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Introduction 

Thoracic ossification of the ligamentum flavum (T-OLF) is relatively rare spinal 
disorder that generally requires surgical intervention due to its progressive nature and its 
poor response to conservative therapy. The prevalence of OLF has been reported at 
3.8% to 26% 1-3, which is very similar to the prevalence of cervical ossification of the 
posterior longitudinal ligament (OPLL) 4. However, predictive factors for OLF are 
unclear because of the paucity of reports on this condition unlike cervical OPLL 1,5-15 . 
Since obtaining detailed data and analysis from a single center study on this topic has 
been insufficient and difficult, we investigated clinical features, radiologic findings, and 
surgical outcomes of OLF in a multicenter study. We reported surgical results of 63 
patients who underwent single level surgery for thoracic OLF-induced myelopathy in a 
multiinstitutional retrospective survey16. That study classified any ossified anterior 
longitudinal ligament (OALL) that was adjacent to or at the same vertebral level as a 
patient’s OLF using sagittal CT images and identified patients with OALL 
discontinuous type which exists either immediately rostral or caudal to the OLF but not 
at the OLF intervertebral level. Discontinuous had more preoperative severe symptoms 
and poorer surgical outcomes. Therefore, we conducted a study on an expanded number 
of patients, including those with multilevel or single level T-OLF who had undergone 
surgery, and analyzed their pre- and postoperative symptoms, radiological findings and 
intraoperative findings. The aim of this multicenter study is to determine factors related 
to the surgical outcomes including any types of OALL that may have been present in the 
OLF patients by the multivariate logistic regression analysis. This study had the largest 
sample size which described the surgical outcomes of thoracic OLF. 

Methods 

Patient population 

Between 2000 and 2008, 19364 patients who underwent spinal surgery were registered 
in the database of the research group, a study group for spinal diseases. We excluded 
patients who underwent surgery for cervical and thoracic ossified posterior longitudinal 
ligament (OPLL) or cervical spondylosis myelopathy (CSM) before their OLF surgery 
or during follow-up. We identified 107 patients who underwent surgery for thoracic 
OLF-induced myelopathy and who were then observed for a minimum of 2 years 
postoperatively. Preoperative symptoms, severity of symptoms and myelopathy, disease 
duration, MR imaging and CT findings, surgical procedure, intraoperative findings, 



complications, and postoperative recovery were investigated in these patients. 
Ninety-six patients were ultimately included in the study because 11 patients were 
excluded from analysis due to a lack of detailed follow-up data. There were 77 men and 
19 women with a mean age at surgery of 63.4 ± 10.3 years (range 36-83 years). The 
mean disease duration from onset to surgery was 16.6 ± 22.1 months (range 0.5-120 
months) (Table 1). We evaluated the severity of a patient’s myelopathy before and after 
surgery using the Japanese Orthopaedic Association (JOA) scoring system for thoracic 
myelopathy (total of 11 points), which was derived from the JOA scoring system for 
cervical myelopathy by eliminating the motor and sensory scores for the upper 
extremities 16,17. We evaluated postoperative improvement of symptoms using the 
recovery ratio of the JOA score and the Hirabayashi method ([postoperative JOA score 
– preoperative JOA score] / [17 – preoperative JOA score] × 100%), with a recovery 
ratio of 100% indicating the best postoperative improvement. This study was approved 
by the ethics committee of each institution, and all patients were informed that the data 
from their cases would be used for the study. 

Axial CT classification of OLF 

We used Sato’s classification which evaluates CT images 18, and found the following 4 
types of OLF in our subjects: lateral, extended and enlarged, fused, and tuberous (Fig. 
1). 

Sagittal CT image classification of OALL relative to the OLF 

We classified any OALL that was adjacent to or at the same vertebral level as a patient’s 
the most severe OLF level using sagittal CT images16. We found 4 types according to 
where the OALL was located relative to the most severe OLF level (Fig. 2). No 
discernible OALL immediately rostral or caudal to the most severe OLF level (Type N); 
One sided (Type O), in which the OALL exists either immediately rostral or caudal to 
the most severe OLF level but not at the most severe OLF intervertebral level; 
Discontinuous (Type D), in which the OALL is present both rostrally and caudally to 
the most severe OLF level but not at the same level as the most severe OLF level; and 
Continuous (Type C), in which the OALL extends from the rostral to the caudal levels, 
including the most severe OLF level. Two board-certified orthopedic spine surgeons 
reviewed all images twice. These orthopedic surgeons had worked mainly as spine 
surgeries and had interpreted spine CT and MR images as their daily clinical and 
research practice. The two reviewers identified and characterized the abnormalities by 



consensus. Neither orthopedic spine surgeon had received information pertaining to age, 
sex, clinical history, symptoms and/or surgical outcomes at the time of the interpretation. 
They identified each thoracic OLF in the 96 patients and assessed its axial and sagittal 
CT classification. 

 

Statistical analysis 

 Data were analyzed using the SPSS version 19 software package. The mean values are 
presented as mean ± SD. Statistical analysis was performed by Tukey multiple 
comparison tests and one-way ANOVA. The multivariate logistic regression analysis 
were used to compute odds ratios (OR) and a 95% confidence interval (CI) to identify 
the risk factors associated with surgical outcomes. A recovery rate of JOA scale scores 
50% or higher was considered to be a good outcome as reported previously19. A p value 
< 0.05 was considered statistically significant. Intra- and inter observer reliability on 
axial CT classification of OLF and sagittal CT image classification of OALL relative to 
the OLF was assessed using weighted kappa statistics20. 

 

 

 

Results 

Radiographic findings 

MRI and CT were performed to all patients. There were only 3 patients (3.1%) 
decompressed at middle thoracic spine (T5-9), and the majority of the affected levels 
(84 patients (87.5%)) in the lower thoracic region (T9-12). The numbers of 
decompressed level were single level in 63 patients (65.6%), 2 levels in 26 (27.1%), and 
> 2 levels in 7 (7.3%). Intramedullary signal intensity change on MR images was 
observed in 81 patients (84.4%). Morphologically classifications, as determined by axial 
CT images, were lateral in 14 patients (14.6%), extended and enlarged in 31 (32.3%), 
fused in 41 (42.7%), and tuberous in 10 (10.4%). We classified the morphology of the 
OALLs as seen in sagittal CT images as Type N in 38 patients (39.6%), Type O in 32 



(33.3%), Type D in 15 (15.6%), and Type C in 11 (11.5%) (Table 2). The intraobserver 
and interobserver reliabilities were 0.939 (observer 1), 0.924 (observer 2), and 0.939 
(interobserver) for axial CT classification of OLF; 0.970, 0.985, and 0.964 for sagittal 
CT image classification. 

Surgical methods and outcomes 

The mean JOA score was 5.6 points preoperatively, and 7.8 points at 2 years 
postoperatively, yielding a mean recovery rate of 44.6%. Thus, a statistically significant 
improvement in the JOA score was obtained at 2 years follow-up examination (p<0.01, 
paired t-test) (Table 1). Laminectomy was performed in 32 patients (33.3%), 
laminoplasty in 55 (57.3%), and posterior decompression and fusion with 
instrumentation in 9 (9.4%). OLF patients in whom bilateral ossification of the 
ligamentum flavum was not fused in the middle of the spinal canal were basically 
treated with laminoplasty whereby a high-speed drill and punch were used to cut the 
laminae bilaterally located over the level of the OLF. The laminar flap was lifted up 
with a clamp and the interspinous and supraspinous ligaments in the rostral and caudal 
portions of the laminar flap were cut with a knife and punch. After removing the OLF, 
the laminar flap was repositioned over the original site with suture. Laminectomies 
were performed at a single level above and below the area of the OLF. The 
extent of facet joint resection was under half of joint for both procedures. 
Surgeries with instrumentation had facet resection of over half a joint. 
Evaluation of the surgical procedures performed with the various morphologic OLF 
types were showed that the lateral type was most frequently treated with laminoplasty, 
the extended and enlarged type and the fused type with laminectomy and laminoplasty, 
and the tuberous type with fusion. There was no tendency for a particular type of 
surgery to be performed relative to the type of OALL (Table 2). Intraoperatively, we 
found adhesions to the dura mater (ossification of the dura mater) in 43 patients (44.8%). 
Of these 43 patients with ossified dura mater, 7 (16.3%) experienced a dural 
tear during surgery, which was repaired with 5-0 silk suture, fibrin glue 
sprayed directly onto the dura mater and a gelatin sponge placed over the 
repaired site. Fortunately, there were no neurological complications 
associated with the dural tears. 

Relationship of recovery rate to various factors 

There were no statistically significant differences between the recovery rate and sex, 



diabetes mellitus, OLF level, OLF number CT axial classification, and surgical methods. 
The factors which had statistically significant were age, disease duration, CT sagittal 
classification, signal intensity on T2WI, and ossification of dura mater. Especially, the 
recovery rate of type D in CT sagittal classification was significantly lower than that in 
three other groups (Table 3). 

Factors related to the surgical outcomes 

The recovery rate was 50% or higher in 47 patients (50.0%). Preoperative factors 
related to the surgical outcomes (recovery rate of 50%) were assessed, including age, 
disease duration, CT axial classification, CT sagittal classification, signal intensity on 
T2WI, and ossification of dura mater which had statistically significant relationship of 
recovery rate. The cut-off value of 50% was used, because the recovery rate of 50% or 
higher has been considered to be good to excellent surgical outcomes in the previous 
literature21. As a result, disease duration [ odds ratio; 1 for < 6 months vs. 2.53 (95% 
confidence interval; 4.84-13.2, P = 0.001) for 6 to 12 months and 3.02 (3.99-22.9, P = 
0.001) for 12 months or higher], Type D in CT sagittal classification [ odds ratio; 1 for 
Type N vs. 0.068 (0.005-0.852, P = 0.037) for Type D], and presence of ossification of 
dura mater [ odds ratio; 1 for presence of ossification of dura mater vs. 0.104 
(0.018-0.602, P = 0.011) for absence of ossification of dura mater] were significantly 
associated with the surgical outcomes (Table 4). 

 

Discussion  

Ossification of the ligamentum flavum has been recognized as a cause of 
myeloradiculopathy since Polgar et al22. first reported in 1920. It is possible to diagnose 
thoracic OLF by MRI and CT 1,15. The incidence of thoracic OLF has been reported at 
3.8% to 25% including asymptomatic cases 1,2. However, these are limited reports 
without sufficient numbers of patients that is, at least 20 or more 1,5,6,8-15. Reported cases 
of thoracic OLF occurred most commonly in the lower thoracic spine, followed by 
upper thoracic spine 1,2,10,23. Similar to previous studies, we had 9 patients with upper 
level, 3 patients with middle level, and 84 patients with lower level lesions, The reasons 
for the high frequency of OLF at lower thoracic levels include increased mechanical 
stress where the thoracic vertebrae form the junction between the rigid rib cage and the 
elastic lumbar spine 24, a direct correlation between increased mobility of the spine and 



repetitive mild trauma 25, and high tensile force present in the posterior column 26. 
Although duration of symptoms, age, and signal intensity change of the spinal cord have 
been studied as important factors at cervical myelopathy27, there have been only a few 
reports on predictive factors for poor surgical outcome in OLF surgery, including older 
age, midthoracic OLF, more than two segments of OLF, coexisting OPLL or other 
spinal disorders, a lower preoperative JOA score, intramedullary high signal intensity on 
MR imaging 10, and a longer duration of symptoms before surgical intervention 8. There 
have been the only one report about the OALL around OLF segments16. In the present 
study, duration of symptoms, ossification of dura mater, and discontinuous type of 
OALL on sagittal CT images were significantly important factors. A long duration of 
symptoms may make the injured spinal cord due to compression irreversible same as the 
reports in cervical myelopathy. There have been reported tuberous type of OLF 
frequently adhere to the dura mater. Tuberous type tended to have poor outcome in this 
study. Moreover, the ossification of dura mater may have relationship with multiple 
factors, duration of symptoms, difficulty in surgical technique, and postoperative 
instability because laminectomy is usually chosen to treat this type of OLF8.  

 Resnick et al 28 has used the term OALL interchangeably with diffuse idiopathic 
skeletal hypertrophy (DISH), which is characterized by flowing 
calcification/ossification of ligaments, particularly along the anterolateral aspect of the 
axial skeleton across contiguous vertebral bodies with preservation of intervertebral disc 
height. Although the rate of progression of OALL may be related to increased cervical 
motion 29,30, there is still a high incidence in the thoracic spine which is a relatively 
immobile segment 31. We found a correlation between OALL present around vertebral 
levels affected by OLF in the past study16. This report suggested the correlation due to 
the mechanical stress arising from the OALL as well as the OLF16. In the current study, 
CT sagittal classification, Type D was significantly important factor as poorer outcomes 
after their OLF surgeries, although multivariate analysis including multilevel OLF was 
done because the subject was the only single level OLF to be easy to classify. This 
increased symptom severity and the poorer outcome may be due to the focusing of 
mechanical stress when the OALL is present both rostrally and caudally to the OLF 
(Type D), and the addition of micro-motion on the vulnerable spinal cord, even within 
the relatively stiff thoracic spine segments. In contrast, patients with Type C had a good 
postoperative recovery, possibly because the continuous segment of the OALL still 
present after decompression may have prevented additional micro-motion on the spinal 
cord. There was no significant difference in the surgical outcomes among the 3 methods 



in the present study. Unlike thoracic OPLL, it is possible to decompress the spinal cord 
directly by the removal of OLF from the posterior side. Therefore, it has been thought to 
be able to require good outcomes without using instrumentation unless the facet have 
been preserved during decompression. However, we speculate that it may be possible 
for patients with OALL type D to get better outcomes using instrumentation which can 
make the environment to recover the vulnerable spinal cord. Unfortunately, there was 
only one patient with OALL type D who underwent the posterior fusion in the present 
study. Further prospective studies on a greater number of patients are needed for a better 
determination of the effects of surgical procedures on surgical outcomes for OLF and to 
compare fusion and non-fusion surgery; however, we believe that OALL occurring 
around the OLF level is an important factor for predicting surgical outcome if there 
have been some myelopathic symptoms as OALL and OLF can be asymptomatic.  

Conclusions 

Ninety-six patients with thoracic OLF were evaluated in a multicenter study. Symptoms 
of thoracic OLF improved with surgery, but patients with longer duration of symptoms, 
the ossification of dura mater, and Type D OALL had poorer surgical outcomes. A 
prospective study on the predictive factors for poor surgical outcome in thoracic OLF 
surgery will be necessary in the future. 

 

 

TABLE 1: Summary of demographic data in 96 patients with T-OLF 

 

TABLE 2: Type of ossification and surgical methods 

 

TABLE 3: Relationship of recovery rate to various patient factors 

 

TABLE 4: Factors related to surgical outcomes by the multivariate logistic regression 
analysis 



 

Fig. 1: The CT axial classification of OLF, with scans obtained at the middle of the facet 
joint. A: Lateral type. The ossified ligamentum flavum is located only in the capsular 
portion of ligamentum flavum, which can be detected at the lateral edge of the spinal 
canal. B: Entended and Enlarged type. The ossified ligamentum flavum is located at the 
surface of the ligamentum flavum and protrudes into the spinal canal. C: Fused type. 
Bilateral ossified ligament flavum fuse at the middle of the ossified ligamentum flavum. 
D: Tuberous type. Fused ossified ligament flavum make a tuberous mass at the middle 
of the spinal canal. 

Fig. 2: The CT sagittal classification of OALL at the OLF level. No discernible OALL 
immediately rostral or caudal to the most severe OLF level (Type N); One sided (Type 
O), in which the OALL exists either immediately rostral or caudal to the most severe 
OLF level but not at the most severe OLF intervertebral level; Discontinuous (Type D), 
in which the OALL is present both rostrally and caudally to the most severe OLF level 
but not at the same level as the most severe OLF level; and Continuous (Type C), in 
which the OALL extends from the rostral to the caudal levels, including the most severe 
OLF level. 
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