.6 years, and the majority were wo-
men (59.2%). The thickness of the LF and disc height varied according to the spinal level, the greatest LF thickness being found 
between L4-L5, and the greatest disc height at L5-S1. Women had statistically thicker ligaments in L3/L4 than men. The degree 
of disc degeneration was inversely correlated with the height at all the levels evaluated, i.e., the greater the degree of degene-
ration, the lower the disc height. Conclusions: The thickening of LF is not related to disc height or degree of disc degeneration. 
Therefore, there is no deformation of the LF within the spinal canal secondary to disc degeneration.
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RESUMO
Objetivo: Investigar se o espessamento do ligamento amarelo (LA) está correlacionado com a degeneração discal. Método: Este estudo 
retrospectivo foi realizado com 98 pacientes com dor lombar crônica, em acompanhamento ambulatorial em serviço especializado em 
cirurgia da coluna vertebral entre janeiro de 2012 e janeiro de 2013. Todos os pacientes foram submetidos a exames de ressonância mag-
nética (RM) e as imagens foram avaliadas por um especialista em cirurgia da coluna vertebral para aferir e quantificar a espessura do LA e 
o grau de degeneração discal pelo método de Pfirrmann conforme os níveis da coluna (L3-L4, L4-L5, L5-S1). Analisaram-se a associação 
entre hipertrofia do LA e degeneração discal, idade e sexo dos pacientes e altura do disco. Resultados: A média de idade dos pacientes 
foi 53,6 anos, sendo a maioria do sexo feminino (59,2%). A espessura do LA e a altura do disco variaram conforme o nível, com a maior 
espessura do LA entre L4-L5 e a maior altura discal em L5-S1. As mulheres apresentaram média estatisticamente maior de espessura 
do ligamento em L3/L4 que os homens. O grau de degeneração discal correlacionou-se inversamente com a altura em todos os níveis 
avaliados, ou seja, quanto maior o grau de degeneração, menor a altura do disco. Conclusões: O espessamento do LA não tem relação 
com a altura do disco ou com grau de degeneração discal. Subtende-se, portanto, que não há deformação do LA dentro do canal medular 
decorrente da degeneração discal.

Descritores: Coluna vertebral; Ligamento amarelo; Disco intervertebral; Degeneração do disco intervertebral.

RESUMEN
Objetivo: Investigar si el espesamiento del ligamento amarillo (LA) se correlaciona con la degeneración del disco. Método: Este estudio 
retrospectivo se llevó a cabo con 98 pacientes con dolor lumbar crónico en servicio de atención ambulatoria especializado en cirugía de 
columna, entre enero de 2012 y enero de 2013.Todos los pacientes fueron sometidos a una resonancia magnética (MRI) y las imágenes 
fueron evaluadas por un especialista en cirugía de columna para comparar y cuantificar el espesor del LA y el grado de degeneración 
del disco por el método de Pfirrmann, según los niveles de la columna vertebral (L3-L4, L4-L5, L5-S1). Se analizó la asociación entre la 
hipertrofia del ligamento amarillo y la degeneración del disco, la edad y el sexo de los pacientes y la altura del disco. Resultados: La edad 
media de los pacientes fue de 53,6 años y la mayoría eran mujeres (59,2%). El espesor del LA y la altura del disco variaron según el nivel, 
con el mayor espesor del LA encontrado entre L4-L5 y la mayor altura del disco, en L5-S1. Las mujeres tuvieron estadísticamente mayor 
espesor medio del ligamento en L3/L4 que los hombres. El grado de degeneración del disco se correlacionó inversamente con la altura 
en todos los niveles evaluados, es decir, cuanto mayor sea el grado de degeneración del disco, menor será su altura. Conclusiones: El 
espesamiento del LA no tiene ninguna relación con la altura del disco o el grado de degeneración del disco. Esto implica, por lo tanto, 
que no hay deformación dentro del LA dentro del canal espinal debido a la degeneración del disco.

Descriptores: Columna vertebral; Ligamento amarillo; Disco intervertebral; Degeneración del disco intervertebral.
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INTRODUCTION
The ligamentum flavum wraps around the medial aspect of the 

spinal articulations and is composed more of elastic than collagen 
fibers, hence its yellow color. Its elasticity diminishes with age, and 
there is a loss of the elastic fibers and a concomitant increase of 
collagen fibers.1 This ligament consists of a superficial and a deep 
component. The superficial component is inserted into the superior 
and posterosuperior edges of the caudal lamina. The deep compo-
nent is inserted at a variable distance into the anterosuperior surface 
of the caudal lamina. Generally, the ligamentum flavum begins in 
the middle of the cephalic lamina and is inserted into the superior 
surface of the caudal lamina.2 

Various authors have suggested that the ligamentum flavum 
plays an important role in vertebral disease, more specifically, in 
spinal stenosis.3,4 Thickening of the ligamentum flavum can reduce 
the diameter of the spinal canal, compressing the dural sac and the 
nerve roots and contributing to low back pain and sciatica, even 
in the absence of a protuberant fibrous ring, a herniated nucleus 
pulposus, or bone spurs.5,6 

Although the ligamentum flavum thickens with age, other fac-
tors, including clinical diagnosis, pain, and function, do not seem to 
be related to the width of the ligamentum flavum.6 Several studies 
suggest that long-term wide segmental movement contributes to 
hypertrophy of the ligamentum flavum, and that this could be a key 
factor in stenosis and nerve compression. Altinkaya et al7 concluded 
that the thickening of the ligamentum flavum is correlated with disc 
degeneration, aging, body mass index, stenosis, and disc hernia-
tion, and that it is due to deformation within the vertebral canal, 
as a result of disc degeneration, rather than hypertrophy of the 
ligamentum flavum.  

Although the narrowing of the disc space is an important factor 
in morbidity associated with lumbar spine disease, our investigation 
is focused on the hypothesis that degenerative changes in the disc 
lead to thickening of the ligamentum flavum.8 However, only one 
report of thickening of the ligamentum flavum due to hypertrophied 
or deformed tissue has been published, and that study questioned 
whether the thickening is related to disc degeneration in magnetic 
resonance imaging (MRI).9 

The objective of this study is to investigate the hypothesis that 
the thickness of the ligamentum flavum is correlated with the grade 
of disc degeneration according to the levels of the spine.  

METHODS
This retrospective observational study was based on the case 

histories and imaging exams of all the patients with chronic low back 
pain submitted consecutively to MRI exams at the Outpatient Spinal 
Surgery Clinic of the Faculdade de Medicina do ABC between Janu-
ary 2102 and January 2013. Ninety-eight individuals were included in 
the study (56 of them women), with ages ranging from 15 to 87 years 
(average of 53.5 years with a standard deviation (SD) of 13.6 years).  

Patients with at least three months of low back pain were 
included, while patients with transitional vertebrae, fractures, tu-
mors or infections of the spine, prior surgeries, or deformities like 
scoliosis, kyphosis, or congenital malformations, such as spina 
bifida, were excluded.

All the patients were examined by MRI, with T1-sequence axial 
sections at three levels: L3-L4, L4-L5, and L5-S1. The same eva-
luator verified the degree of degeneration and thickening of the 
ligamentum flavum in all the cases. 

The evaluation of disc degeneration was conducted according to 
the method of Pfirrmann et al,10 and included measuring the height 
of the anterior third of the disc.

The thickness of the ligamentum flavum was measured with an 
electronic ruler with a resolution of 0.1 mm by means of a line drawn 
transversally to the facet joint level (Figure 1) through the middle 
section of the ligamentum flavum. If the thickness was bilaterally 
asymmetrical, the measurement of the thickest part was used. 

Statistical analysis
In this study, the patient characteristics were described using the 

average and standard deviation for age and the absolute and relative 
frequencies for the sexes. The values of the thickness and height 
of the ligaments were described using summary measurements 
(average, standard deviation, median, minimum and maximum) 
and compared between the ligaments using analysis of variance 
(ANOVA) with repeated measurements.11 The Huynh-Feldt apud 
Neter et al11 correction was used to compare the height between 
the ligaments. The analyses were followed by Bonferroni apud Neter 
et al11 multiple comparisons to identify between which ligaments 
significant differences existed. 

Pearson apud Kirkwood and Sterne12 correlations were calcu-
lated to determine the existence of correlations between height and 
thickness and age, and Spearman apud Kirkwood and Sterne12 
correlations were calculated to determine the existence of correla-
tions among the grades of disc degeneration and the heights and 
thicknesses of the ligaments.   

The analyses were performed using the Statistical Package for 
Social Sciences (SPSS) software, version 17.0, and a level of sig-
nificance of 5% (α = 0.05) was assumed for all tests. 

RESULTS 
The average age of the patients included in the study is 53.6 

years (Table 1) and most of the patients are female (59.2%).
Table 2 shows that the average thickness of the ligaments and 

average height of the discs vary significantly according to the levels 
(p < 0.001 and p = 0.039 respectively). Table 3 shows the pairwi-
se comparisons: ligament at L4/L5 presents a statistically greater 
average thickness than ligaments at L3/L4 and L5/S1 (p < 0.001), 
while the average thicknesses of ligaments at L3/L4 and L5/S1 are 
statistically equal (p = 0.621). However, in terms of the disc height, 

Figure 1. Measurement of the thickness of the ligamentum flavum in T1-weighted 
MRI scan at the level of the common facet joint.
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Table 1. Description of patient characteristics.

Variable Frequency %

Sex

Female 58 59.2

Male 40 40.8

Age (years)

Average (SD) 53.6 (13.8)

Total 98 100
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even though a statistically significant average difference between 
the levels was verified (p = 0.039, as shown in Table 2), it was not 
possible to identify between which levels the difference in height 
really exists (p > 0.05).

Table 4 shows that female patients have a statistically grea-
ter average thickness of the ligament at L3/L4 than male patients
(p = 0.009). The association between age and the thickness of the 
ligament was not verified (p > 0.05).

Table 5 shows an inverse correlation between the grade of disc 
degeneration and disc height in all the levels evaluated, i.e. the 
greater the degeneration the lower the height of the disc (p < 0.05).

DISCUSSION 

We know that the ligamentum flavum is a connective tissue that 
runs from the second cervical vertebra to the first sacral vertebra.13 
Its function affects the intrinsic stability of the vertebral spine, con-
trols intervertebral movement, and maintains a smooth surface for 
the dural sac.5 

The pathogenesis of thickening of the ligamentum flavum is not 
clear. There is still controversy as to whether the thickening is due to 
hypertrophy of the tissue or deformation. Some studies state that the 
narrowing of the canal is the result of hypertrophy of the ligament, 
while others argue that deformities of the ligamentum flavum inside 
the spinal canal compress the nerve tissues.1,6,9 Additionally, the 
terms “thickening” and “hypertrophy” are used interchangeably in 
the literature, although they are not necessarily the same thing.13 

Table 2. Description of thickness and height of each ligament and the results 
of comparison between the ligaments: analysis of variance with repeated 
measures (ANOVA).

Variável Level Average SD Median Minimum Maximum N p

Thickness

L3/L4 0,26 0,08 0,27 0,10 0,50 98

< 0,001L4/L5 0,35 0,10 0,34 0,17 0,58 98

L5/S1 0,27 0,08 0,27 0,14 0,54 98

Height

L3/L4 0,93 1,27 0,79 0,34 13,20 98

0,039*L4/L5 1,15 2,38 0,91 0,24 24,30 98

L5/S1 1,24 2,70 0,97 0,19 27,50 98
*with Huynh-Feldt correction.
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Table 3. Results of the Bonferroni multiple comparisons between the thick-
nesses and heights between the ligaments according to level.

Variable Comparison
Average 

difference
Standard 

error
p

CI (95%)

Inferior Superior

Thickness

L3/L4 - L4/L5 -0.08 0.010 < 0.001 -0.11 -0.06

L3/L4 - L5/S1 -0.01 0.009 0.621 -0.03 0.01

L4/L5 - L5/S1 0.07 0.011 < 0.001 0.05 0.10

Height

L3/L4 - L4/L5 -0.23 0.114 0.155 -0.50 0.05

L3/L4 - L5/S1 -0.31 0.147 0.108 -0.67 0.05

L4/L5 - L5/S1 -0.09 0.044 0.139 -0.19 0.02
CI = confidence interval.

Table 4. Description of the disc heights and ligament thicknesses according to sex, and results of comparisons between the sexes (Student’s t-test).

Variable Sex Average SD Median Minimum Maximum N p

L3/L4 thickness
Female 0.28 0.08 0.28 0.11 0.54 58

0.009
Male 0.24 0.08 0.22 0.12 0.44 40

L4/L5 thickness
Female 0.36 0.11 0.34 0.18 0.58 58

0.147
Male 0.33 0.10 0.31 0.17 0.56 40

L5/S1 thickness
Female 0.28 0.08 0.28 0.14 0.54 58

0.110
Male 0.26 0.08 0.25 0.14 0.44 40

L3/L4 height
Female 0.76 0.20 0.76 0.34 1.53 58

0.122
Male 1.17 1.96 0.84 0.52 13.20 40

L4/L5 height
Female 0.90 0.29 0.89 0.24 2.14 58

0.296
Male 1.52 3.70 0.92 0.37 24.30 40

L5/S1 height
Female 0.92 0.31 0.94 0.19 2.20 58

0.250
Male 1.70 4.19 1.05 0.60 27.50 40

SD = standard deviation.

Table 5. Result of the correlations of interest for each ligament.

Level Variables Correlation N p

L3/L4

Age versus height 0.037 98 0.717

Age versus thickness 0.170 98 0.093

Height versus thickness -0.077 98 0.449

Pifirrmann versus height* -0.305 98 0.002

Pifirrmann versus thickness* 0.061 98 0.553

L4/L5

Age versus height 0.034 98 0.739

Age versus thickness 0.124 98 0.223

Height versus thickness 0.015 98 0.881

Pifirrmann versus height* -0.535 98 < 0.001

Pifirrmann versus thickness 0.019 98 0.852

L5/S1

Age versus height 0.034 98 0.742

Age versus thickness 0.033 98 0.747

Height versus thickness 0.132 98 0.197

Pifirrmann versus height* -0.201 98 0.047

Pifirrmann versus thickness* -0.048 98 0.637
Result of the Pearson correlation; * Result of the Spearman correlation.
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Studies of the pathophysiology of the ligamentum flavum em-
phasized the factors that affect its thickness, mainly in segmental 
instability.3,4,6-9,14,15 However, only Sakamaki et al9 described the thi-
ckening of the ligamentum flavum as being caused by hypertrophied 
or deformed tissue, and they questioned whether it was related to 
disc degeneration in the MRI exams.

To assess this theory, the relationship between the thickness of 
the ligamentum flavum, the degeneration of the intervertebral disc, 
and disc height at L3-L4, L4-L5, and L5-S1 was examined. We con-
firmed that the thickness of the ligamentum flavum at levels L3-L4, 
L4-L5, and L5-S1 was not significantly greater in patients with grade 
IV and V degeneration than in those with grade I to III degeneration. 
These results suggest that thickening of the ligamentum flavum is 
not due to the deformation of this ligament inside the vertebral canal 
as a result of disc degeneration. 

As in Sakamaki et al9, our study did not find a correlation betwe-
en the thickness of the ligamentum flavum and disc degeneration. 
However, unlike previous studies,9,13,16 we did not find any associa-
tion between thickness and age, probably due to the size of our 
sample. An association between thickness and the female sex was 
only apparent at level L3-L4.

A limitation of our study is the fact that we measured the 

thickness of the ligamentum flavum only at the facet joint section 
and not in the other locations where it was present, failing to take 
into account the complex geometric morphology of the vertebral 
canal. In addition, we did not have data or MRI exams of individuals 
without low back pain or leg pain that could have been used as a 
control group for comparison, which should be implemented in a 
future study. Furthermore, parameters for the normal thickness of 
the ligamentum flavum of the vertebral spine do not exist in the 
literature and, when these are recorded, histopathological analysis 
should be included.

CONCLUSION 
The results of this study suggest that the thickening of the li-

gamentum flavum has no relationship to disc height and grade of 
disc degeneration. Therefore, it is understood that there was no 
deformation or hypertrophy of the ligamentum flavum inside the 
spinal canal secondary to disc degeneration.  

All authors declare no potential conflict of interest concerning 
this article.
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