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The roles of inflammatory cytokines in the  
pathogenesis of ossification of ligamentum flavum
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Abstract: Ossification of Ligamentum Flavum (OLF) is associated with serious neurologic symptoms including tho-
racic myelopathy and spinal stenosis. The pathogenesis of thoracic OLF is mainly due to the localized mechanical 
stress on the ligament induced enchondral ossification. However, despite numerous epidemiological and basic sci-
ence studies, the mechanism of this process remains unclear. Studies have suggested that inflammatory cytokines, 
such as IL-6, TNF-α, seem to play a crucial role in OLF. In this review, we summarise the mechanistic information on 
the roles of inflammation cytokines in OLF and discuss about several therapeutic methods for OLF. Further studies 
on the role of cytokines in OLF should provide important insights into the designation of therapeutic strategies in 
preventing human spinal stenosis caused by OLF.
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Introduction

Ossification of the ligamentum flavum (OLF) is 
one of the important causes of thoracic myelop-
athy (TM) that leads to the narrowing of the spi-
nal canal. OLF can significantly contribute to a 
spatial reduction of the thoracic spinal canal, 
resulting in slowly progressive paraphrases or 
acute paraplegia after trauma to the back. OLF 
usually exists with myelopathy in the setting of 
thoracic spinal stenosis, but its aetiology is not 
well defined. However, OLF has been associat-
ed with skeletal fluorosis, trauma, diffuse skel-
etal hyperostosis (DISH), ankylosing spondyli-
tis, diabetes, hemochromatosis hyperthyroi- 
dism, and deposition of calcium pyrophosphate 
crystals [1]. OLF may present as distinct syn-
dromes. It involves chronic spinal cord com-
pression over a long period of time and pres-
ents with unsteady gait, difficulty with balance 
and climbing stairs [2-4]. Because symptoms 
vary and are subjective, diagnosis of TM caused 
by OLF is sometimes difficult when based on 
symptoms and physical examination. Since this 
disease is the ectopic bone formation within 
the ligamentum flavum, it may results in mass 

effect and neurological compromise [5]. The 
low thoracic region is the most common region 
of occurrence, and followed by the cervical and 
lumber spine.

Etiology of OLF

The etiologic causes for most of the OLF are 
unknown. Diffuse idiopathic skeletal hyperosto-
ses (DISH), Ankylosing spondylosis, Hemoch- 
romatosis, fluorosis, calcium pyrophosphate 
dehydrate deposition disease and traumas are 
the possible initial causes [6, 7]. Pathological 
study of the ligamentum flavum suggested that 
the ligaments will get hypertrophied, thickened, 
and calcified before it turns ossified [8]. The 
process of ossification starts at the base of the 
ligament with enchondral ossification of the 
vascularised fibro cartilaginous tissues. It 
starts from capsular sides and gradually spread 
anteriorly and medially compressing the spinal 
card from posterior-lateral sides. Several stud-
ies have indicated the possible roles of mechan-
ical, genetic, metabolic, and cell biological fac-
tors in the development and progression of OLF 
[9]. However, the pathogenic role of cytokines 
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for OLF is not fully elucidated. There are two 
types of OLF. The first one is more common, as 
it presents as gradual onset of myelopathy with 
slow deterioration in neurological status. 
Another proposed aetiology is the elevation of 
fibronectin concentration in plasma, as it pro-
motes the formation of fibroblasts in ligaments; 
this will further results in endochondral ossifi-
cation [10].

Risk factors

Previous reports have shown that this disease 
has a genetic predilection with a majority of 
documented cases are Japanese population 
[10]. Recent studies suggested that genetic 
modifications on numerous growth factors 
including BMP and TGF-β revealed their roles in 
regulating the development, growth, mainte-
nance as well as the formation of new cartilage 
and bone tissues. While in human study, liga-
mentum flavum cells were susceptible to ade-
novirus-mediated markers [11].

A case study conducted recently by Mobbs had 
demonstrated dietary habits may also be 
another independent risk factor. A patient from 
a low risk genetic background developed multi-
level thoracic ossification as he followed stan-
dard Japanese dietary habits since young. 
Furthermore, higher incidents of obesity, distur-
bance in glucose metabolism, higher preva-
lence of diabetes mellitus and hyperinsulinism 
were observed in patients with OLF [10].

Inflammatory cytokines and OLF

Cytokines are small secreted proteins that 
serve as messengers between cells. They are 
largely involved in the regulation of reproduc-
tion, growth and development, normal homeo-
static regulation, response to injury and self-
repairing of human immunity. Inflammatory 
cytokines, such as interleukins, tumor necrosis 
factor (TNF-α), T cell growth factor (TGF) and 
chemokine, are part of immune response to 
injuries and infections, and effects on either to 
increase or to decrease inflammation. Pro-
inflammatory cytokines are responsible for 
early responses, such as IL-1-alpha, IL-1-beta 
IL-6, and TNF-α [12]. Other more pro-inflamma-
tory mediators include members of the IL-20 
family, IFN-gamma, TGF-β, IL-17, IL-18 and a 
variety of other chemokines. These cytokines 
act as endogenous pyrogens (IL-1, Il-6, TNF-

alpha), to up-regulate the synthesis of second-
ary mediators [13]. Pro-inflammatory cytokines 
stimulate the production of acute phase pro-
teins to attract inflammatory cells. In contrast, 
anti-inflammatory cytokines such as IL-4, IL-10, 
IL-16 and TGF-beta, contribute to the control of 
the magnitude to the inflammatory responses 
in vivo by the inhibition of the production of the 
pro-inflammatory cytokines or by counteracting 
many biological effects of pro-inflammatory 
mediators.

Studies have found that degenerated interver-
tebral disk spontaneously produces inflamma-
tory cytokines, which might affect the adjacent 
LF through local milieu of the spinal canal [14]. 
Histopathologically, the progress of calcifica-
tion and ossification was closely associated 
with the degeneration elastic fibers and with 
significant expression of inflammatory cyto-
kines in the ossification front, such as BMP-2, 
TGF-beta, and VEGF [4]. Degenerated, herniat-
ed intervertebral disks and facet arthrosis may 
also influence LF through the secreted inflam-
matory cytokines and cause hypertrophy and 
ossification of LF.

Previous study by Park et al have showed that 
under resting conditions, the mRNA levels of 
β-catenin, Runx2, Sox9, and osteopontin in cul-
tured OLF cells were significantly higher than in 
the control non-OLF cells. Application of cyclic 
tensile strain to OLF cells resulted in significant 
increases of mRNA expression levels of 
β-catenin, Runx2, Sox9, and osteopontin. 
Hypertrophic chondrocytes elevated around 
the calcification front were immunopositive for 
Runx2 and osteopontin. Immunoreactivity of 
β-catenin and Sox9 was strongly present in pre-
mature chondrocytes in the fibrocartilage area. 
They also found that accumulation of hypertro-
phic chondrocytes was evident around the cal-
cified area at the ossification front, and this 
suggests that the differentiation of these cells 
seems to be related with the ossification pro-
cess. Under resting conditions (no tensile 
strain), the mRNA levels of β-catenin, Runx2, 
Sox9, and osteopontin in cultured OLF cells 
were significantly higher than in the control 
non-OLF cells. Application of cyclic tensile 
strain to OLF cells resulted in significant 
increases in mRNA expression levels of 
β-catenin, Runx2, Sox9, and osteopontin at 24 
hours. Hypertrophic chondrocytes present 
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Figure 1. A schematic representation of cytokine and cellular interaction in the tumour-necrosis factor (TNF)-depen-
dent cytokine cascade illustrating the role of TNF in the cytokine network of OLF.

around the calcification front were immunopos-
itive for Runx2 and osteopontin. Immuno 
-reactivity of β-catenin and Sox9 was strongly 
elevated in premature chondrocytes in the 
fibrocartilage area. These results indicated that 
cyclic tensile strain applied to OLF cells activat-
ed their ossification through a process mediat-
ed by the β-catenin signaling pathway. The 
induced inflammatory cytokines also up-regu-
late collagen synthesis during the pathogene-
sis of LF hypertrophy and ossification [14].  An 
in vitro study carried out by Park et al found 
that there were significant increases in DNA 
and mRNA synthesis of type I, V, XI collagen and 
osteocalcin in human LF cultures with inflam-
matory cytokines IL-1α, IL-6, PGE2, TNF-α.

Figure 1 showed a schematic representation of 
cytokine and cellular interaction in the tumour-
necrosis factor (TNF)-dependent cytokine cas-
cade illustrating the role of TNF in the cytokine 
network of OLF. The degenerated intervertebral 
disk spontaneously produces inflammatory 
cytokines, such as IL-6, IL-12, IL-18 and TNF. 
These pro-inflammatory cytokines further stim-
ulate the key interacting cells, CD4+ T cells and 
macrophage. These interacting cells further 
affect the adjacent LF through local milieu of 
the spinal canal.

Diagnosis and treatments

OLF should be included in causes of thoracic 
paraplegia. X-rays are not very classical. MRI-
T2 weighted sagittal plane shows indentation 
on the thoracic card from behind. CT- Axial 
plane scanning and MRI shows typical ossifica-
tion of OLF [15, 16].

Patients with thoracic myelopathy due to OLF 
usually underwent decompressive laminecto-
my and excision of the ligamentum flavum. The 
pathogenesis of thoracic OLF is mainly due to 
the localized mechanical stress on the liga-
ment [17]. Wang et al. suggested that the 
Laminectomy combined with lateral fusion is 
the most effective treatment for thoracic OLF 
[3]. Furthermore, in terms of the configuration 
of the ossified lesions, en bloc laminectomy is 
suitable for the treatment of lateral-type and 
diffuse-type OLF, and the separating laminec-
tomy is suitable for the thickened, nodular-type 
OLF. Decompressive Laminectomy, Laminopl- 
asty and retaining posterior elements are the 
common options for the treatment of OLF. 
Laminectomy and fusion can prevent increases 
in kyphotic deformity. Complications are pres-
ent when it is associated with ossification of 
dura. Commonest complication is CSF leak due 
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to associated dural calcification; this will cause 
meningitis, delayed wound healing, incomplete 
neurological recovery or deterioration in neuro-
logical status. Other approaches include surgi-
cally removal of boney lesions using high-speed 
drill and curettes and/or reconstruction with a 
dural graft substitute.

In summary, OLF is an important cause of tho-
racic myeloradiculopathy. Dietary habits, cyto-
kines and other mediators, such as bone mor-
phogenetic proteins are important in the 
ossification process of human thoracic liga-
mentum flavum. In order to design therapeutic 
strategies in preventing human spinal stenosis 
caused by OLF, the effects of cytokines on OLF 
are required to be investigated in further 
details.
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