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Purpose: Cervical ossification of ligamentum flavum (COLF) is a rare clinical entity which 
can occasionally contribute to severe myeloradiculopathy. Many orthopedists are unfamiliar 
with or underestimate this pathology. Therefore, a comprehensive research is obligatory to 
reappraise the epidemiological, radiological, clinical and histopathological characteristics of 
COLF-myeloradiculopathy based on synthesis of individual patient data.
Methods: Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines, PubMed, EMBASE, Scopus and Web of Science databases were searched for 
studies discussing COLF-myeloradiculopathy from the inception to December 2020.
Results: A total of 94 cases from 54 studies were identified. The annual publications 
demonstrated a steady increase, and most reports were from Japan and China. The mean 
age was 58.76±13.39 years and nearly 60% of cases occurred in the 55–64 and 65–74 years 
age group. The male-female ratio was 1.4:1. Most cases belonged to East Asian population 
(60.64%). COLF predominately appeared in the lower cervical and cervicothoracic spine 
(76.60%) and mainly affected C4-5 (23.29%) and C5-6 (21.23%). Single-segment type 
ossification accounted for 62.76 and 45.45% of ossification lesions distributed bilaterally. 
The majority of COLF (81.1%) were spontaneous, and motor disturbance (76.4%), spinal 
ataxia (62.5%) and sensory disturbance (58.9%) were the most common manifestations. 
Histopathologically, it’s a metaplastic process of endochondral ossification with the forma-
tion of mature lamellar bone which was distinguished from calcification of ligamentum 
flavum. About 21.28% of concurrent COLF and COPLL cases were identified as 
a separated group, with unique characteristics.
Conclusion: COLF is an underappreciated but potentially growing pathogeny of myelor-
adiculopathy in aging population, though its distinct epidemiological, radiological, clinical 
and histopathological features are not fully supported by current evidence. However, our 
findings will provide several referential data for future researches to shed light on COLF.
Keywords: ossification of ligamentum flavum, cervical myelopathy, semeiology, 
epidemiology, radiography, histopathology

Introduction
Ossification of the ligamentum flavum (OLF) is a relatively rare clinical entity sec-
ondary to a combination of intrinsic and extrinsic factors, which can occur in all parts of 
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the spine, particularly in the thoracic spine but rarely in the 
cervical region.1,2 In 1962, Koizumi et al first reported a 55- 
year-old male patient with cervical OLF (COLF) at C6-7 
presenting with progressive quadriparesis (Figure 1A–D).3 

Subsequently, advanced imaging modalities, especially com-
puted tomography (CT) and magnetic resonance imaging 
(MRI), increased the detectable rate of asymptomatic 
COLF.4 Meanwhile, several symptomatic cases who required 
surgical intervention have been taken seriously and increas-
ingly studied since 1980s as a cause of acquired cervical 
myelopathy.5–8 Thence, this pathology was no longer over-
looked in clinical practice, though its etiology and pathogen-
esis have not been conclusively established.

The prevalence and demographic characteristics of COLF 
remains obscure due to insufficient controlled epidemiologi-
cal data in current literature. A Japanese scholar reported the 
relative incidence of asymptomatic OLF in the cervical spine 

was approximately 0.9%.9 Al-Jarallah et al found the preva-
lence of COLF was 10.8% among a consecutive series of 102 
Arab hospitalized patients, and the male-female ratio was 
2.7:1.10 Recently, Liang et al conducted an whole-spine CT- 
based epidemiological survey involving 2000 Chinese popu-
lation, and detected only 5 COLF subjects (0.3%).11 

Additionally, whether geographical and ethnic distribution of 
COLF are unique or consistent with TOLF remains unknown.

Progressive COLF can contribute to chronic myelor-
adiculopathy and an evolving quadriparesis.12 As other 
myelopathies derived from cervical spondylosis or 
OPLL, it is refractory to conservative management, 
and surgical decompression is recommended.13 

Moreover, the coexistence of OLF and OPLL in the 
cervical spine, another extremely rare phenomenon, 
was scatteredly reported (Figure 1E–H).14–16 The preva-
lence of this phenomenon in the latest epidemiological 

Figure 1 (A) Sagittal computed tomography view of COLF; (B) axial computed tomography view of COLF; (C) sagittal magnetic resonance imaging of COLF; (D) axial 
magnetic resonance imaging of COLF; (E) sagittal computed tomography of concomitant COLF and COPLL; (F) axial computed tomography view of concomitant COLF and 
COPLL; (G) sagittal magnetic resonance imaging of concomitant COLF and COPLL; (H) axial magnetic resonance imaging of concomitant COLF and COPLL.

https://doi.org/10.2147/CIA.S313357                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Clinical Interventions in Aging 2021:16 898

Zhang et al                                                                                                                                                            Dovepress

https://www.dovepress.com
https://www.dovepress.com


study could be calculated as only 0.2%.17 Different 
ossification lesions have common pathologic features, 
while simultaneously holding unique traits specific to 
each entity. Therefore, it is also essential to elucidate 
its epidemiological and clinical characteristics for tar-
geted surgical strategies.

Due to its rarity, the majority of published studies on 
COLF were case reports or case series, underpowered to 
make a comprehensive understanding and appraisal of this 
entity so many physicians are unfamiliar with or overlook 
it. To the best of our knowledge, there has been no sys-
tematic research on this issue. Therefore, we considered it 
of interest to conduct a comprehensive reappraisal through 
synthesizing all published individual patient data of COLF 
in the current literature, aimed to thoroughly summarize its 
epidemiological, radiological, clinical and histopathologi-
cal characteristics.

Materials and Methods
Search Strategy
This systematic research was conducted following the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement.18 Potentially rele-
vant literature was identified through searching PubMed, 
EMBASE, Cochrane library and Web of Science databases 
from the inception to December 2020. The search strategy 
included combinations of the terms “cervical ossification 
of ligamentum flavum” “cervical ossification of yellow 
ligament” “ossified ligamentum flavum AND cervical” 
and “ossified yellow ligament AND cervical” either as 
free words, keywords or as Medical Subject Heading 
(MeSH) terms. The reference lists of retrieved articles 
were manually searched for relevant articles.

Inclusion and Exclusion Criteria
Articles considered for full review met the following 
inclusion criteria: (i) examined adults with a clinically 
defined diagnosis of COLF based on preoperative imageo-
logical findings, intraoperative identification and/or post-
operative histopathological examinations, (ii) reported 
epidemiological, radiological, clinical or histopathological 
data, (iii) Prospective clinical trials, retrospective studies, 
case series and case reports, and (iv) were published in 
English in a peer-reviewed journal. Cadaver studies, ani-
mal studies and reviews, studies with no abstract or full- 
text available, those considered irrelevant for the topic of 

this article, those written in other languages were 
excluded.

Data Extraction
The following data at individual patient level from eligible 
studies were extracted: (i) literature characteristics (eg coun-
try, publication year, study design), (ii) demographic char-
acteristics (eg sex, age, ethnicity), (iii) radiological 
characteristics (eg affected segments, ossification type, con-
comitant OPLL), (iv) clinical characteristics (presenting 
symptoms, disease duration, management), and (v) histo-
pathological characteristics (HE staining, Masson staining).

Statistic Analysis
A systematic, narrative approach was utilized for this 
research. Continuous variables were presented as means 
with standard deviations and categorical variables as fre-
quencies and percentages (%). t-test or chi-square test was 
used to compare different groups, and p values <0.05 were 
considered statistically significant. All analyses were per-
formed using IBM SPSS (v22.0, Armonk, NY: IBM Corp).

Results
Literature Characteristics
The successive steps of the literature search are summar-
ized in Figure 2. A total of 94 cases of COLF were finally 
identified in 54 eligible studies, including 48 case reports, 
5 case series and 2 clinical studies. The number of 
patients in reported studies ranged from one to fifteen. 
The articles were published between 1962 and 2020. The 
number of published articles, when grouped by 
publication year into 10-year intervals from 1960 to 
2020, demonstrated a steady increase from 1960~1969 
(1 article, describing 1 case) to 2010~2020 (21 articles, 
describing 49 cases) except for that of 1990–1999 
(Figure 3A). Most articles were published by Asian insti-
tutions (n=37, describing 77 cases), followed by 
European (n=5, 13 cases), North America (n=3, 3 
cases), South American (n=1, 1 case) centers. All papers 
were published in 13 countries and the top 4 were Japan, 
China, India and the USA (Figure 3B). The regional 
distribution of cases reported was plotted on a world 
map (Figure 3C).

Epidemiological Characteristics
The mean age of patients (data available in 94 cases) was 
58.76±13.39 years (range, 27–84 years). The mean age of 
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female (60.00±14.13 years) was older than that of female 
(57.87±12.90 years), although this difference was not sig-
nificant (P= 0.224) (Figure 4A). In the age interval 25–34, 
35–44, 45–54, 55–64, 65–74, and ≥75 year, COLF was 
present in 5 cases (5.32%), 9 cases (9.57%), 16 cases 
(17.02%), 29 cases (30.85%), 26 cases (27.66%), 9 cases 
(10.64%) (Figure 4B). Gender was specified in 94 cases, 55 
individuals (58.51%) were men and 39 were women, at 
a ratio of 1.4:1 (Figure 4C). According to the ethnic distribu-
tion, most cases belonged to East Asian population (60.64%), 
followed by Caucasians (12.77%) and African descents 
(12.77%), Arab (11.71%) and Indian (2.13%) (Figure 4D).

Radiological Characteristics
Like TOLF, COLF can also be manifested as single-segment 
distribution (SSD, Figure 5A and D), two-segment distribution 
(TSD, Figure 5B and E) and multiple-segment distribution 
(MSD, Figure 5C and F) on T2-weighted sagittal MRI. In 
addition, according to the location of ossification lesions in the 
lamina, COLF could be observed in the central site (CSL, 
Figure 6A and E), right side (RSL, Figure 6B and F), left side 

(LSL, Figure 6C and G) and bilateral side of the lamina (BSL, 
Figure 6D and H) on axial CT images. A total of 146 affected 
segments in all 94 cases were documented, in which SSD, 
TSD and MSD ossification accounted for 62.76%, 26.60% 
and 10.64%, respectively (Figure 7A). Ossification sites on 
axial CT images were described in 58 cases with 88 levels. 
CSL, RSL, LSL and BSL ossification accounted for 15.91%, 
19.32%, 45.45% and 19.32%, respectively (Figure 7B). The 
average number of affected interlaminar segments was 1.6. No 
difference in the number of affected interlaminar segment was 
observed with respect to gender (P=0.075). Ossification 
lesions involving the lower cervical (C4-C7) and cervicothor-
acic region (C7-T1) accounted for 76.6% while those affecting 
upper cervical spine (C1-C4) accounted for 39.36%. Of all 
146 affected segments, the most common level was C4-5 
(23.29%, n = 34), followed by C5-6 (21.23%, n = 31), C6-7 
(16.44%, n = 24), and C3-4 (15.07%, n = 22) (Figure 7C). On 
T2-weighted sagittal MRI, the signal of ossified focus may be 
isointense, hypointense, or both, and an accompanying intra-
medullary hyperintense signal could be observed in about 10% 
of cases (9/94).

Figure 2 Flow chart of the selection of studies included in this systematic review.
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Concurrent Characteristics of COLF and 
COPLL
The cohort of 20 cases with the coexistence of OLF and 
OPLL was analyzed as a separate group with the preva-
lence of 21.28%. The mean ± SD of patients’ age was 
59.35±11.01 years, and the male-to-female ratio was 4:1. 
The mean age of female (45.50±7.92 years) was signifi-
cantly younger than in that of male (62.81±8.71 years). 
Moreover, nine (45%) patients were Japanese, five 
Kuwaitians (25%), two Indians (10%), two Chinese 
(10%), one South Korean (5%) and one African 
American (5%). In this group, OPLL was mainly located 
in C3/4, followed by C4/5 and C5/6 while OLF was 

mostly involved in C2/3 and C3/4 (Figure 7D). In addi-
tion, the number of affected segments of OPLL was sig-
nificantly greater than that of OLF. Furthermore, COLF 
tends to occur at the same or neighboring segment of the 
OPLL margin.

Clinical Characteristics
The majority (81.1%) were spontaneous COLF. Only 4 
patients had a previous history of trauma (37 cases avail-
able). Moreover, 2 cases were triggered by hypercalcemia 
and one case by skeletal fluorosis. Average symptomatol-
ogy duration was 20 months (range, 1–90 months) in 
reported 55 patients. The 7 clusters of presenting 

Figure 3 Literature characteristics. (A) Year of publication and number of reported articles/cases; (B) countries of publication and number of reported articles/cases; (C) 
regional distribution of cases.

Clinical Interventions in Aging 2021:16                                                                                             https://doi.org/10.2147/CIA.S313357                                                                                                                                                                                                                       

DovePress                                                                                                                         
901

Dovepress                                                                                                                                                           Zhang et al

https://www.dovepress.com
https://www.dovepress.com


symptoms were summarized in 56 subjects, including 
motor disturbance (76.4%, n=47), spinal ataxia (62.5%, 
n=35) and sensory disturbance (58.9%, n=33), bowel and 
bladder dysfunction (19.6%, n = 11), neck and shoulder 
discomfort (12.5%, n = 7), radiculopathy and bowel and 
bladder dysfunction (6.25%, n = 3) (Figure 8). Rare man-
ifestations were also reported such as Brown-Sequard syn-
drome (2.22%, n = 1) and cough (2.22%, n = 1). The 
treatment modalities were referred in 64 patients. Only 4 
cases received no specific treatment but a wait and watch 
strategy whereas the other (93.75%) were treated surgi-
cally via a posterior approach including laminoplasty, 
laminectomy, and laminectomy with fusion. Dural adhe-
sion was seen intraoperatively in 22 patients, among which 
only two were described as dural ossification. Only one 
patient suffered cerebrospinal fluid leakage (CSF). Follow- 
up information was available for 50 patients, with an 
average of 16.4 months (ranged 1–70 months). At the 

last follow-up, all patients presented with improvement 
in subjective symptoms or neurological function to 
a complete or partial degree postoperatively.

Histopathological Characteristics
Histopathologic examinations of surgical specimens 
were conducted in 24 cases, including Hematoxylin- 
Eosin staining and Masson staining. The majority of 
pathologic findings showed metaplastic process of endo-
chondral ossification, in which characteristics of various 
stages can be observed in adjacent areas. Generally, 
fiber area showed compact elastic bundles compatible 
with ligaments at the edge. Fibrocartilage area was 
identified as well-developed yellow ligament tissue 
combined in part with chondrocytes and cartilaginous 
change. Calcified cartilage area referred to large areas of 
calcified granules or crystalline deposits within degen-
erative fibrous tissue. Ossified area was characterized by 

Figure 4 Epidemiological characteristics of COLF. (A) Mean age distribution of cases; (B) the number of cases in different age group; (C) gender distribution of cases; (D) 
racial distribution of cases.
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Figure 5 COLF distribution on T2-weighted sagittal MRI. (A and D) Single-segment distribution; (B and E) two-segment distribution; (C and F) multiple-segment 
distribution.

Figure 6 COLF location on Axial CT views. (A and E) Central site of the lamina; (B and F) left side of the lamina; (C and G) right side of the lamina; (D and H) bilateral 
side of the lamina.
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lamellar bone, mature bony trabeculae and bone marrow 
formation within the bony tissue. In addition, nodules of 
giant cells and granulomatous reaction were observed 
occasionally.

Discussion

To the best of our knowledge, this is the first systematic 
review based on synthesis of published individual patient 
data for comprehensive reappraisal of COLF, including its 
epidemiological data, imaging findings, clinical features, 
and histopathological characteristics. In this study, a total 
of 94 cases diagnosed with COLF could be identified from 
the inception to 2020 all over the world, meaning that the 
clinical entity was as rare as previously reported. 
However, we considered the real number of cases might 
be grossly underestimated by the current data. It’s worth 
noting that, when stratified by the 10-year interval, the 
number of published articles and cases has obviously 
risen from 1960–1969 interval to 2010–2020 interval. 
This might be explained by the following reasons: an 
actual increase in prevalence of COLF; an growing 

awareness/enthusiasm for research on COLF; an overall 
expansion in relevant medical publications. However, no 
sufficient evidence is available to confirm these specula-
tions. We hypothesized that an increase in the number of 
symptomatic COLF patients might be a real fact not attri-
butable to literature publication bias or research interests 
alone, considering the global increase in population with 
obesity, diabetes, metabolic syndrome, and prolonged life 
expectancy, which were all positively associated with the 
occurrence and progression of COLF.19 In addition, we 
found East Asian countries, especially Japan, produced far 
more articles about COLF than other countries, which 
might reflect a geographically isolated distribution of 
COLF, just like OPLL or TOLF with a distinct predisposi-
tion in Japanese.20

Epidemiological and etiology characteristics of COLF 
remain obscure. Although the current literature does not 
clearly identify the true prevalence of COLF within the 
population at large, notable studies involving Japanese and 
Chinese patients reported the prevalence of 0.3%-0.9%.9,11 

In addition, the phenomenon that OLF is less prevalent in 
cervical region than thoracic region may derive from 

Figure 7 Radiological characteristics of COLF. (A) The proportion of single-segment distribution, two-segment distribution and multiple-segment distribution; (B) the 
proportion of central site of the lamina, left side of the lamina, right side of the lamina and bilateral side of the lamina; (C) segmental distribution of COLF; (D) segmental 
distribution of concomitant COLF and COPLL.
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different regional anatomies and mechanical stresses. On 
the one hand, an absent or lessened capsular portion of the 
ligamentum flavum in the cervical spine results in the fact 
that it does not adhere to the bony tissue directly. On the 
other hand, the mobility of cervical segments is greater 
than that of thoracic segments, in which the tensile forces 
are always static, thus appropriate stress stimulation may 
induce the process of local ossification.21 Moreover, we 
found more than half of cases were East Asian population, 
and the remaining distributed sporadically in other ances-
tral backgrounds, which might potentially be related to 
genetic factors. However, a recent bioarchaeology study 
showed that the prevalence of TOLF and LOLF was 
83.2% (273/328) and 28.6% (88/308) in a mid-nineteenth- 
century European population sample, but no cases were 
observed in any cervical vertebrae.22 They thought that 
OLF was likely to be an understudied rather than rare 
condition in European populations, and these findings 
should be validated in a clinical scenario. When grouped 
by age, we found nearly 70% of cases were old than 55 
years old, and the male-female ratio of COLF patients was 

1.4:1, which implied that COLF might be associated with 
aging degeneration and slight male preponderance.

Representative COLF can be visualized by CT and 
MRI while radiography lacks the diagnostic sensitivity 
for OLF and myelography is usually not required in the 
present era.23 In this study, we found COLF was mostly 
presented in one-level involvement, which was not con-
sistent with TOLF. Lang et al found 70.7% of 703 Chinese 
patients with TOLF were multi-segmented.24 Another epi-
demiology study by Mori et al revealed the proportion of 
single-level and multi-level involvement was nearly 
equivalent in 1094 TOLF cases.25 In addition, ossification 
lesions were most frequent in the lower cervical and cer-
vicothoracic spine, and predominately affected the C4/5 
and C5/6, which reflected degenerative factors might be 
related to the progression of COLF as other degenerative 
cervical diseases.26,27 Moreover, noncentral type was more 
common than central type. Histologically, the ligamentum 
flavum extends laterally from the midline of vertebral 
laminae to the intervertebral foramen, which can explain 
the high-frequency of noncentral type.28 However, it was 

Figure 8 The category and frequency of presenting symptoms of COLF patients included.
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still filled with confusion how the central type arises at the 
center of laminae where the ligamentum flavum becomes 
the thinnest and grows restrictedly towards the spinal 
canal. From my point of view, the alteration of local stress 
might be a vital causal factor.

The common symptoms of COLF patients were highly 
consistent with those typical manifestations of cervical 
myelopathy, including motor disturbance, spinal ataxia 
and sensory disturbance. Generally, the majority of the 
patients presented with more than one symptoms. Like 
other pathology causing cervical myelopathy, COLF 
patients usually present first with sensory deficits, fol-
lowed by limb weakness, and later gait disturbance.29 

Considering that unilateral type accounted for nearly 
30%, radiculopathy caused by COLF, although rarely, 
should not be ignored in clinical practice. Interestingly, 
we found three cases with idiopathic hypercalcemia or 
skeletal fluorosis presenting continuous long-segment ossi-
fication, which revealed hypercalcemia and skeletal fluoro-
sis might contribute to the development of diffuse 
ossification.30–32 Moreover, previous studies found dia-
betes mellitus, hyperinsulinism, obesity, hemochromatosis, 
X-linked hypophosphatemia, and hypoparathyroidism 
were associated with the spinal ligament ossification,33–36 

so clinicians should pay more attention to these metabo-
lism-related factors.

Various immunohistochemical examinations were used 
to shed light on the histopathological features and mole-
cular mechanism of COLF postoperatively. Clinically, cal-
cification of the ligamentum flavum (CLF) is another 
entity in the cervical spine, easily confused with OLF. 
Histologically, CLF is characterized by crystals of calcium 
pyrophosphate dihydrate or calcium hydroxyapatite rather 
than mature bone formation in the ligamentum flavum, 
which is distinguished with OLF.5,37 Anatomically, CLF 
is not contiguous with or only partially in contact with the 
laminae.38 Epidemiologically, CLF has a female- 
predisposition and predominantly lies in the cervical 
spine, whereas OLF often happens in males and mainly 
occurs in the thoracic regions.39 These distinctions indi-
cated that the formation of OLF and CLF has different 
etiology and pathogenesis.

The coexistence of COLF and COPLL is so extremely 
rare that no study has reported its population-based inci-
dence or prevalence. Kawaguchi et al investigated whole- 
spine CT of 117 COPLL patients, and found 64.6% of all 
patients had OLF at any levels of the whole spine except 
for cervical regions.40 Moreover, several unique 

characteristics were observed in reported cases. First, 
patients with the coexistence of OLF and OPLL showed 
a more distinct male-domination; Second, male patients 
were associated with more advanced age than female 
patients. Third, the affected locations of COPLL mainly 
ranged from the C3-4 to C5-6, and COLF tended to occur 
at the OPLL margin or the segment close to the end of the 
OPLL. Finally, COPLL affected more segments than 
COLF. Posterior longitudinal ligaments spread across mul-
tiple intervertebral levels but ligamentum flavum spans 
a single intervertebral level.26 Unfortunately, further sta-
tistical analysis failed to be conducted to reveal the corre-
lation among separate variables due to limited data. 
Anyway, these findings will provide certain references 
for future researches.

This study has some limitations. First, the retrospective 
selection of case reports prevented us from investigating the 
prevalence of COLF. Second, data derived from case reports 
or case series were usually conducted within specialized 
center, which inevitably contribute to reporting bias and 
selection bias. Third, individual case series might not pro-
vide the presentation of collective characteristics of the 
disease with variable impact on the results. Fourthly, the 
publication time range of the included papers is longer 
than 60 years. Finally, several analyses were performed by 
necessity only in subgroups of patients, because of missing 
data for the specific variables in the respective publications. 
Therefore, these findings should be interpreted with caution.

Conclusion
This study comprehensively reappraised the state of the art 
on COLF for the first time, and preliminarily analyzed its 
epidemiological, radiological, clinical and histopathologi-
cal characteristics based on the synthesis of individual 
patient data, which provided momentous referential data 
for understanding and cognition of this rare condition. 
Taken together, COLF may be an increasing and under-
appreciated cause of myeloradiculopathy in aging popula-
tion. However, current evidence failed to fully lift the veil 
of COLF, and future large clinical registration and multi-
center collaborations offering better quality data might 
provide additional information about this entity.
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OLF, ossification of ligamentum flavum; COLF, cervical 
ossification of ligamentum flavum; CT, computed tomogra-
phy; MRI, magnetic resonance imaging; OPLL, ossification 
of posterior longitudinal ligament; TOLF, thoracic 
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