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Aims
Surgical approaches to cervical ossification of the posterior longitudinal ligament (OPLL)
remain controversial. The purpose of the present study was to analyze and compare the
long-term neurological recovery following anterior decompression with fusion (ADF) and
posterior laminectomy and fusion with bone graft and internal fixation (PLF) based on >
ten-year follow-up outcomes in a single centre.

Methods
Included in this retrospective cohort study were 48 patients (12 females; mean age
55.79 years (SD 8.94)) who were diagnosed with cervical OPLL, received treatment in our
centre, and were followed up for 10.22 to 15.25 years. Of them, 24 patients (six females;
mean age 52.88 years (SD 8.79)) received ADF, and the other 24 patients (five females;
mean age 56.25 years (SD 9.44)) received PLF. Clinical data including age, sex, and the OPLL
canal-occupying ratio were analyzed and compared. The primary outcome was Japanese
Orthopaedic Association (JOA) score, and the secondary outcome was visual analogue scale
neck pain.

Results
Compared with the baseline, neurological function improved significantly after surgery in
all patients of both groups (p < 0.001). The JOA recovery rate in the ADF group was signifi-
cantly higher than that in the PLF group (p < 0.001). There was no significant difference in
postoperative cervical pain between the two groups (p = 0.387). The operating time was
longer and intraoperative blood loss was greater in the PLF group than the ADF group.
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More complications were observed in the ADF group than in the PLF group, although the difference was not statistically
significant.

Conclusion
Long-term neurological function improved significantly after surgery in both groups, with the improvement more pronounced
in the ADF group. There was no significant difference in postoperative neck pain between the two groups. The operating time
was shorter and intraoperative blood loss was lower in the ADF group; however, the incidence of perioperative complications was
higher.

Take home message
• Both anterior decompression with fusion (ADF) and

posterior laminectomy and fusion (PLF) have been shown to
be effective approaches in improving postoperative
neurological function for patients with ossification of the
posterior longitudinal ligament over ten years.

• ADF may provide better neurological recovery compared
with PLF, especially for patients with a canal-occupying ratio
≥ 50%.

• The perioperative complication rate within ADF was higher
than PLF, but this difference was not statistically significant.

Introduction
Ossification of the posterior longitudinal ligament (OPLL) of
the cervical spine is a common degenerative disease often
resulting in spinal cord and nerve compression, and eventu-
ally neurological dysfunction.1,2 The incidence of cervical OPLL
in Asians is higher than that in Caucasians,3 although the
prevalence in Caucasians tends to increase more gradually.4

Conservative therapy is usually recommended for most OPLL
patients with no or mild neurological symptoms.5 However, for
patients who develop myelopathy as OPLL progresses, timely
surgery is often required.6–8

There is no consensus of opinions about the optimal
surgical approach for cervical OPLL.9 Anterior decompression
and fusion (ADF) can provide direct decompression on the
spinal cord and stabilize the diseased segments.7,10–12 However,
the surgical procedure of ADF is complex and requires high
surgical skills.13 Posterior laminectomy and fusion with bone
graft and internal fixation (PLF) is technically less complex,
with a relatively low complication rate, but it is often associ-
ated with poorer recovery of neurological function due to
indirect decompression,7,14,15 especially for patients with a
canal-occupying ratio (COR) of ≥ 50%.15

Although several previous studies have compared the
clinical outcomes of OPLL patients after ADF and PLF, their
follow-up periods are relatively short,16,17 and it is therefore
unclear which surgical approach – ADF or PLF – is more
effective in improving long-term postoperative neurological
function in OPLL patients. The purpose of the present study
was to compare long-term surgical outcomes of ADF and PLF
for the treatment of OPLL based on the clinical data obtained
from more than ten-year clinical practices and follow-up
observations, in the hope that our summary could provide
useful suggestions in selecting an optimal surgical treatment
for individual OPLL patients.

Methods
Consecutive OPLL patients who underwent surgery at our
institution (Shanghai Changzheng Hospital) from November

2008 to December 2013 were included in the study. With
informed consent from patients or their guardians, patient
data were obtained from the electronic medical record
database of Changzheng Hospital, a tertiary care hospital
in Shanghai City, China. The study protocol was approved
by the Ethics Committee of Changzheng Hospital and the
Institutional Review Board by following the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) for cohort studies. Patients with incomplete clinical
data, histories of cervical surgery, compression involving the
thoracic cord, and/or receiving a combined anterior and
posterior approach were excluded. Altogether, 48 patients
(12 females) were included in this study, with a mean age of
55.79 years (SD 8.94). They were followed up by telephone or
through clinical outpatient interviews (Figure 1). The distri-
bution of the number of cases of ossification in different
segments is shown in Figure 2.

Surgical procedures
The choice of surgical approach was decided by at least
two spinal surgeons (XSC, LSJ) after comprehensive consider-
ations of the imaging and clinical findings. ADF was prefer-
red for patients with segmental or localized-type OPLL, and
PLF was preferred for patients who were indicated for a
posterior surgical approach, especially in OPLL patients with
cumulative C2 or more than three segments. In general, ADF
was the preferred surgical approach for patients with OPLL,
although PLF was chosen if the patient preferred it. All surgical
procedures were performed under general anaesthesia as
previously described.18

ADF was performed with the patient laid in a supine
position. A right cervical transverse incision was made to
expose the anterior aspect of the vertebral body. The OPLL
was excised with a vertebral plate biting forceps and/or
a high-speed burr after removal of the disc and/or verte-
bral body. The cervical spine was the reconstructed using a
titanium (Ti) mesh or cage, and internally fixed with the Ti
plate and screw system. The cervical spine was immobilized
using a neck collar for three months postoperatively. The
level of decompression and fusion was determined based on
preoperative imaging and neurological findings.

PLF was performed with the patient laid in a prone
position, and laminectomy was performed with internal
fixation and fusion. Internal fixation was generally performed
from C3 to C6 using lateral mass screws, and C2 and C7 were
usually fixed with pedicle screws.18 In one patient from the PLF
group, C2 was fixed using isthmus screws, and the spinous
process and bilateral laminae of C3-6 (with or without C2 or C7
when necessary) were removed (Figure 3). Finally, the cervical
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spine was immobilized using a neck collar for three months
postoperatively.

All patients received intravenous 500 mg methylpredni-
solone and proton pump inhibitors for gastric protection, and
second-generation cephalosporins for anti-infection, as well as
postoperative symptomatic management.

All surgeons involved had received standardized
surgical training in our institution for at least four to five
years until they became proficient in performing ADF and
PLF, including correct identification of the scope of OPLL
resection, modification of the margins after laminectomy, and
the technique of submerged decompression of the resected
vertebral body or upper and lower segments of the lam-
ina. Preoperative surgical planning and subsequent practice
were performed by a team comprising two to three sur-
geons, a nurse, and an anaesthetist. The quality of surgery
was monitored and controlled by the senior surgeons (XSC,
LSJ) with in the same team to avoid or minimize variability
between different surgeons.

Outcome measurement
The primary outcome of neurological recovery was evaluated
using the Japanese Orthopaedic Association (JOA)18 score by
using the following equation: JOA Recovery Rate (JOA RR) (%)
= (Postoperative JOA - Preoperative JOA)/(17 - Preoperative
JOA)×100%,19 in which JOA RR ≥ 75% is defined as excellent,

50 to 74% as good, 25 to 49% as fairly good, and < 25% as
poor.20 Data were analyzed in subgroups according to whether
the COR was ≥ 50%. JOA scores and JOA recovery rates were
compared between patients with COR < 50% or COR ≥ 50%,
respectively. The secondary outcome of postoperative axial

Fig. 1
Enrolment, cohort, treatment, and follow-up processes of the study. ADF, anterior decompression with fusion; OPLL, ossification of the posterior
longitudinal ligament; PLF, posterior laminectomy with fusion.

Fig. 2
Cases of ossification of the posterior longitudinal ligamen (OPLL) in
different cervical segments in anterior decompression with fusion (ADF)
and posterior laminectomy with fusion (PLF) groups.
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neck symptoms was evaluated using the visual analogue scale
(VAS). Operating time, intraoperative blood loss, and perioper-
ative complications were evaluated and compared between
the two groups. The primary outcome data were collected
by telephone or through outpatient clinical interviews. All
included patients had been followed up for at least ten years
before initiation of the study.

Statistical analysis
Count data are expressed as frequency, and quantitative data
are expressed as the mean and SD. Count data were analyzed
by chi-squared test or Fisher’s exact test, and quantitative data
were analyzed by independent-samples t-test. Differences
with a p-value ≤ 0.05 were considered statistically significant.
All statistical analyses of data were performed by R software v.
4.2.1 (R Foundation for Statistical Computing, Austria).

Results
There was no statistically significant difference in age, sex,
BMI, number of K-line (-) cases, time of symptom onset, spinal
canal occupancy, hypertension, diabetes, smoking, alcohol
consumption, preoperative JOA score, preoperative VAS score,
OPLL spinal COR, and the follow-up duration between ADF
and PLF groups (Table I).

The operating time in ADF group was significantly
shorter than that of the PLF group (p < 0.001, independ-
ent-samples t-test), and there was also less intraoperative
blood loss in ADF group (p = 0.038, independent-samples
t-test) (Table II). Neurological symptoms improved substan-
tially in both groups. The results of independent-samples
t-test showed that the follow-up JOA scores were significantly
higher than the preoperative JOA scores in both groups (p <
0.001). The postoperative JOA scores in patients of the ADF
group were significantly higher than those in the PLF group (p
= 0.002), and the postoperative JOA recovery rate in patients

of the ADF group was also significantly higher than that in
patients of the PLF group (p < 0.001). According to the final
JOA recovery rate, excellent results were achieved in 11 cases,
good results in six cases, fairly good results in six cases, and
a poor result in one case in the ADF group, versus one, nine,
12, and two cases, respectively, in the PLF group (excellent
+ good vs fairly good + poor in both groups; p = 0.042,
chi-squared test) (Table II). Postoperative axial symptoms were
evaluated by VAS score, showing no significant difference
between the two groups (p = 0.387, independent-samples
t-test). In addition, no significant difference was observed in
VAS score reduction between the two groups (p = 0.724,
independent-samples t-test) (Table II). However, postoperative
VAS scores were significantly lower than the preoperative VAS
scores in both ADF and PLF groups (both p < 0.001, independ-
ent-samples t-test). The length of hospital stay in ADF group
was significantly shorter than that of the PLF group (p = 0.477,
independent-samples t-test) (Table II).

For cases with COR < 50%, the final JOA score and JOA
recovery rate in the ADF group were both higher than those in
the PLF group. In cases with COR ≥ 50%, the JOA recovery rate
in the ADF group was higher than that in the PLF group (Table
III).

The incidence of perioperative complications in the
ADF group was insignificantly higher than that in the PLF
group (p = 0.120, chi-squared test). In the ADF group,
cerebrospinal fluid (CSF) leakage happened in three cases,
internal fixation dislodgement or subsidence in two cases
without the need for revision surgery, haematoma in two
cases, dysphagia in two cases, and Horner syndrome in one
case. In PLF group, C5 palsy occurred in four cases, and
infection in one case. Except for the four cases of C5 palsy
in PLF group, no postoperative neurological deterioration or
injury to the vertebral artery occurred in any other patients
(Table IV).

Fig. 3
Lateral radiographs after a) anterior decompression with fusion (49-year-old male two days postoperatively) and b) posterior laminectomy with
fusion (47-year-old male two days postoperatively).
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Discussion
The optimal treatment for cervical OPLL is controversial, and
a focus of current research.21,22 There are advantages and
disadvantages to both the anterior and posterior approaches.
Anterior surgery may provide direct relief of compression
on the spinal cord, which can theoretically prevent further
progression of the ossification and the possibility of recom-
pression of the spinal cord.18 The anterior approach is
generally considered better than the posterior approach in
terms of neurological recovery.4 However, anterior approach
surgery requires more complex surgical skills and runs a
higher risk of complications.23,24 The posterior approach, by
contrast, requires relatively simple techniques, but postoper-
ative neurological recovery is not as good as that of the
anterior approach because the ossified material remains in
situ.15,18,21,25 According to the long-term follow-up reports in
the literature, the neurological function may be reduced
in patients receiving posterior surgery, which may require
a second-stage anterior surgery.19,26 Our previous prospec-
tive comparative studies have also shown that the anterior
approach is significantly more effective than the posterior

approach, especially in OPLL patients with at least 50% canal
occupancy.15,18

It has been shown that PLF can provide long-term
stability of the cervical spine,17,27,28 improve the functional
prognosis, and avoid cervical deformity of OPLL patients.27 In
addition, PLF can also reduce deterioration of cervical OPLL.17

Although most previous studies have demonstrated that PLF is
a more suitable option for the treatment of large-scale OPLL,
few have discussed the long-term surgical outcomes of these
surgical approaches for OPLL based on follow-up data beyond
ten years. In the present study, we analyzed and compared
neurological improvement between ADF and PLF for OPLL
based on our > ten-year postoperative follow-up data. The
mean follow-up period was 12.4 years (SD 1.47) for the ADF
group and 11.82 years (SD 1.35) for the PLF group.

Our study found that ossified material spinal canal
occupancy was 46.74% (mean COR 44.14 (SD 11.39)) in the
ADF group and 49.35 (SD 11.83) in the PLF group; p = 0.127),
and COR was greater than 50% in 22 cases (45.83%). All
patients in this study had severe compression of the OPLL.
The patient baseline data in the ADF and PLF groups were
comparable (Table I), and all patients achieved good postoper-
ative neurological recovery. The mean postoperative JOA score
in the ADF group was significantly higher than that of the PLF
group (14.58 vs 12.38, p = 0.002). Based on the JOA score,
the mean JOA RR in the ADF group was significantly higher
than that of the PLF group (70.9% vs 42.78%, p < 0.001). For
patients with a COR ≥ 50%, the JOA RR was also significantly
higher in the ADF group, which is in line with the finding of
our prospective study (68.1% JOA RR in the ADF group and
38.39% JOA RR in the PLF group),18 indicating that both ADF
and PLF can effectively improve the long-term postoperative

Table I. Demographic details of the included patients.

Characteristic ADF (n = 24) PLF (n = 24)
p-
value

Mean age, yrs (SD) 52.88 (8.79) 56.25 (9.44) 0.206*

Gender, n (M/F) 18/6 19/5 0.731†

Mean BMI, kg/m2 (SD) 24.49 (2.43) 25.75 (3.32) 0.141*

K-line, n (+/-) 17/7 18/6 0.745†

Mean duration of
symptoms, mths (SD)

17.51 (22.73) 25.10 (34.60) 0.374*

Mean COR (SD) 44.14 (11.39) 49.35 (11.83) 0.127*

Hypertension, n (%) 5 (20.83) 10 (41.67) 0.119†

DM, n (%) 1 (4.17) 5 (20.83) 0.190‡

Smoking, n (%) 13 (54.17) 9 (37.5) 0.247†

Drinking, n (%) 7 (29.17) 6 (2) 0.745†

Mean follow-up, yrs (SD) 12.40 (1.47) 11.82 (1.35) 0.163*

Mean preoperative VAS
score (SD)

3.79 (1.10) 4.13 (1.30) 0.342*

Mean preoperative JOA
score (SD)

8.46 (3.08) 8.96 (3.41) 0.596*

Classification of OPLL,
n (%)

Segmental 11 (45.83) 4 (16.67)

Continuous 3 (12.5) 6 (25)

Localized 7 (29.17) 0 (0)

Mixed 3 (12.5) 14 (58.33)

*Independent-samples t-test.
†Chi-squared test.
‡Fisher's exact test.
ADF, anterior decompression with fusion; COR, canal-occupying ratio;
DM, diabetes mellitus; JOA, Japanese Orthopaedic Association; OPLL,
ossification of the posterior longitudinal ligament; PLF, posterior
laminectomy with fusion; VAS, visual analogue scale.

Table II. Surgical outcomes.

Outcome ADF (n = 24) PLF (n = 24) p-value

Mean operating time,
mins (SD)

169.63 (24.82) 230.63 (45.04) < 0.001*

Mean intraoperative
blood loss, ml (SD)

231.25 (190.43) 411.25 (365.34) 0.038*

Mean postoperative
JOA score (SD)

14.58 (2.32) 12.38 (2.39) 0.002*

Mean JOA RR, % (SD) 70.90 (26.91) 42.78 (16.62) < 0.001*

JOA RR outcome:
excellent and good/
fairly good and poor,
n

17/7 10/14 0.042†

Mean postoperative
VAS score (SD)

1.75 (0.68) 1.96 (0.95) 0.387*

Mean VAS score
reduction (SD)

2.04 (1.04) 2.17 (1.37) 0.724*

Mean length of
hospital stay, days
(SD)

8.46 (5.57) 10.00 (8.93) 0.477*

*Independent-samples t-test.
†Chi-squared test.
ADF, anterior decompression with fusion; PLF, posterior laminectomy
with fusion; JOA, Japanese Orthopaedic Association; RR, recovery rate;
VAS, visual analogue scale.
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neurological prognosis of OPLL patients, although ADF is
superior to PLF in this respect.

Postoperative neck pain was significantly lower than
the preoperative baseline value in both ADF and PLF groups
(both p < 0.001), showing no significant difference between
the two groups (p = 0.387). Injury to the cervical paraspi-
nal muscles after posterior approach cervical spine surgery
may lead to postoperative axial neck pain. Some short-term
studies reported that postoperative pain after posterior
approach surgery was significantly higher than that after
ADF.17 However, according to our long-term follow-up result,
this progressive improvement in pain tended to be compara-
ble to anterior cervical surgery and significantly better than
preoperatively. This is mainly because most PLF patients who
were included in our study underwent laminectomy and C3-6
internal fixation with submerged decompression below the C2
and C7 plates. This surgical method avoids causing damage to
the cervical muscles in C2 and C7 areas, without affecting the
thoracic spine.

Another advantage of ADF over PLF is the shorter
operating time (p < 0.001) and less intraoperative blood loss
(p = 0.038). This may be because anterior approach surgery
requires less time to expose the surgical site and suture than
the posterior approach, and the intraoperative bleeding is
significantly lower due to less muscle damage. The mean
length of hospital stay in the ADF group was shorter than
that in the PLF group, but without a statistically significant
difference (p = 0.477).

A disadvantage of ADF is the relatively high perioper-
ative complication rate compared with PLF (p = 0.120). A
2011 systematic review also reported a higher rate of anterior
complications compared to posterior surgery.29 In the present
study, CSF leakage was the most common complication in
the ADF group. This is primarily because approximately 13%
to 15% of OPLL lesions are adherent to the dural sac.23,30

Intraoperative resection of the ossified material may result in
CSF leakage due to dural sac injury. CSF leakage recovered
in all cases after application of an artificial spinal dura and
postoperative compression dressing; there was no CSF leakage

in the PLF group. No intraspinal infection occurred, nor was
secondary surgery performed in any case. Hoarseness may
be related to laryngeal nerve or tracheal traction irritation.
Postoperative hoarseness in two patients improved within
three months naturally. Postoperative infection in one patient
from the PLF group recovered after conservative treatment.
The number of C5 palsy cases after PLF was higher than that
after ADF, but the exact mechanism is unclear. All patients
with C5 palsy recovered within two years postoperatively. The
occurrence of complications did not affect patients’ neurolog-
ical recovery, nor did it significantly increase the length of
hospital stay or postoperative patient satisfaction, although
it is important to minimize and avoid these complications
in ADF surgery. ADF may induce postoperative oedema of
the retropharyngeal tissues, leading to severe dysphagia and
respiratory complications.31 PLF may prove to be a preferable
option for elderly patients, patients who receive multisegmen-
tal surgery, patients with comorbid respiratory disorders, and
smokers.17

The present study has some limitations. First, it is a
retrospective observational study that compared the clinical
outcomes after ADF and PLF without a randomized group,
which may lead to some selective bias. Larger multicentre
prospective randomized studies are required to eliminate this
bias. In addition, it is not possible to exclude the impact of
different surgeons on the overall outcome, since surgery was
performed by multiple surgeons during the > ten-year period,
despite the highly standardized surgical procedures in our
institution.

Despite these limitations, we believe that this is one of
the longest follow-up case studies, covering a mean follow-up
period of 12.11 years, which is rarely seen in cervical OPLL
surgical research.

Both ADF and PLF have been demonstrated as
effective approaches in improving long-term postoperative
neurological function in OPLL patients. ADF may provide
better neurological recovery compared with PLF, especially in

Table III. Surgical outcomes stratified by canal-occupying ratio.

Characteristic

Mean
preoperative
JOA score (SD)

Mean postoper‐
ative JOA score
(SD)

Mean JOA RR
(SD)

COR < 50%

ADF (n = 15) 9.07 (3.01) 15.13 (1.85) 73.14 (27.53)

PLF (n = 9) 8 (4.09) 11.89 (3.06) 45.04 (16.27)

p-value 0.470* 0.004* 0.011*

COR ≥ 50%

ADF (n = 9) 7.44 (3.09) 13.67 (2.83) 67.17 (27.02)

PLF (n = 15) 9.53 (2.92) 12.67 (1.95) 41.43 (17.24)

p-value 0.111* 0.316* 0.009*

*Independent-samples t-test.
ADF, anterior decompression with fusion; COR, canal-occupying ratio;
JOA, Japanese Orthopaedic Association; PLF, posterior laminectomy
with fusion; RR, recovery rate.

Table IV. Complications.

Complications, n (%) ADF (n = 24) PLF (n = 24) p-value

Total 10 (41.67) 5 (20.83) 0.120*

CSF leakage 3 (12.5) 0 0.234†

C5 palsy 1 (4.17) 4 (16.67) 0.348†

Hoarseness 2 (8.33) 0 0.489†

IF dislodgement or
subsidence 2 (8.33) 0 0.489†

Haematoma 1 (4.17) 0 > 0.999†

Dysphagia 1 (4.17) 0 > 0.999†

Infection 0 1 (4.17) > 0.999

Neurological deterioration 0 0 -

Vertebral artery injury 0 0 -

*Chi-squared test.
†Fisher's exact test.
ADF, anterior decompression with fusion; PLF, posterior laminectomy
with fusion; CSF, cerebrospinal fluid; IF, internal fixation.
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patients with COR ≥ 50%. The incidence of postoperative neck
pain is comparable between ADF and PLF. The perioperative
complication rate in the ADF group was higher than that in
the PLF group, although the difference was not statistically
significant. All these results indicate that ADF is superior to PLF
for the treatment of OPLL patients with neurological symp-
toms, while PDF may prove preferable for patients who are
at high risk of anterior-related complications. Further larger-
scale and multicentre prospective randomized studies are still
needed to verify the findings and conclusion of the present
study.
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