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 Ossifi cation of the Posterior Longitudinal Ligament 
of the Cervical Spine 

 Etiology and Natural History 

Shunji  Matsunaga  ,   MD, PhD ,    and     Takashi   Sakou,      MD, PhD    

  Study Design.   Review article.  
  Objective.   To review the etiology, natural history, measurement 
tools, and image diagnosis of ossifi cation of the posterior longitudinal 
ligament (OPLL) of the cervical spine.  
  Summary of Background Data.   OPLL is a well-known disease 
that causes myelopathy. Genetic factors are very important for 
development of OPLL. However, the pathogenetic gene and natural 
history of OPLL have not been clarifi ed.  
  Methods.   The authors reviewed studies about the etiology, natural 
history, measurement tools, and diagnosis of OPLL, which had been 
performed by the members of the Investigation Committee on the 
Ossifi cation of the Spinal Ligaments of the Japanese Ministry of 
Health, Labour, and Welfare.  
  Results.   The prevalence of OPLL in the general Japanese population 
was reported to be 1.9% to 4.3% among people older than 30 years. 
Genetic factors are important for development of OPLL, and some 
candidate genes have been reported. Clinical course of OPLL has 
been clarifi ed by a prospective long-term follow-up study. Some 
radiographic predictors for development of myelopathy were 
introduced. Image diagnosis of OPLL is easy by plain radiographs, 
but magnetic resonance imaging and computed tomography are 
useful to determine cord compression by OPLL.  
  Conclusion.   OPLL should be managed on the basis of the 
consideration of its natural history. Elucidation of pathogenetic genes 
of OPLL will introduce a new approach for management of OPLL.  
Key words:  ossifi cation of the posterior longitudinal ligament 
(OPLL)  ,       pathogenetic gene  ,   prevalence of OPLL  ,   natural course of 
OPLL  .    Spine   2012 ;37  :E309  – E314  

  O ssifi cation of the posterior longitudinal ligament 
(OPLL) is a hyperostotic condition of the spine asso-
ciated with severe neurologic defi cit.  1   ,   2   This disease 

was fi rst reported about 160 years ago.  3   OPLL was previously 
considered specifi c to Asian people and did not attract atten-
tion in Europe or the United States. However, OPLL has come 
to be recognized as a subtype of diffuse idiopathic skeletal 
hyperostosis,  4   ,   5   which is well known in Europe and the United 
States. We summarize the prevalence of OPLL and clinical 
fi ndings regarding this unique entity. 

  ETIOLOGY 

  Prevalence 
 OPLL was found to occur in 1.5% to 2.4% of adult out-
patients with cervical disorders at several university hospitals 
in Japan ( Table 1 ).  6   In the same survey of foreign countries, 
the prevalence of OPLL was 0.4% to 3.0% in Asian coun-
tries ( Table 2 ). The incidence of OPLL in the general Japanese 
population was reported to be 1.9% to 4.3% among people 
older than 30 years ( Table 3 ). In 1992, Epstein  30   proposed 
a new concept about OPLL. Epstein  30   examined computed 
tomographic (CT) scans of the cervical spine in whites and 
noted hypertrophy of the posterior longitudinal ligament 
with punctuate calcifi cation. This fi nding was described as 
OPLL in evolution.  31   Epstein  31   noted that the prevalence of 
OPLL among whites with cervical myelopathy has recently 
increased from 2% to 25%.     

  Genetic Study 
 A genetic survey of OPLL patients has revealed a higher 
rate of occurrence among families. A nationwide survey in 
Japan of 347 families of patients with OPLL revealed that 
OPLL was radiographically detected in 24% of the second-
degree or closer blood relatives and in 30% of OPLL patients’ 
siblings.  32   A nationwide study in Japan by the committee, 
including 10 sets of twins (8 monozygotic twin pairs and 2 
dizygotic twin pairs) who exhibited OPLL, was performed. 
Six of the 8 monozygotic twin pairs had OPLL. This sug-
gested or implicated a genetic factor contributing to the fre-
quency of this disease among the twins. A human leukocyte 
antigen (HLA) haplotype analysis provides a useful means for 
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studying genetic backgrounds of diseases and was performed 
in patients with OPLL. HLA is the name of the major histo-
compatibility complex in humans. The super locus contains 
a large number of genes related to immune system function 
in humans. An HLA haplotype is a series of HLA “genes” 
(loci-alleles) by chromosome, 1 passed from the mother and 1 
from the father. HLA haplotypes can be used to trace migra-
tions in the human population. Specifi c HLA haplotype of 
OPLL could not be found in this study, but a very interesting 
fi nding was that if a sibling had both the same haplotypes as 
the proband, the prevalence of OPLL was much higher than 
if the sibling had only 1 of the same haplotypes as the pro-
band. If neither of the haplotypes was seen in the proband, 

the occurrence was almost nil ( Table 4 ).  33   ,   34   Some candidate 
genes (collagen  α 2 [XI],  35   ,   36   collagen 6A1  37   human nucleotide 
pyrophosphatase [ NPPS ] gene  38   ,   39  ) for OPLL were reported. 
Collagen  α 2 (XI) is a human gene that is 1 of the several genes 
that provide instructions for the production of type XI colla-
gen. The collagen  α 2 (XI) gene produces 1 component of this 
type of collagen, called the pro- α 2(XI) chain. Type XI colla-
gen adds structure and strength to the tissues that support the 
connective tissue. Collagen VI is a major structural compo-
nent of microfi brils. Collagen  α -1 (VI) chain is a protein that, 
in humans, is encoded by the  COL6A1  gene. The collagen 
is a superfamily of proteins that play a role in maintaining 
the integrity of various tissues. NPPS, a membrane-bound 

 TABLE 1.    OPLL in Outpatient Clinic for Cervical Disorders in Japan  

Location of 
Survey Subjects (n)

Age of Subjects 
(yr) OPLL (n)

Incidence of 
OPLL (%)

Okamoto 1967  7  Okayama 1000 ND 21 2.1

Yanagi  et al  1977  8  Nagoya 1300 �20 31 2.4

Onji  et al  (1967)  9  Osaka 1800 ND 31 1.7

Shinoda  et al  1971  10  Sapporo 3747 �10 55 1.5

Harata 1976  11  Hirosaki 2275 ND 33 1.5

Sakou  et al  1978  12  Okinawa 1969 �30 30 1.5

Kurihara  et al  1978  13  Kobe 9349 �15 183 2.0

Izawa 1980  14  Tokyo 6944 �20 143 2.1

  ND indicates not determined; OPLL, ossifi cation of the posterior longitudinal ligament. 

 Reprinted with permission from Yonenobu et al.  OPLL . Tokyo, Japan: Springer–Verlag; 1997:13.  

 TABLE 2.    OPLL in Outpatient Clinic in the World  

Reporter Country Subjects (n)
Age of 

Subjects (yr) OPLL (n)
Incidence of 
OPLL (%)

Asia

Yamauchi 1978  15  Korea 529 �20 5 1.0

Kurokawa 1978  16  Taiwan 395 �40 12 3.0

Hong Kong 498 �40 2 0.4

Yamaura  et al  1978  17  Philippine 332 ND 5 1.5

Tezuka 1980  18  Taiwan 661 �20 14 2.1

Lee  et al  1991  19  Singapore 5167 �30 43 0.8

Europe 
& United 
States

Yamauchi  et al  1979  20  West Germany 1060 �27 1 0.1

Terayama and 
Ohtsuka 1984  21  

Italy 1258 �35 22 1.7

Izawa 1980  14  Minnesota 840 �30 1 0.1

Hawaii 490 �20 3 0.6

Firooznia  et al  1982  22  New York 1000 �20 7 0.7

Ijiri  et al  1996  23  Utah 599 �30 8 1.3

  ND indicates not determined; OPLL, ossifi cation of the posterior longitudinal ligament. 

 Reprinted with permission from Yonenobu et al.  OPLL.  Tokyo, Japan: Springer–Verlag; 1997:13.  
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glycoprotein, is thought to produce inorganic pyrophosphate, 
a major inhibitor of calcifi cation and mineralization. Some 
researchers reported the association of the human NPPS with 
OPLL. Now, nationwide DNA analysis of candidate gene for 
the sibpair of OPLL is proceeding by the Investigation Com-
mittee on Ossifi cation of the Spinal Ligaments of Japanese 
Ministry of Public Health, Labour, and Welfare.    

  NATURAL HISTORY 
 The Investigation Committee on Ossifi cation of the Spinal 
Ligaments of the Japanese Ministry of Public Health, Labour, 
and Welfare performed the fi rst national survey of OPLL 
in 1975, and 2142 OPLL patients were registered. On the 
basis of the results of this survey, the average age of onset 
was 51.2 years in men and 48.9 years in women. Ninety-
fi ve percent of patients had some clinical symptoms, but 5% 
of patients were free of symptoms. As many as 16.8% of 
patients needed assistance in activities of daily living, 5.4% 
of patients showed a rapid aggravation of symptoms, and 
11.4% of patients showed a chronic aggravation. A total of 
23% of patients had a history of trauma to the cervical region. 
Trauma in the cervical spine may have precipitated the onset 
of symptoms, which, in some cases, included quadriparesis. 

However, the prevalence of trauma that caused symptoms 
was only 15% in the retrospective study. In the prospective 
investigation for 368 OPLL patients without myelopathy at 
the time of initial consultation, only 6 patients (2%) subse-
quently developed trauma-induced myelopathy.  40   A total 
of 112 OPLL patients treated conservatively were observed 
for 1 to 16.9 years. Progression of ossifi cation in length was 
demonstrated in 24% of patients and, in thickness, in 13% 
of patients in the group. Progression of ossifi cation did not 
always lead to exacerbation of symptoms.  41   

 In our personal study, a total of 450 patients, averag-
ing 74.6 years of age at last evaluation, were prospectively 
observed for an average of 17.6 years (10–30 years) to discern 
the natural history of disease progression.  42   ,   43   Myelopathy 
was originally recognized in 127 patients, 91 of whom were 
managed surgically. The remaining 36 patients with myelopa-
thy were treated nonoperatively, and an increase in myelopa-
thy was observed in 23 (65%) of these individuals. For the 
323 patients without original myelopathy, 64 (20%) became 
myelopathic during the follow-up interval. The Kaplan-Meier 
estimate of myelopathy-free survival among patients without 
myelopathy at the fi rst visit was 71% at 30-year follow-up 
( Figure 1 ). Forty-fi ve patients with more than 60% of the 
spinal canal compromised by OPLL were all myelopathic. 
The range of motion of the cervical spine was calculated by 
dynamic radiography. The range of motion was signifi cantly 
larger in patients with myelopathy and with less than 60% 
of the canal compromised with OPLL. Although myelopathy 
was recognized in all patients with more than 60% of the spi-
nal canal compromised by OPLL, small OPLL at fi rst exami-
nation rarely developed to large OPLL with more than 60% 
stenosis during the follow-up. Therefore, one cannot simply 
say that myelopathy develops with OPLL. Dynamic factors 
(range of motion) appear to be very important for the evo-
lution of myelopathy in patients with less than 60% of the 
canal compromised with OPLL. The study for risk factors for 
development of myelopathy in patients with OPLL is impor-
tant. A multicenter cohort study for radiographic predictors 
for development of myelopathy in patients with OPLL by the 

 TABLE 3.    Prevalence of OPLL in General Population in Japan  

Reporter
Location of 

Survey Subjects (M, F)
Age of Subjects 

(yr) OPLL (n)
Incidence of 
OPLL (%)

Ikata and Tezuka 1979  24  Tokushima 696 (330, 366) >20 21 3.0

Ohtani  et al  1980  25  Yaeyama 1046 (578,468) >20 21 2.0

Yamauchi  et al  1982  26  Kamogawa 787 (408, 379) >40 20 2.5

Kofu 383 (169, 214) >40 13 3.4

Sakou and Morimoto 1982  27  Kagoshima 585 (195, 390) >30 11 1.9

Ohtsuka  et al  1984  28  Yachiho 1058 (440, 618) >50 34 3.2

Ikata  et al  1985  29  Tokushima 415 (122, 293) >30 18 4.3

  OPLL indicates ossifi cation of the posterior longitudinal ligament. 

 Reprinted with permission from Yonenobu et al.  OPLL . Tokyo, Japan: Springer–Verlag; 1997:14.  

 TABLE 4.    Relationship Between the Share 
of Identical HLA Haplotypes and 
Existence of OPLL in 61 Siblings  

Two Strands 
Identical 
(n  =  19)

One Strand 
Identical 
(n  =  21)

Not Identical 
(n  =  21)

OPLL 10 (53%) 5 (24%) 1 (5%)

  The percentage represents the rate of existence of OPLL on radiography and 
computed tomography in each group. The rate of existence of OPLL in the 
group with 2 identical strands is signifi cantly higher than other 2 groups. 
 P  < 0.05. 
 OPLL indicates ossifi cation of the posterior longitudinal ligament; HLA, hu-
man leukocyte antigen. 
 Reprinted with permission from Matsunaga  et al.  Spine 1999;24:937–8.  
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Investigation Committee on Ossifi cation of the Spinal Liga-
ments of the Japanese Ministry of Public Health, Labour, and 
Welfare was performed.  44   This study showed that more than 
60% spinal canal stenosis by OPLL and lateral deviated–type 
OPLL on CT ( Figure 2 ) were radiographic risk factors for 
development of myelopathy in patients with OPLL.      

  MEASUREMENT TOOL AND IMAGING 
DIAGNOSIS 

  Plain Radiographs 
 OPLL was mostly found at the C4, C5, and C6 levels. The 
level with the maximal thickness of OPLL was often C5. 
OPLL in the cervical spine may be radiographically classifi ed 
into 4 types, based on the fi ndings on a lateral radiograph: 
continuous, mixed, segmental, and other ( Figure 3 ). In the 
nationwide survey in Japan, the segmental type was recog-
nized in 39%, continuous in 27%, mixed in 26%, and other 
in 7%. The sagittal diameter of the spinal canal is measured 
as the distance from the posterior aspect of the vertebral body 

 Figure 1.    Myelopathy-free rate calculated by Kaplan-Meier method 
in patients with ossifi cation of the posterior longitudinal ligament. 
Reprinted with permission from Yonenobu et al.  OPLL . 2nd ed. Tokyo, 
Japan: Springer–Verlag; 2006:14.  

 Figure 2.    Ossifi cation of the posterior longitudinal ligament pattern 
on computed tomographic examination.  (A) , Central type;  (B) , lateral 
deviated type. Reprinted with permission from Matsunaga et al.  Spine  
2008;24:2648–50.  

to the anterior edge of the base of the spinous process on the 
lateral view. This distance is regarded as the anteroposterior 
diameter of the cervical canal. The percentage of the thick-
ness of the ossifi cation to the anteroposterior diameter of the 
spinal canal is then regarded as the spinal canal stenosis rate. 
The maximum spinal canal stenosis rate, as determined at the 
thickest point of the ossifi ed area, was 38% on average in 
cases with myelopathy and 27% in cases without myelopathy. 
The thickness of ossifi cation was not always associated with 
the degree of neurologic dysfunction, that is, paralysis. Even 
if ossifi cation is severe within the canal, neurologic symptoms 
are sometimes mild.   

  Computed Tomography 
 CT provides an excellent axial view of the spinal canal, yield-
ing valuable information concerning the ossifi ed area and its 
median or paramedian location. Three-dimensional CT stud-
ies provide excellent documentation of the 3-dimensional 
morphology of OPLL involving the cervical spinal canal.  45    

  Magnetic Resonance Imaging 
 OPLL is usually visible as a signal-free or low-signal area on 
magnetic resonance imaging studies. However, hypointense, 
isointense, and hyperintense areas may also be noted in por-
tions of ossifi ed tissue, representing small medullary cavities 
actively involved in bone marrow production. Hypertrophy 
of the posterior longitudinal ligament has been evaluated 
using magnetic resonance imaging. A dilated signal-free area 
in the posterior aspect of the vertebral bodies is visible in some 
without OPLL. A high-intensity area in the spinal cord on the 
T2-weighted images, observed in 25% to 45% patients with 
OPLL, likely corresponds to irreversible intrinsic changes 
within the cord, that is, myelomalacia.   

  CONCLUSION 
 OPLL is still a mysterious disease. However, recent clinical 
and genetic studies have been clarifying natural history and 

  Figure 3.    Classifi cation of ossifi cation of the posterior longitudinal liga-
ment by the members of the Investigation Committee on the Ossifi ca-
tion of the Spinal Ligaments of the Japanese Ministry of Health, Labour, 
and Welfare.  (A) , Continuous type;  (B) , segmental type;  (C) , mixed 
type;  (D) , unclassifi ed type. Reprinted with permission from Yonenobu 
et al.  OPLL . Tokyo, Japan: Springer–Verlag; 1997:12.  
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  ➢  Key Points 

            The prevalence of OPLL of the cervical spine in the 
general Japanese population is 1.9% to 4.3%.  

          Pathogenetic candidate genes of development of 
OPLL have been reported, and the pathogenetic 
genes will be clarifi ed in the future.  

          Natural history of OPLL has been shown by prospec-
tive study of the Investigation Committee on the 
Ossifi cation of the Spinal Ligaments of the Japanese 
Ministry of Health, Labour, and Welfare.    
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