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Abstract  Background: This paper reviews an experience of 
surgically treating ossification of the posterior longitudinal 
ligament (OPLL) with fixation of the involved spinal seg-
ments alone, without resorting to any bony or soft tissue 
decompression or attempts at direct resection of the 
OPLL. While in the early part of the experience, stabilization 
of only the involved subaxial cervical spinal segments was 
done, in the later part of the experience, atlantoaxial fixation 
was included in the multisegmental spinal fixation construct. 
This treatment is based on the understanding that spinal 
instability that includes atlantoaxial instability forms the 
nodal point of the pathogenesis and development of OPLL, 
and maturation of the presenting clinical symptoms.

Materials and Methods: Twenty-nine patients were 
treated in this series. There were 28 males and one female, 
and their ages ranged from 28 to 75 years (average 57 years). 
All patients presented with symptoms of neck pain, and pro-
gressive and disabling myelopathy-related quadriparesis. In 
the early part of the series (from 2012 to 2014), 14 patients 
underwent multilevel subaxial cervical spinal fixation by a 
transarticular technique of facetal fixation. After November 
2014, atlantoaxial lateral mass fixation was included in the 
fixation construct in the subsequent 15 patients. Clinical 
assessments were done using a visual analogue scale (VAS), 
the Japanese Orthopaedic Association (JOA) scale and 
Goel’s clinical grading scale.

Results: All patients’ clinical symptoms improved in the 
immediate postoperative period, and the improvement was 
sustained and progressive in 28 patients.

Conclusion: Atlantoaxial and subaxial spinal instability 
seems to be the nodal pathogenetic factor in OPLL. Only 
stabilization of spinal segments that includes the atlanto-
axial joint can provide a safe, simple and rational form of 
treatment.

Keywords  Atlantoaxial dislocation · Facetal fixation · 
Ossified posterior longitudinal ligament · Spinal instability

�Introduction

Ossification of the posterior longitudinal ligament (OPLL) is 
a disabling cervical spinal disease. The complex structural 
presentation and potential for devastating postsurgical neu-
rological complications make this disease a surgeon’s night-
mare. A number of possible aetiological factors have been 
implicated in its development, but none has been seen to be 
convincing or consistent [1–10]. As the pathogenesis is 
unclear, the treatment strategy adopted is essentially based 
on radiological evidence of spinal canal intrusion by the 
bony mass anterior to the spinal cord, and is focused on 
restoring spinal canal dimensions that permit an unrestricted 
and uncompromised traverse of the neural structures.

This paper presents an experience of 29 cases where mul-
tiple spinal segment fixation alone was done, without any 
form of bony or soft tissue decompression or direct resection 
of the OPLL. In 15 cases in the latter half of the series, the 
atlantoaxial joint was included in the fixation construct. This 
treatment strategy is based on the understanding that atlanto-
axial and spinal instability forms the basis of the pathogene-
sis and development of OPLL [11, 12].

�Materials and Methods

During the period from June 2012 to April 2016, 29 patients 
with OPLL were treated with fixation alone as the treatment 
strategy, aimed at arthrodesis of the spinal segments. This analy-
sis of the subject includes a case experience described in two 
previous publications [11, 12]. There were 28 males and one 
female in the series, and their ages ranged from 28 to 75 years 
(average 57  years). All patients presented with progressive 
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quadriparesis as the primary symptom. Neck and hand pain 
were also prominent symptoms. Table 1 summarizes the clinical 
and radiological findings at the time of presentation and prior to 
surgery [13, 14]. Preoperative imaging included dynamic plain 
radiographs, computed tomography (CT) scanning and mag-
netic resonance imaging (MRI) in all patients. During the period 
from June 2012 to August 2014, 14 patients were treated with 
multisegmental subaxial cervical spinal fixation. After 
November 2014, in 15 patients, atlantoaxial fixation was addi-
tionally included in the fixation construct. Atlantoaxial instabil-
ity was diagnosed on the basis of our recently described 
classification based on facetal malalignment in a neutral head 
position (type A: when the facet of the atlas is dislocated ante-
rior to the facet of the axis; type B: when the facet of the atlas is 
dislocated posterior to the facet of the axis) or when facetal 
instability was identified during direct bone handling and 
manipulation during surgery (type C) [15]. Eleven patients had 
type B and four patients had type C atlantoaxial facetal instabil-
ity. With use of the transarticular screw fixation technique 
described by Roy Camille and Saillant in 1972, subaxial spinal 
fixation was done [16]. Atlantoaxial fixation was done with use 

of the technique described by us in 1994 [17–19] (Figs. 1 and 2). 
For transarticular screw fixation the screws were 14  mm in 
length and 2.8 mm in diameter [15]. In nine patients, two screws 
were used for transarticular fixation as this method was consid-
ered to be safe and possible. Such ‘double insurance’ transar-
ticular fixation was seen to add significant stability to the 
implant [20]. For atlantoaxial fixation the atlas and axis screws 
were 28 mm in length and 2.8 mm in diameter. A bone graft was 
harvested from the iliac crest and placed in the atlantoaxial joint 
cavity and in the appropriately prepared host bone of the mid-
line spinal elements, which included the laminae and spinous 
processes and the lateral gutter. The patients were mobilized 
within 24 h of surgery and were advised to wear a hard cervical 
collar for a period of 3 months. After the 3-month healing period 
and confirmation of bone fusion, all activities and neck move-
ments were permitted. Clinical assessments were done using a 
visual analogue scale (VAS), the Japanese Orthopaedic 
Association (JOA) scale and Goel’s clinical grading scale.

�Results

All patients showed ‘remarkable’ immediate postoperative 
clinical improvement. During the follow-up period, which 
ranged from 4 to 50  months (average 29  months), the 
improvement was sustained and progressive in 28 of the 29 
patients. Tables 2, 3 and 4 depict the clinical outcome after a 
minimum follow-up of 3 months. One 45-year-old male who 
had undergone subaxial spinal fixation in a case of OPLL 
that extended from C2 to C6 had postoperative improve-
ment, but his neurological condition worsened 3  months 
after surgery. He then underwent anterior spinal decompres-
sion surgery and was subsequently lost to follow-up. The rest 
of the patients are well, are improved in terms of their clini-
cal symptoms, are independent and active, and have not 
needed any further surgical treatment.

All patients underwent evaluation using static and 
dynamic cervical spine radiographs, CT scans and MRI. 
Static neutral lateral radiographs were used to assess cervi-
cal sagittal balance, while anteroposterior radiographs were 
used to exclude abnormal coronal alignment. The lordotic 
angle was measured using Cobb’s method of measurement 
[11, 12]. Preoperative assessment suggested that all patients 
had loss of cervical lordosis, with a lordotic angle ranging 
from 5° to 15°. After surgery there was a mild decrease in 
the lordotic angle, with the postoperative angle ranging 
from 4° to 12°. There was no significant difference between 
the preoperative and postoperative values. There were no 
wound infections, implant-related failures or complications. 
There was restriction of all spinal movements. Although all 
patients complained of this problem, none were unduly 

Table 1  Table showing the demographics of the patients, types of 
OPLL, and the number of spinal levels affected

Sex Number of patients
Male 28

Female 1

Mean age (years) 57 (28–75)

Levels involved

C1-2 2

C2-3 9

C3-4 20

C4-5 27

C5-6 23

C6-7 7

C7-T1 1

Number of levels fixed

One-level 2

Two-level 4

Three-level 4

Four-level 6

Five-level 6

Six-level 7

Type of OPLL

Continuous 14

Mixed 8

Segmental 5

Unclassified 2
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disturbed, considering the improvement in their limbs and 
their general ability to perform all  activities of daily living. 
Fusion of the spinal segment was defined as the presence of 
bone formation across the facet joints, with absence of all 

kinds of motion between spinous processes and interverte-
bral bodies on flexion–extension, using CT images. 
According to these criteria, successful bone fusion was 
observed in all cases at follow-up assessments.

a

d e

b c

Fig. 1  Images of a 53-year-old female patient. (a)  A T2-weighted 
magnetic resonance image (MRI) shows ossification of the posterior 
longitudinal ligament (OPLL) extending from the C3 to C6 cervical 
levels. (b) A sagittal computed tomography (CT) scan shows the OPLL. 

(c) A sagittal image shows that the facets of the atlas and axis are in 
alignment. (d) A postoperative CT scan shows the facetal implant from 
C1 to T1. (e) A CT scan shows the implant
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Fig. 2  Images of a 55-year-old male patient. (a) A T2-weighted mag-
netic resonance image (MRI) shows multisegmental ossification of the 
posterior longitudinal ligament (OPLL). (b)  A sagittal computed 

tomography (CT) scan shows the OPLL. (c) A sagittal image of the 
atlantoaxial facets shows marginal type B facetal instability. (d) A CT 
scan shows the implant
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�Discussion

OPLL , with its related myelopathy, is a relatively rare clini-
cal event. Although it has been identified throughout the 
world, the entity has been more frequently reported in Asian 
countries. OPLL frequently presents in an advanced state, 
when it has already occupied a significant dimension of the 
spinal canal. OPLL may be segmental or continuous and can 
extend over several spinal segments. The additional intrusion 
of bony elements, which compromise the diameter of the 
spinal canal and indent into the neural tissues, poses a sig-
nificant therapeutic challenge. The location of the OPLL 
anterior to the spinal cord and posterior to the vertebral bod-
ies, and its hard bony consistency, make wide surgical expo-
sure and therapeutic resection difficult and dangerous.

The pathogenesis of OPLL is entirely unclear and has 
been only speculated about [1, 2, 21]. Dietary, environmental, 
infective and physical constitution–related factors, apart 
from a host of other factors, have been incriminated as pos-
sible causes [1–10, 22–24]. In general, patients with OPLL 
are moderately obese, have a relatively thick neck girth and 
in general have a sedate lifestyle. Although a number of 
nonsurgical treatment forms have been advocated, the 
progressive and devastating nature of the clinical symp-
toms mandates a surgical solution. The surgical treatment 
is difficult to conceptualize, as the pathogenesis of the dis-
ease process is unclear.

The pathology of OPLL involves introduction of addi-
tional bony elements into the spinal canal, which traverses 
between the spinal segments. Considering this issue, the gen-
eral opinion has been that patients with OPLL have a stable 
spine or a spine that is more than normally stable [11, 12]. 
The symptoms of progressive myelopathy and a radiological 
appearance of severe and long segmental spinal neural com-
pression make the correlation straightforward. Most sur-
geons dealing with OPLL conceptually favour direct removal 
of OPLL and consider it the best surgical option, associated 
with long-term relief from symptoms and a cure for this con-
dition [21, 23, 25–37]. However, the formidable nature of the 
surgical procedure, the need for extensive bone removal for 
wide exposure, the high risk of neural damage during expo-
sure and OPLL dissection off the spinal cord, and the signifi-
cant risk of cerebrospinal fluid (CSF) leakage make the 
surgical option of direct resection of OPLL less favourable 
[38]. Moreover, the devastating nature of the neurological 
complications following a failed operation makes the entity 
of OPLL a generally feared disease.

Considering the issues related to direct resection of the 
OPLL, the majority of surgeons prefer an indirect form of 
decompression. Some surgeons decide on anterior or poste-
rior decompressive surgery on the basis of the presence or 
absence of kyphosis or lordosis of the cervical spine. Anterior 
decompression involves multilevel corpectomies and dis-
coidectomies, and posterior decompression involves a wide 
and long decompressive laminectomy or various forms of 
spinal canal–expanding laminoplasty. The issue of spinal 
instability and the need for bone fusion of the treated spinal 
segment is considered a consequence of wide and multiseg-
mental bone removal and has been associated with immedi-
ate or delayed postoperative spinal instability. Anterior 
stabilization techniques that include multisegmental metal 
cage implants with or without associated bone grafting have 
been identified as a satisfactory mode of spinal stabilization 
after decompression [23, 25, 26, 29, 30, 34, 36]. Posterior 
stabilization includes a number of wire/screw and metal rod/
loop/ring fixation methods [27, 30, 33, 39]. Essentially, spi-
nal stabilization is a treatment to ward off the possible desta-
bilizing effects of decompressive surgery.

Table 2  Distribution as per clinical grading system

Grade Description

Number of 
patients 
(pre-operative)

Number of 
patients 
(post-operative)

Grade 1 Independent and 
normally 
functioning

2 14

Grade 2 Walks on own but 
needs support/help 
to carry out routine 
household activities

10 10

Grade 3 Walks with minimal 
support and 
requires help to 
carry out household 
activities

8 2

Grade 4 Walks with heavy 
support and unable 
to carry out 
household activities

7 2

Grade 5 Unable to walk and 
dependent for all 
activities

2 1

Table 3  Grading of myelopathy by the Japanese Orthopedic 
Association Score

Score
Pre-operative  
(No. of patients)

Post-operative  
(No. of patients)

<7 11 3

8–12 16 5

>13 2 18

16–17 – 3

Table 4  Visual analog scale (0: no pain, 10: maximum pain)

VAS score Pre-operative Post-operative
Post-operative 
(3 months)

Neck pain 6.2 (3–9) 2.1 (0–3) 0.3 (0–1)
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More recently some authors have identified that instabil-
ity of the spinal segments is associated with OPLL. While 
neural compression is a static factor of cord compromise, 
instability is the dynamic factor affecting cord function [2, 
11, 12]. On the basis of the premise that the entire pathologi-
cal sequel of OPLL is related to spinal instability, fixation 
alone without any form of bony or soft tissue decompression 
or direct resection of OPLL has been identified as an ideal 
form of surgical treatment [11, 12]. Despite extensive bone 
formation in the posterior longitudinal ligament, the articular 
joints are always functional and active. Direct observation of 
the facets suggests that the joints not only are functional but 
actually appear to function excessively and pathologically. In 
the earlier part of the present study (from June 2012 to 
August 2014), transarticular screw fixation was done on seg-
ments in the vicinity of the OPLL after assessment of their 
unstable character [12]. Clinical improvement without any 
decompression and with stabilization alone confirmed that 
instability was the defining feature in the pathogenesis of 
OPLL.  The observations emphasized that it is not neural 
compression or deformation but repeated microtrauma 
related to instability that is the cause of the symptoms [11, 
12, 40–46]. Neural structures have remarkable elasticity, 
plasticity and capacity to sustain deformation if it is of a 
long-standing and slowly progressive nature. Such deforma-
tion of the spinal cord can be observed in benign spinal 
tumours and in cases of syringomyelia where the cord sub-
stance may be remarkably reduced in girth but the spinal 
cord still retains its significant functional ability.

As the concept of spinal instability as the cause of the 
symptoms and pathogenesis of OPLL gained ground, it was 
identified that atlantoaxial instability was associated with 
high cervical OPLL, particularly where the OPLL extended 
above the level of the C3 vertebra [11, 12]. Although the 
atlantoaxial instability could not be identified on dynamic 
imaging by assessment of alteration of the atlantodental 
interval, atlantoaxial facetal instability was identified [15]. 
Types B and C atlantoaxial facetal instability, as identified 
in our patients, have been grouped as central or axial insta-
bility. In these two types of atlantoaxial instability the atlan-
todental interval may not be altered and direct compression 
of the neural structures by the odontoid process is not a hall-
mark [15]. As cord compression is not a major or primary 
issue in these cases, the symptoms are subtle and long-
standing. It was speculated earlier that instability of the 
atlantoaxial joint is the primary issue and that musculoskel-
etal alterations, torticollis, basilar invagination, Chiari mal-
formation type  I and syringomyelia are secondary and 
probably protective bodily responses [47, 48]. It may be that 
the bone formation in the posterior longitudinal ligament is 
protective and a response of the body to multisegmental spi-
nal instability [11, 12]. We had speculated earlier that the 
presence of a retro-odontoid pseudotumour and ossification 

and osteophyte formation in the degenerative spine are sec-
ondary spinal features and a response to spinal instability 
[49]. It was also suggested that the presence of a retro-odon-
toid pseudotumour and cervical subaxial osteophytes as 
indicators of spinal instability suggests the need for stabili-
zation. Direct removal of a retro-odontoid tumour or osteo-
phytes has been considered a counterproductive operative 
procedure [43, 44, 49]. The understanding that atlantoaxial 
instability is associated with high OPLL has led to inclusion 
of atlantoaxial stabilization in the multilevel spinal fixation 
construct.

With further maturation of our understanding and with 
increasing experience in the subject, it was realized that 
atlantoaxial instability is frequently associated with even 
mid- and low cervical OPLL. In the subsequent part of our 
series, all 15 patients underwent multilevel spinal fixation 
that included atlantoaxial fixation. Although it cannot be 
concluded from the present study, it may be that atlantoaxial 
instability is the primary nodal point of the pathogenesis of 
cervical OPLL. While the results regarding the extent of spi-
nal stability in patients treated for OPLL are still under eval-
uation, it seems that multilevel fixation aimed at arthrodesis 
of spinal segments including the atlantoaxial joint appears to 
be a rational form of surgical treatment that addresses the 
nodal point of the pathogenesis of OPLL.
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