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Introduction 

 Thoracic myelopathy due to ossification of the posterior longitudinal ligament 
(OPLL) generally requires surgical intervention because of its progressive nature and its 
poor response to conservative therapy. However, surgical outcomes reported to date 
have not been satisfactory.1-3 There have been reported cases of neurologic deterioration 
after operation for thoracic OPLL, all of which exhibited a sharply protruded segmental 
form of ossification.4-6 In response, for beak and flat type OPLL accompanied by 
ossification of the ligamentum flavum and facet destruction, we have been performing 
indirect spinal cord decompression with primary, wide laminoplastic decompression 
and dekyphosis with instrumentation via a posterior approach.7 Although the 
morphological changes that occur to cervical OPLL following laminoplasty have been 
reported,8-11 there are no reports on thoracic OPLL changes following posterior fusion. 
Using multi-slice computed tomography (CT) with 1-mm thick slices, we can detect 
lesions and precisely evaluate the morphology of OPLL. The objective of this study was 
to investigate, using multi-slice CT, how the ossification area changes with time after 
thoracic posterior fusion surgery.   

Materials and methods 

 The subjects were 19 patients (7 men and 12 women) with an average age at 
surgery of 52 years (38-66 years) who underwent indirect posterior decompression with 
corrective fusion and instrumentation at our institute from 2002 to 2012. This study was 
approved by the institutional review board of the School of Medicine, University of 
Nagoya, and informed consent was obtained from each patient before enrollment. We 
followed the patients for a minimum of 1 year and an average of 3 years 10 months 
(12-120 months). 

We gathered computed tomography (CT) images of the cervical and thoracic 
spine using multi-slice CT on all patients. Using sagittal CT images, we classified the 
ossification types as beak or flat according to the criteria proposed by Matsuyama et al.4 
To calculate the kyphotic angle, we measured the sagittal Cobb angle between the upper 
endplate of the uppermost vertebra and the lower endplate of the lowest vertebra at the 
instrumented fusion levels. If there were multiple types of OPLL such as mixed and 
continuous, the location of the most severe ossification was evaluated. On the 
reconstructed CT sagittal images (Multi-slice CT Aquilion, TOSHIBA, Japan), the 
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thickness of the OPLL was measured from the posterior vertebral point to the apex of 
the ossification. We also noted the presence of hyperintense areas (HIAs) on 
T2-weighted sagittal MR images (T2W, TR, 3,000-5,000 ms; TE, 96-150 ms).  

We investigated fusion range, pre- and postoperative Cobb angles of thoracic 
fusion levels, intra- and postoperative blood loss, operative time, HIAs on preoperative 
MRI of the thoracic spine and the thickness of the OPLL on the reconstructed sagittal 
CT images taken before the operation and at 3 months, 6 months and 1 year. The basic 
fusion area was three vertebrae above and below the OPLL lesion. 

   

Results 

 The most severe ossification level was located at the upper (T1/2-4/5) region in 
8 patients, middle (T5/6-8/9) region in10 and lower region in 1 patient. There were beak 
type lesions in 17 patients and flat type in 2, as determined by sagittal CT images. The 
fusion areas were C7-T9 in 1 patient, C7-T12 in 2, T1–T4 in 1, T1–T6 in 1, T1–T10 in 
1, T1–T12 in 3, T1–L1 in 1, T2–T10 in 3, T2–T11 in 1, T3–T8 in 1, T3-T12 in 1, T4-T9 
in 1, T4-T10 in 1 and T4–T12 in 1. Cervical laminoplasty was performed in 14 cases 
simultaneously. The preoperative kyphotic angles at the instrumented fusion levels 
averaged 33° (13–63°) and corrected to 27° (7–51°) after surgery. The mean 
operative time was 7 h and 48 min (4 h 39 min–10 h 28 min), and the blood loss was 
1631 ml (160–11,731 ml). We saw intramedullary signal intensity change on MR 
images at the most severe ossification area in 18 patients. Interestingly, the morphology 
of the OPLLs as seen on sagittal CT images was discontinuous across the disc space 
between the rostral and caudal ossification regions in all patients. Postoperatively, the 
discontinuous segments connected and became continuous across the disc space in all 
patients without progression of OPLL thickness (Table 2). The mean time for the 
segments to connect after surgery was 5.1 months (3-12 months) (Table 1). 
 
Illustrative Case 
Case 1.  This 40-year-old man with beak-type OPLL at the T5/6 region had 
progressive myelopathy. MR images revealed intramedullary signal intensity change at 
the same location as the OPLL (Figure 1A), and sagittal CT images showed 
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discontinuity between the rostral and caudal ossification regions (Figure 1B). The 
patient underwent T3-8 indirect posterior decompression with corrective fusion and 
instrumentation (Figure 1C). The discontinuous OPLL segments connected and 
appeared continuous across the disc space at 6 months after the operation without 
further thickening of the OPLL (7.9 mm pre- and postoperatively) (Figure 1D). 

 
Case 2.  This 57-year-old woman had discontinuous, beak-type OPLL at T5/6-6/7 
(Figure 2A). The patient underwent T4-12 indirect, posterior decompression with 
corrective fusion and instrumentation (Figure 2B). The discontinuous OPLL segments 
connected at the T6/7 region by 6 months (Figure 2C) and at the T5/6 region by 1 year 
after the operation without thickening of the OPLL (9.1 mm pre- and postoperatively) 
(Figure 2D). 

 

Discussion 

 Symptomatic ossification of the posterior longitudinal ligament more often 
occurs in the cervical vertebrae than the thoracic vertebrae. There have been many 
reports about pre- and post-operative progression of cervical OPLL. Hori et al. reported 
progression of OPLL ossification 6 months after laminoplasty and with further 
expansion 10 years after laminoplasty, especially in young patients.8 Takatsu et al. 
attributed OPLL progression after laminectomy to increased mechanical stress.12 
Furthermore, Matsunaga et al. reported that 55 of 323 myelopathy-free patients with 
OPLL became myelopathic in long-term follow-up. Matsunaga et al. noted risk factors 
for myelopathy were spinal stenosis due to OPLL of greater than 60% and the great 
range of motion of the cervical spine.13 Therefore, pre- and post-operative progression 
of OPLL is considered to be the procedure which has the least stimulative influence 
upon the posterior longitudinal ligaments. Micromotion may lead to OPLL progression 
even within the essentially immobile thoracic spine segments, as well as within the 
cervical spine. Unfortunately, it is very difficult to calculate the angle of micromotion in 
the thoracic spine segments, and there have been no reports on this biomechanical data.  

OPLL is characterized by replacement of ligamentous tissue with ectopic bone 
formation.14 Since 18 of 19 patients in this study had OPLLs at kyphotic upper and 
middle levels, we speculate that progression of thoracic OPLL depends on tensile 
microstress at kyphotic segments. Furthermore, this micromotion secondary to 
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segmental discontinuity of the OPLL might cause vulnerable spinal cord deterioration. 
In this study, we used multi-slice CT to evaluate the morphology of thoracic OPLL 
because detecting these ossified thoracic lesions with lateral radiography is often 
difficult. Actually, Fujimori et al. found a marked difference in intervertebral ROM15 in 
continuous- type cervical ossifications, and this type of ossification was easily 
distinguishable on the basis of reconstructed sagittal CT scans. We also detected the 
discontinuity between rostral and caudal OPLL lesions using CT in all patients who 
needed surgery. ‘Discontinuity’ of OPLL lesions is a novel concept used for the first 
time with thoracic OPLL in our studies.  

We have been performing wide laminoplasty and correction of kyphosis using 
instruments via the posterior approach, regardless of the ossification morphology, to 
indirectly decompress the spinal cord and prevent an increase of thoracic kyphosis from 
causing vulnerable spinal cord injury.4, 7 The OPLL morphology, as seen on sagittal CT 
images, was discontinuous across the disc space between the rostral and caudal 
ossification regions. Postoperatively, this discontinuity disappeared with connection of 
the OPLL segments in all patients without further thickening of the OPLL. It is 
generally accepted that flexible fixation of diaphyseal fractures results in a larger 
amount of callus than does rigid fixation.16-18 The basic fusion area in our study was 
three vertebrae above and below the OPLL lesion, and we inserted segmental screws as 
much as possible, which is considered a rigid fixation. The increased stability achieved 
with instrumentation may allow the discontinuous rostral and caudal ossifications to 
connect without a growth in thickness of the OPLL.  

In conclusion, CT showed discontinuity between rostral and caudal ossified 
lesions in all patients who needed surgery. ‘Discontinuity’ is a novel concept used for 
the first time with thoracic OPLL in our studies. We consider this discontinuity of 
ossification to be the main lesion responsible for myelopathy in this study’s patients 
because there were high intensity areas on MRI in 18 of 19 patients at the same level of 
discontinuity. Rigid fixation with instrumentation may have allowed the rostral and 
caudal segments to connect without further thickening of the OPLL. We believe that 
further clinical investigation is needed to establish this novel concept. 
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