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OBJECTIVE Ossification of the posterior longitudinal ligament (OPLL) is a progressive disease. An anterior cervical 
decompression and fusion (ACDF) procedure for cervical OPLL is theoretically feasible, as the lesion exists anteriorly; 
however, such a procedure is considered technically demanding and is associated with serious complications. Cervical 
laminoplasty is reportedly an effective alternative procedure with few complications; it is recognized as a comparatively 
safe procedure, and has been widely used as an initial surgery for cervical OPLL. After posterior surgery, some pa-
tients require revision surgery because of late neurological deterioration due to kyphotic changes in cervical alignment 
or OPLL progression. Here, the authors retrospectively investigated the surgical results and complications of revision 
ACDF after initial posterior surgery for OPLL.

METHODS This was a single-center, retrospective study. Between 2006 and 2013, 19 consecutive patients with cervi-
cal OPLL who underwent revision ACDF at the authors’ institution after initial posterior surgery were evaluated. The 
mean age at the time of revision ACDF was 66 ± 7 years (± SD; range 53–78 years). The mean interval between initial 
posterior surgery and revision ACDF was 63 ± 53 months (range 3–235 months).
RESULTS The mean follow-up period after revision ACDF was 41 ± 26 months (range 24–108 months). Before revision 
ACDF, the mean maximum thickness of the ossified posterior longitudinal ligament was 7.2 ± 1.5 mm (range 5–10 mm), 
and the mean C2–7 angle was 1.3° ± 14° (range -40° to 24°). The K-line was plus (OPLL did not exceed the K-line) in 
8 patients and minus in 11 (OPLL exceeded the K-line). The mean Japanese Orthopaedic Association score improved 
from 10 ± 3 (range 3–15) before revision ACDF to 11 ± 4 (range 4–15) at the last follow-up, and the mean improvement 
rate was 18% ± 18% (range 0%–60%). A total of 16 surgery-related complications developed in 12 patients (63%). The 
main complication was an intraoperative CSF leak in 8 patients (42%). Neurological function worsened in 5 patients 
(26%). The deterioration was due to spinal cord herniation through a defective dura mater in 1 patient, unidentified in 1 
patient, and C-5 palsy that gradually recovered in 3 patients. Reintubation, delirium, and hoarseness were observed in 1 
patient each (5%). No patient required reoperation for reconstruction failure, and all patients eventually had a solid bony 
fusion.

CONCLUSIONS ACDF as revision surgery after initial posterior surgery for cervical myelopathy due to OPLL is associ-
ated with a high incidence of intraoperative CSF leakage and an extremely low improvement rate. The authors think that 
while the use of revision ACDF must be limited, it is indispensable in special cases, such as progressing myelopathy 
following posterior surgery due to a very large beak-type OPLL that exceeds the K-line. Postoperative OPLL progression 
and/or kyphotic changes can possibly cause later neurological deterioration. Fusion should be recommended at the ini-
tial surgery for many cases of cervical OPLL to prevent such a challenging revision surgery.

https://thejns.org/doi/abs/10.3171/2016.9.SPINE16430
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O
ssificatiOn of the posterior longitudinal ligament 
(OPLL) of the cervical spine is recognized as one 
of the causes of cervical myelopathy. Several sur-

gical options for cervical OPLL have been established and 
involve anterior surgery or posterior surgery. The anterior 
cervical decompression and fusion (ACDF) procedure for 
the treatment of cervical OPLL is theoretically feasible, as 
the lesion exists anteriorly;11,12,33 however, it is considered 
technically demanding and is associated with serious com-
plications, such as intraoperative neural injury, symptom-
atic CSF leakage, graft dislodgment, and adjacent-segment 
disease.32,35 Excellent results following cervical lamino-
plasty have been reported in the treatment of patients with 
OPLL, and it has been reported to be an effective alterna-
tive procedure with few complications.2,7,10,24 Cervical lam-
inoplasty is therefore recognized as a comparatively safe 
procedure and has been widely used as an initial surgery 
for cervical OPLL. The long-term outcomes of cervical 
laminoplasty seem to be favorable, although late neurolog-
ical deterioration has been noted in some patients.11,16,17,21,24 
There are 2 main explanations for late deterioration af-
ter cervical laminoplasty. First, postoperative kyphotic 
changes in cervical alignment are not uncommon after 
cervical laminoplasty, but they are after ACDF.2,12 Second, 
OPLL tends to progress more often after cervical lami-
noplasty than after ACDF.3,8,10,21 Therefore, after cervical 
laminoplasty, some patients require revision surgery due 
to late neurological deterioration.29 Worsening myelopathy 
after posterior surgery is a challenging condition to treat 
because it consists of a combination of progressive kypho-
sis, segmental instability due to preceding posterior de-
compression, massive OPLL causing anterior neural com-
pression, and an ossified posterior longitudinal ligament 
(PLL) that is often strongly adherent to the dura or dural 
ossification due to its long duration. We hypothesized that 
revision ACDF in such situations might be associated with 
a high possibility of surgery-related complications and a 
low improvement rate in terms of neurological function. 
The purpose of this study was to investigate the surgical 
results and complications of revision ACDF after initial 
posterior surgery for cervical OPLL.

Methods
Patient Population

We conducted a retrospective, single-center study of 
ACDF as revision surgery performed after initial poste-
rior surgery for cervical myelopathy due to OPLL. The 
study was carried out with the approval of the institutional 
ethics committee. Between 2006 and 2013, 20 consecutive 
patients who had undergone earlier posterior surgery for 
cervical OPLL underwent revision ACDF in our hospital. 
The 19 patients who underwent follow-up for at least 24 
months are included in this study. One patient was lost to 
follow-up because he died of lung cancer. The patients’ 
demographic information is summarized in Table 1.

Radiographic Assessment

Based on preoperative radiographic findings, OPLL of 
the cervical spine is classified into 3 types: continuous, 
segmental, and mixed.30 In addition, based on their sagit-

tal shape, the ossified lesions are classified as plateau or 
hill shaped.11 The maximum thickness of the ossified PLL 
was evaluated, and K-lines were measured. The K-line 
connects the midpoints of the spinal canal at C-2 and C-7 
on neutral lateral radiographs. When anterior compression 
of the OPLL exceeds the line, K-line is defined as minus, 
and the patient is regarded as an unsuitable candidate for 
posterior decompression.6

TABLE 1. Summary of patient demographics and results of 

revision ACDF following initial posterior surgery for cervical 

OPLL

Variable Value

Sex
 Male 13

 Female 6

Mean age at op in yrs 66 ± 7 (53–78)
Previous pst op

 Laminectomy 3

 Laminoplasty 15
 Decompression & fusion 1

Type of ossification
 Segmental 7

 Continuous 8
 Mixed 4

Mean C2–7 angle in ° 1.3 ± 14 (−40 to 24)
K-line

 Minus 11

 Plus 8
Mean max ossified PLL thickness in mm 7.2 ± 1.5 (5–10)
Mean no. of operated disc segments 3.2 ± 0.6 (2–4)
Mean interval btwn initial pst op & revision 

ACDF in mos

63 ± 53 (3–235)

Mean follow-up period after ACDF in mos 41 ± 26 (24–108)
Mean op time in mins 142 ± 46 (86–262)
Mean blood loss in ml 140 ± 173 (20–600)
Halo vest immobilization 7

Mean JOA score*

 Before ACDF 10 ± 3 (3–15)
 At last follow-up 11 ± 4 (4–15)
 Improvement rate as % 18 ± 18 (0–60)
Surgery-related complications 

 Intraop CSF leakage 8
 Neuro deterioration

  C-5 palsy 3

  Other 2

 Reintubation 1

 Delirium 1

 Hoarseness 1

No. of additional ops performed 0

Neuro = neurological; pst = posterior.

Values are presented as the number of patients (%) unless indicated other-
wise. Mean values are presented as the mean ± SD.

* Maximum JOA score: 17.
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Neurological Assessment

All patients presented with long tract signs, including 
spastic gait disturbance, clumsiness of the hands, and seg-
mental-type myelopathy. Surgical outcomes were evaluat-
ed using Japanese Orthopaedic Association (JOA) scores 
(maximum 17 points). The improvement rates were calcu-
lated using the following formula: (JOA scores at follow-
up - JOA scores before surgery)/(17 - JOA scores before 
surgery) × 100 (%).7

Surgical Procedure

All surgeries were performed under spinal cord evoked 
potential monitoring. ACDF was performed through a 
standard left-sided Robinson-Smith anterior approach. An 
operating microscope was routinely used. Before revision 
ACDF, we planned to decompress the segment with the 
maximum thickness and/or discontinuity of the ossified 
PLL. After corpectomy was performed by removing discs 
and vertebral bodies, the ossified PLL was shaved with the 
aid of a diamond bur to make it as thin as possible. Ossified 
lesions were removed if they could be easily released, but 
this was not attempted if they were strongly adherent to 
the dura or if the dura itself was ossified. When CSF leaks 
occurred during surgery, we routinely patched the dural 
defect with a polyglycolicacid sheet and fibrin glue, fol-
lowed by postoperative lumbar drainage. During surgery, 
after shaving and floating the ossified PLL mass, we de-
termined that sufficient decompression had been accom-
plished when we could see the expansion and pulsation of 
the dura mater. The cervical spine was reconstructed using 
an autologous bone graft from the fibula and fixed inter-
nally using a plate and screw system. The average treated 
distance spanned 3.2 ± 0.6 intervertebral discs (range 2–4). 
For 7 patients (37%), immobilization was initially main-
tained using a halo vest, and all patients were fixed in a 
collar for 3 to 4 months postoperatively. After surgery, we 
performed CT and MRI to confirm sufficient decompres-
sion in accordance with the preoperative plan. Fusion was 
assessed by the presence of bridging bone on radiographs 
and by angular measurement of motion on the flexion-
extension lateral radiographs. When the measurement of 
motion was difficult to determine on radiographs alone, we 
also assessed bone bridge formation on CT scans. 

Results
The individual clinical and radiographic data of all 19 

patients are shown in Table 2. According to physical and 
radiological findings just before revision ACDF, we con-
sidered the major reason for neurological deterioration to 
be anterior spinal cord compression due to residual OPLL 
at the discontinued portion of the ossified PLL and local 
kyphosis.

Surgical Results of Anterior Surgery

The mean operation time was 142 ± 46 minutes (range 
86–262 minutes), and the mean blood loss during surgery 
was 140 ± 173 ml (range 20–600 ml). The mean JOA 
score improved from 10 ± 3 (range 3–15) before revision 
ACDF to 11 ± 4 (range 4–15) at the last follow-up; the 
mean improvement rate was 18% ± 18% (range 0%–60%).

Surgery-Related Complications After ACDF

A total of 16 complications developed in 12 patients 
(63%; Table 1). Intraoperative CSF leakage occurred in 8 
patients (42%). None of these patients developed menin-
gitis and none had CSF leakage from the wound. C-5 pal-
sy, which gradually resolved, was observed in 3 patients 
(16%). Aside from the C-5 palsy, neurological function 
worsened in 4 other patients (22%), then improved gradu-
ally, but it failed to recover completely in 2 patients (11%). 
Both of these patients exhibited a partial Brown-Séquard 
syndrome. The cause of neurological worsening was spi-
nal cord herniation through a defective dura mater in one 
patient and it was unidentified in the other. Reintubation, 
delirium, and hoarseness occurred in 1 patient each (5%). 
No patient required reoperation for reconstruction failure, 
and all patients eventually had a solid bony fusion.

Illustrative Cases
Case 6

A 70-year-old man with cervical OPLL had undergone 
C5–7 ACDF 20 years prior and C1–7 laminectomy 10 
years prior to admission to our clinic. Over the last several 
years, he experienced deterioration with bilateral hand 
numbness and gait disturbance. Before performing the re-
vision ACDF, we considered that the maximum thickness 
of the ossified PLL at C3–4, in which OPLL exceeded the 
K-line (Fig. 1A), and the residual discontinuity of the ossi-
fied PLL at C4–5 (Fig. 1B) were the segments responsible 
for the progression of myelopathy. The patient underwent 
revision ACDF (corpectomies at C-3 and C-4), with au-
tologous bone graft from the fibula supplemented with 
anterior plating (Fig. 1C and D). Intraoperative CSF leak-
age during shaving of the ossified lesion was seen. The 
patient’s persistent numbness in his hands and gait distur-
bance persisted even after surgery. His JOA score before 
revision ACDF was 7, and at the 5-year follow-up it was 8; 
the improvement rate was 10%. In retrospect, if the patient 
had undergone ACDF instead of laminoplasty 10 years be-
fore, revision surgery for OPLL progression and kyphosis 
progression might have prevented the patient’s persistent 
neurological deterioration.

Case 12

A 53-year-old man with cervical OPLL underwent 
C2–T1 posterior decompression and instrumented fu-
sion 2 years prior to admission to our clinic. Neuropathic 
arm pain and deterioration of upper-extremity function 
developed after surgery. Before the patient’s initial pos-
terior surgery, the ossified PLL already greatly exceeded 
the K-line at C3–4 (Fig. 2A), and there was ossified PLL 
discontinuity at the same segment (Fig. 2C). After this 
initial posterior surgery, the spinal cord could not shift 
backward sufficiently away from the ossified PLL (Fig. 
2B). Residual cord compression by the ossified PLL led 
to gradual neurological deterioration. The patient visited 
our clinic because of gradual worsening of clumsiness of 
his hands and gait disturbance. Revision ACDF (corpec-
tomies at C-3 and C-4) was performed (Fig. 2D). The pa-
tient’s JOA score before revision ACDF was 7, and at the 
24-month follow-up it was 8; the improvement rate was 
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10%. In retrospect, anterior decompression at the initial 
surgery would probably have eliminated or lessened the 
need for revision surgery.

Case 19

A 67-year-old man with severe myelopathy due to cer-
vical OPLL had undergone C3–T2 laminoplasty 8 years 
prior to admission to our clinic. During the follow-up pe-
riod, gait disturbance and clumsiness of the hands gradu-

ally worsened. Although the ossified PLL did not exceed 
the K-line, the maximal thickness and the discontinuity of 
the ossified PLL both occurred at C-5 (Fig. 3B), in which 
there was myelomalacia (Fig. 3A). Insufficient posterior 
shift of the spinal cord and residual motion in this seg-
ment after the initial posterior surgery (laminoplasty) led 
to the subsequent neurological deterioration. The patient 
underwent revision ACDF (corpectomies at C-3, C-4, and 
C-5) (Fig. 3C). CSF leakage was seen intraoperatively, 

TABLE 2. Clinical and radiological characteristics in 19 patients undergoing revision ACDF following initial posterior surgery for cervical 

OPLL

Case 

No.

Age 

(yrs), 
Sex Initial Pst Op

Interval 

Btwn Initial 

Pst Op & 

Revision 
ACDF (mos)

Type of 

Ossification

C2–7 

Angle 

(°)

K-Line 

Before 

ACDF 

Max 
Ossified 

PLL 

Thickness 

(mm)

JOA Score

ACDF 

Levels

Op-Related 
Complication

Before 

ACDF

At 

Last 

FU 

Improvement 

Rate (%)

1 74, F C1–T6 laminec-

tomy

36 Continuous, 

plateau

−1 Minus 10 3 5 14 C2–6 CSF leakage

2 60, M C3–7 lamino-

plasty

60 Continuous, 

plateau

10 Minus 7 14 13 0 C2–5 CSF leakage, neuro 

deterioration

3 68, F C3–T2 laminec-

tomy

43 Segmental, 

plateau

–1 Plus 7 9 9 0 C3–6

4 75, M C3–6 lamino-

plasty

58 Mixed, 
plateau

0 Plus 6 7 8 10 C5–7

5 67, M C3–6 lamino-

plasty

36 Segmental, 

hill

–1 Plus 5 10 13 43 C4–7 C-5 palsy

6 70, M C1–7 laminec-

tomy

125 Continuous, 

hill

0 Minus 10 7 8 10 C2–6 CSF leakage

7 63, M C3–6 lamino-

plasty

10 Segmental, 

hill

20 Minus 7 12 14 40 C2–4 Hoarseness

8 67, M C3–6 lamino-

plasty

24 Mixed, 
plateau

7 Minus 6 8 9 11 C2–5

9 59, M C3–5 lamino-

plasty

108 Mixed, hill −10 Minus 8 14 15 33 C2–5 CSF leakage

10 78, F C3–6 lamino-

plasty

84 Segmental, 

hill

24 Minus 7 5 4 0 C3–6 CSF leakage, neuro 

deterioration

11 65, M C5–7 lamino-

plasty

235 Continuous, 

hill

10 Plus 6 12 15 60 C3–7

12 53, M C2–T1 laminec-

tomy & fusion

6 Continuous, 

hill

−22 Minus 10 7 8 10 C2–5

13 63, M C1–T1 lamino-

plasty

3 Continuous, 

hill

5 Minus 8 10 10 0 C3–7 CSF leakage

14 72, M C3–6 lamino-

plasty

48 Segmental, 

plateau

1 Minus 6 12 13 20 C3–6 Delirium

15 64, F C2–6 lamino-

plasty

50 Mixed, hill 10 Plus 7 15 15 0 C2–5 CSF leakage, 

reintubation

16 66, M C2–7 lamino-

plasty

47 Mixed, 
plateau

5 Plus 7 14 15 33 C2–5

17 57, F C1–6 lamino-

plasty

72 Continuous, 

plateau

−40 Minus 6 9 9 0 C4–7 C-5 palsy

18 68, F C3–6 lamino-

plasty

48 Segmental, 

hill

6 Plus 6 12 14 40 C4–7

19 67, M C3–T2 lamino-

plasty

96 Continuous, 

hill

0 Plus 8 10 11 14 C4–7 CSF leakage, C-5 
palsy

FU = follow-up.
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and right-sided C-5 palsy occurred postoperatively. The 
patient’s JOA score before revision ACDF was 10 and it 
was 11 at the 24-month follow-up; the improvement rate 
was 14%. In retrospect, fusion during the initial surgery 
should have been recommended for this case.

Discussion
ACDF and cervical laminoplasty are both common 

treatment options for cervical myelopathy due to OPLL. 
ACDF is indicated in cases in which the canal is more 
significantly compromised, and it can be performed ef-
fectively in patients with reduced cervical lordosis. ACDF 
yields better results than cervical laminoplasty on long-
term follow-up.11,21 ACDF, however, was found to be as-
sociated with less satisfactory outcomes, with incidences 
of nonunion and reconstruction failure. The procedure is 
technically demanding because of ossification of the dura 
or massive bleeding from the epidural space. On the oth-
er hand, cervical laminoplasty has been shown to safely 
achieve decompression of the spinal cord in patients with 
cervical lordosis and a small ossified PLL11,16,21,22 and is 
therefore recognized as a comparatively safe procedure 

that has been widely used as an initial surgery for cervi-
cal OPLL. However, several authors have reported limit-
ing factors for the indication of cervical laminoplasty for 
OPLL, because it is effective only when the spinal cord 
can shift posteriorly after decompression. The reported 
risk factors for suboptimal decompression are lordosis of 
less than 10° or kyphosis in the preoperative sagittal align-
ment and a preoperative OPLL thickness of more than 
7–7.2 mm,22,34 and an ossified PLL diameter of more than 
50%–60% of the spinal canal.10,11,28

Late Neurological Deterioration After Posterior Surgery

Tani et al. reported that 33% of the patients who un-
derwent laminoplasty demonstrated neurological deterio-
ration after surgery.28 Postoperative progression of OPLL 
has been reported to occur frequently after cervical lami-
noplasty3,8,10 and has caused late neurological deteriora-
tion requiring revision surgery.29 Sakai et al.21 reported 
that postoperative progression of the OPLL at the 5-year 
follow-up period was observed in 5% of patients after 
ACDF but in 50% of patients after cervical laminoplasty. 
The overall improvement rates in the JOA scores were the 

FIG. 1. Case 6. A and B: MR (A) and CT (B) images obtained before revision ACDF, showing that a C5–7 ACDF (arrowheads) 
and a C1–7 laminectomy (arrows) had been previously performed, but a continuous type OPLL (asterisks) remains in front of the 
spinal cord at C2–5. The maximum thickness of the ossified PLL was 10 mm. The K-line (white line) was minus. C and D: MR (C) 
and CT (D) images obtained after revision ACDF, showing adequate anterior decompression (asterisk).

FIG. 2. Case 12. A: MR image obtained before initial posterior surgery, showing massive ossification and local kyphosis from C-3 
to C-6 (arrows). A hill-shaped ossification at C3–4 (asterisk) occupies 90% of the spinal canal. B: MR image obtained after pos-
terior surgery, showing insufficient posterior shift of the cord (arrow). C: CT myelogram showing persistent anterior impingement 
of the cord at the C3–4 level (arrow). The maximum thickness of the ossified PLL was 10 mm. The K-line (white line) was minus. In 
retrospect, posterior decompression was not suitable for this case. D: MR image obtained after revision ACDF, showing adequate 
anterior decompression (asterisk).
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same in both groups at the 3-year follow-up; however, at 
the 5-year follow-up, late neurological deterioration was 
evident in the cervical laminoplasty group but not in the 
ACDF group.21

Fujiyoshi et al. evaluated the kyphotic alignment of the 
cervical spine and canal compromise from OPLL using a 
new index, the K-line, which they defined as the line that 
connects the midpoints of the spinal canal at C-2 and C-7.6 
They found that neither sufficient posterior shift of the spi-
nal cord nor neurological improvement was achieved after 
posterior decompression surgery in patients with an ossi-
fied PLL that exceeded the K-line (the K-line minus group).

During preoperative planning, we must keep in mind 
the risk that cervical laminoplasty is associated not only 
with a high probability of OPLL progression but also with 
the development of postoperative kyphosis.2,8,12,18,21 There-
fore, even for the K-line plus cases before cervical lami-
noplasty, postoperative OPLL progression and/or kyphotic 
changes can possibly lead to later neurological deteriora-
tion. In addition, the dynamic aspects of the cervical spine 
(i.e., segmental instability due to posterior decompression 
surgery) might be important for the development of late 
neurological deterioration after cervical laminoplasty.

Fusion Surgery for Cervical OPLL

An alternative to cervical laminoplasty, fusion at the 
initial surgery should be recommended for many cas-
es of cervical OPLL to prevent future revision surgery, 
given that fusion eliminates kyphosis progression and is 
associated with a lower incidence of OPLL progression 
compared with decompression alone.14,15,18 Chen et al. 
retrospectively investigated 75 patients with multilevel 
OPLL.1 Twenty-two of these patients underwent ACDF, 
28 underwent posterior cervical decompression and fusion 
(PCDF), and 25 underwent laminoplasty. The JOA score 
improvement rates after ACDF were significantly higher 
than those after laminoplasty, with improvement rates af-
ter PCDF in between (ACDF, 63%; PCDF, 44%; and lami-
noplasty, 25%). Thus, the authors concluded that ACDF 
was significantly more effective for OPLL than PCDF. 
Although both ACDF and PCDF can prevent progression 
of kyphosis and OPLL, we think that ACDF should be the 
first choice for the initial OPLL surgery in most cases, be-

cause myelopathy causes anterior compression and OPLL 
is a progressive disease. However, when the ossified PLL 
occupies too much of the canal or involves multiple ver-
tebrae, ACDF becomes a technical challenge. Although 
there is some risk involved, it is important to consider how 
much benefit might actually be achieved by direct anterior 
decompression. In the face of these technical difficulties, 
PCDF may be valid for most cases of cervical OPLL, and 
it may be a solution to the problems unique to ACDF.6,9,16,21 
However, the incidence of postoperative C-5 palsy is high-
er after PCDF.1 In addition, patients who have undergone 
posterior surgery often complain of axial pain1 due to dis-
ruption of posterior neck tissue, leading to decreased satis-
faction. A disadvantage of posterior decompression is that 
the ossified PLL remains ventral to the spinal cord. Lee et 
al. reported a 30% progression rate of OPLL after PCDF.15 
Moreover, cervical lordosis decreased over time even after 
PCDF.15,27 Based on the results of these studies, PCDF is 
inadequate for some cases with very large beak-type ossi-
fied PLLs that greatly exceed the K-line (such as our Case 
12), because there is a possibility of gradual neurological 
deterioration due to loss of cervical lordosis or OPLL pro-
gression even after PCDF.

When considering revision surgery for patients who 
underwent prior posterior decompression surgery, it is im-
possible to once again perform decompression from the 
posterior aspect. Moreover, even with posterior instru-
mentation, the amount of kyphosis correction for cervical 
OPLL patients with kyphotic alignment is insufficient and 
often falls short of surgeons’ expectations.

To date, due to the limited number of studies that focus 
on PCDF for the treatment of cervical OPLL, we were un-
able to directly compare the clinical results of ACDF ver-
sus PCDF. Further randomized controlled trials compar-
ing the 2 procedures for the treatment of OPLL are needed 
to draw more convincing conclusions.

Surgical Results After Revision ACDF

Improvement rates of the JOA score as a way of deter-
mining outcomes after ACDF for cervical OPLL have been 
reported to be 43%–63%.11,16,20,21,23 In our experience, the 
mean improvement rate of 68 consecutive patients with cer-
vical OPLL who underwent ACDF as the initial surgery 

FIG. 3. Case 19. A: MR image obtained before revision ACDF, showing anterior cord compression from C-3 to C-5 (ar-

rows). B: CT myelogram obtained before revision ACDF, showing discontinuity of the ossification at C-5 (asterisk), meaning 
that residual motion exists at this portion. The maximum thickness of the ossified PLL was 8 mm. The K-line (white line) was 
plus. C: CT scan obtained after revision ACDF, showing adequate anterior decompression (asterisk).
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at our institution was 63%.20 Notably, in the current series 
of 19 patients who underwent revision ACDF after initial 
posterior surgery, the mean improvement rate was extreme-
ly low (18%). The interval between initial posterior sur-
gery and revision ACDF was 24–108 months. Irreversible 
changes as a result of the long duration of a massive ossified 
PLL causing cord compression may have contributed to the 
poor improvement. Although we do not have evidence from 
this study, we believe that early surgery for those patients 
might have helped reduce further spinal cord injury.

Surgery-Related Complications After Revision ACDF

In the current series, surgery-related complications oc-
curred in 63% of the patients, the main complication be-
ing intraoperative CSF leakage (42%). CSF leakage after 
ACDF can be troublesome and can lead to a pseudomenin-
gocele, respiratory obstruction, a cutaneous CSF fistula, 
and meningitis.4 The reported incidence of CSF leakage 
after ACDF for OPLL ranges from 4% to 32%.4,13,26 The 
high incidence of CSF leakage in the current series is like-
ly specific to the advanced stages of the OPLL, as we have 
rarely encountered intraoperative CSF leakage in patients 
who undergo ACDF as initial surgery (7%).20

In general, ACDF becomes technically more demanding 
with the increasing thickness of the ossified PLL, because 
such an advanced stage of OPLL usually incorporates the 
dura.26 The longstanding OPLL can often be associated 
with dural ossification, and, therefore, removal of the ossi-
fied lesion can lead to a dural defect. In the current series, 
the mean maximal ossified PLL thickness was 7.2 ± 1.5 
mm, perhaps contributing to the increased number of intra-
operative CSF leaks during shaving of the ossified lesions.

In this study, 4 of 8 patients with intraoperative CSF 
leakage experienced neurological problems immediately 
after the surgery. Although their symptoms improved 
gradually, 2 patients did not reach their preoperative levels 
of function. As Seichi et al. mentioned, the greater the area 
occupied by the ossified PLL, the higher the risk of post-
operative neurological sequelae.23 Spinal cord herniation 
through the defective dura mater might also have caused 
neurological sequelae.19

The safety of anterior decompression depends on less 
traumatic manipulation of the spinal cord and on protec-
tion of the epidural vascular plexus. During surgery, if the 
surgeon encounters massive bleeding or CSF leakage due 
to dural ossification, halting the decompression to avoid 
neurological complications is crucial.

In the current series, 90% of the patients underwent op-
erations on more than 3 disc segments, and the preceding 
posterior decompression surgery might have weakened 
the stability of the cervical spine. Although long anterior 
reconstruction has been reported to be associated with a 
high incidence of pseudarthrosis and instrumentation fail-
ure,5,25,31,36 there were no incidences in the present series. 
This may be attributed to the structural stability in patients 
with OPLL, as range of motion of cervical spine is usually 
decreased in these patients.

Conclusions
The results of the present study demonstrated that re-

vision ACDF is a challenging surgery associated with a 
high probability of intraoperative CSF leakage and an 
extremely low improvement rate. We think that while the 
use of revision ACDF must be limited, it is indispensable 
for special cases, such as progressive myelopathy follow-
ing posterior surgery due to very large beak-type OPLL 
that exceeds the K-line. The surgical results of our revision 
ACDF offers extremely important information to surgeons 
who plan to perform initial posterior surgery or revision 
ACDF for cervical OPLL. A surgical plan for the initial 
surgery that prevents such a challenging revision surgery 
is ideal. Postoperative OPLL progression and/or kyphotic 
changes can possibly cause later neurological deteriora-
tion. While a surgical strategy should be made based on 
the individual patient, fusion at the initial surgery should 
be recommended for many cases of cervical OPLL to pre-
vent future revision surgery.
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