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Abstract

Background: The concept of generous decompression, including resection of the posterior longitudinal ligament
(PLL) and even partial bilateral uncovertebral joint resection, has been adopted by some authors. This was justified
by the need to remove compressive structures hidden underneath and to prevent nerve root impingement during
extreme flexion/extension or rotation. This study was designed to assess the benefits of PLL resection as a routine
step in anterior cervical discectomy and fusion (ACDF) surgeries and to find out if there is any added risk of such a
procedure that overweighs its benefits.

Methods: This is a retrospective study conducted on 50 patients who underwent ACDF for treatment of
degenerative cervical intervertebral disc disease with microscopic resection of the posterior longitudinal ligament.

Results: There were 31 (62%) males and 19 (38%) females. Age ranged from 22 to 69 years with a mean age of
47.32 years. A total of 83 disc levels were operated upon with a mean of 1.66 levels per patient. Analysis of the
obtained data showed a statistically significant difference between the preoperative and both early and late
postoperative VAS (p value < 0.001 for both). Moreover, there was a statistically significant difference between
early and late postoperative VAS with a p value < 0.001. For axial neck pain, similar results could be
demonstrated. Regarding motor function of related nerve roots, there was a statistically significant improvement
in preoperative motor power grade values that can be demonstrated when compared with both the early and
late postoperative grade values (3.96 ± 0.638, 4.34 ± 0.557, and 4.88 ± 0.328 respectively).

Conclusions: Despite being an additional step in ACDF surgery, resection of the PLL does not seem to add
significant surgical risk. On the other hand, it had a positive impact on outcome regarding axial and radicular
pain. So, it may be advisable to attempt resection of the PLL as a routine step in ACDF surgery.
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Background
Spondylotic disease of the cervical spine is considered a
well-known cause of neurological dysfunction. Hernia-
tion of intervertebral disc, osteophytosis, facet joints
hypertrophy, and ligamentous thickening are docu-
mented pathological changes. The affected individuals
are usually asymptomatic. However, 10–15% of cases
may become symptomatic secondary to spinal cord and/
or nerve root compression [1].
Anterior cervical discectomy with fusion (ACDF) was

introduced in the 1958 by Cloward and by Smith and

Robinson in early 1960s [1]. Since then, ACDF has been
considered one of the most common surgical procedures
in spinal surgery and a standard treatment for cervical
radiculopathy and/or myelopathy [2]. In comparison to
posterior approaches, ACDF has the advantages of being
easier to perform allowing a wider exposure of the disc
space together with less patient discomfort [3]. However,
a rate of complications ranging from 8 to 20% has been
reported, mostly attributed to the surgical approach and
surgical corridor (such as dysphagia, voice changes,
hematoma, and recurrent laryngeal nerve palsy) [4].
Anatomically, the posterior longitudinal ligament

(PLL) lies on the posterior aspect of the vertebral bodies
(Fig. 1). It is formed of two layers of fibrous tissue with
the deep one sending fibers to the annulus fibrosus.
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Laterally, it continues as a tough membrane that lines
the intervertebral foramen and ends by merging with the
anterior longitudinal ligament (ALL) at the anterior aspect
of the foramen [5]. Being broader at the cervical region,
the PLL becomes even more broader at the areas attached
to the intervertebral discs and adjacent vertebral body
where superficial and deep layers become inseparable [6].
Additionally, the PLL is a very tough structure that seldom
ruptures. On the other hand, it is not uncommon that the
annulus fibrosus ruptures resulting in fragments of nu-
cleus pulposus that can be extruded out at the vertebral
rim and get beneath the PLL [7].
The concept of generous decompression, including re-

section of the posterior longitudinal ligament (PLL) and
even partial bilateral uncovertebral joints resection, has
been adopted by some authors. This was justified by the
need to remove compressive structures hidden under-
neath and to prevent nerve roots impingement during
extreme flexion/extension or rotation [8]. It is also to be
mentioned that none of the authors had any competing
interests regarding the current study.

Aim of the study
This study was designed to assess for benefits of PLL re-
section as a routine step in ACDF surgeries and to find
out if there is any added risk of such procedure that
overweighs its benefits.

Methods
This is a retrospective study conducted on 50 patients
who underwent ACDF for treatment of degenerative cer-
vical intervertebral disc disease operated upon at Ain
Shams University hospitals from January 2008 to
February 2017.
An approval from the research ethics committee of the

Faculty of Medicine at Ain Shams University (reference
number: FWA 00006444) was obtained. Furthermore,

being a retrospective study, patients’ consents for partici-
pation and for publication were not applicable.
Additionally, each one of the co-authors had neither a

financial nor a non-financial competing interest to
report.
All disc levels were included down from C2–3 level to

C6–7 disc level, and patients having multilevel disc
disease were also included. All of the included patients
failed to show satisfactory improvement on nonsurgical
treatment modalities or had progressive neurological
deficits. On the other hand, patients having traumatic,
neoplastic, or inflammatory pathologies were excluded.
In addition, patients having ossification of posterior lon-
gitudinal ligament (OPLL) were also excluded. Moreover,
patients with evident instability on plain radiographs
were excluded.
A thorough review of the preoperative clinical and

radiological data for all enrolled patients was performed.
Clinically, radicular and long tracts' motor and sensory
functions were documented. Visual analogue scores
(VAS) were viewed for assessment of radicular and axial
neck pains. Radiological assessment included plain
radiographs (antero-posterior, lateral, and dynamic
views) and magnetic resonance images (MRI). Moreover,
a thin cut computerized tomography (CT) scan was
ordered in certain situations to assess for bony anatomy
or to exclude other pathologies as OPLL.
A standard microscopic anterior cervical discectomy

was performed according to the Smith-Robison tech-
nique [9]. Adequate removal of posterior osteophytes
was routinely attempted using high-speed drill, curettes,
and kerrison bone rongeurs. In each one of the operated
levels, the PLL was identified and dissected from the
underlying dura and epidural membrane using micro-
curettes and blunt-ended hooks. The PLL was then
resected using kerrison bone rongeurs of 1 and/or 2 mm
size until the dura is clearly exposed from one interver-
tebral foramen to the other (Fig. 2). In the vast majority

Fig. 1 A cadaveric cross section of the cervical spinal canal. The white arrow denotes the connection between the superficial layer of the PLL and
the dura [5]
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of cases, the dura could be easily dissected from the
overlying PLL once the proper plane is entered. How-
ever, in a few number of cases, attempts to completely sep-
arate the PLL from the underlying dura were apparently
unsafe and an island of the adherent PLL had to be left in
place after separating it from the surrounding tissues and
minimizing its thickness as much as possible. Troublesome
epidural bleeding was sometimes encountered and was ad-
equately controlled by gentle compression using a cotto-
noid patty and/or temporary use of a hemostatic agent.
Polyetheretherketone (PEEK) cage filled with a synthetic
bone graft substitutes was always used for fusion.
The postoperative clinical data were analyzed for

assessment of changes in the initial data and for any
procedure-related complications. Additionally, postoper-
ative plain radiographs were viewed to check for proper
disc space distraction and cage position. Postoperative
assessment was routinely carried out immediately post-
operative (within the first 48 h prior to patient
discharge), at 2 weeks interval and after 3 months. How-
ever, only the data from the immediate (considered early
postoperative) and the 3 months (considered late post-
operative) interval assessments were included in the
current study.

Statistical analysis
Collected data were expressed as mean ± standard devi-
ation and range and compared via the paired student t
test using SOFA statistics version 1.3.3 software.

Results
Out of the 50 patients enrolled in the current study,
there were 31 (62%) males and 19 (38%) females.
Age ranged from 22 to 69 years with a mean age of
47.32 years (Additional file 1). A total of 83 disc
levels were operated upon with a mean of 1.66 levels

per patient. A single level was operated in 25 pa-
tients (50%) while 17 patients (34%) had double-level
surgery and 8 patients (16%) had triple-level surgery.
The most frequently operated level was 5–6 disc
level (n = 33) followed by 3–4 disc level (n = 18), 6–7
level (n = 17), and 4–5 level (n = 15). The mean pre-
operative, early postoperative, and late postoperative
VAS for radicular pain values are illustrated in
Table 1. Analysis of such data showed a statistically
significant difference between the preoperative and both
early and late postoperative VAS (p value < 0.001 for
both). Moreover, there was a statistically significant
difference between early and late postoperative VAS
with a p value < 0.001.
Moreover, analysis of preoperative, early postoperative,

and late postoperative VAS for axial neck pain values
showed a statistically significant difference between pre-
operative and early postoperative, preoperative and late
postoperative, and between early and late postoperative
values with a p value < 0.001 for each comparison.
Table 2 illustrates different data for axial neck pain.

Fig. 2 Intraoperative photograph before (left) and after (right) resection of the PLL

Table 1 Comparison between different values of VAS for
radicular pain

Min Max Mean ± Std Dev 95% CI p value

Preoperative VAS for
radicular pain vs early
postoperative VAS
for radicular pain

5.0 10.0 7.74 ± 1.31 7.378–8.102 < 0.001

1.0 5.0 2.36 ± 0.90 2.111–2.609

Preoperative VAS for
radicular pain vs late
postoperative VAS
for radicular pain

5.0 10.0 7.74 ± 1.31 7.378–8.102 < 0.001

0.0 3.0 0.56 ± 0.79 0.342–0.778

Early postoperative
VAS for radicular
pain vs late
postoperative VAS
for radicular pain

1.0 5.0 2.36 ± 0.90 2.111–2.609 < 0.001

0.0 3.0 0.56 ± 0.79 0.342–0.778
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Regarding motor function of related nerve roots, the
whole patient population showed no postoperative de-
terioration in pertinent root value power grades. On the
other hand, there was a statistically significant improve-
ment in preoperative motor power grade values that can
be demonstrated when compared with both the early
and late postoperative grade values (Tables 3 and 4 re-
spectively). Figure 3 is a chart that illustrates different
motor power grade values at preoperative, early postop-
erative, and late postoperative assessments.
Fortunately, accidental dural injury complicated with

either intraoperative or postoperative cerebrospinal fluid
leakage was not encountered in any case. Moreover,
symptomatic epidural hematoma necessitating further
management was not documented for any of the in-
cluded patients. Superficial wound infection complicated
two (4%) surgeries and was adequately controlled by
local wound care and systemic antibiotics with no long-
term sequelae of such incidents.

Discussion
From the aforementioned results, it can be hypothesized
that despite having an additional surgical maneuver in
dissection and resection of the PLL, there was no signifi-
cant added risk. Furthermore, a satisfactory clinical patient
outcome could be achieved as demonstrated by compari-
son between patients’ preoperative and postoperative data.

In addition, there were no mortalities recorded related to
surgeries.
In their study for the functional outcome of ACDF for

a single-level cervical disc disease, Kamani et al. [1]
reported that the age group which was most commonly
affected was between 40 and 50 years in our study
and this was comparable to our results (mean age of
47.32 ± 9.23 years). Additionally, both our and their
studies agreed on male predominance and on that 5–6
disc level was the most common level operated upon.
Adogwa et al. [4] compared microscopic to non-

microscopic anterior cervical discectomies. In comparison
to their microscopic arm of 59 patients, the results of our
study were comparable regarding age (54.50 ± 13.29) and
male predominance (52.54%). Regarding axial neck pain,
they reported a preoperative mean VAS of 4.85 ± 2.93
compared to 7.44 ± 0.951 in the current study. However,
the 3 months postoperative VAS for axial neck pain was
higher in their study (2.88 ± 2.92 versus 1.34 ± 0.717).
They also reported no incidents of nerve root injury nor
accidental durotomy.
Lin and coworkers [10] studied the effect of PLL resec-

tion in ACDF surgery on disc-associating axial pain.
They had a preoperative VAS for axial neck pain of 6.06
± 0.61 and a postoperative VAS for axial neck pain of 3.
15 ± 0.63, and they concluded that intervertebral PLL
can be considered the origin of such pain.
In a study on long-term results of ACDF conducted by

Kim et al. [11], it was reported that the preoperative
mean VAS for radicular and axial neck pain for non-
cage subsidence patients (n = 61) is 7.30 ± 2.36 and 6.23
± 3.05, respectively, compared to 7.74 ± 1.31 and 7.44 ±
0.951 in the current study. Indeed, they had a longer
follow-up period, but the postoperative results of the
same parameters were better in our results (2.06 ± 1.95
versus 0.56 ± 0.79 for radicular pain and 1.35 ± 1.22 ver-
sus 1.34 ± 0.717 for axial neck pain). The difference was
more evident for the radicular pain, and this can be ex-
plained by a presumably more generous foramenotomy
that can be guaranteed after resection of the PLL.
In a meta-analysis for the prevalence of complications

after surgery in treatment for cervical compressive
myelopathy, Wang et al. [12] reported a 5.3% incidence
rate for C5 nerve root injury, a 1.9% incidence of

Table 2 Comparison between different values of VAS for axial
neck pain

Min Max Mean ± Std
Dev

95% CI p value

Preoperative VAS for
axial neck pain vs early
postoperative VAS for
axial neck pain

6.0 9.0 7.44 ± 0.951 7.176–7.704 < 0.001

2.0 6.0 3.96 ± 0.90 3.648–4.272

Preoperative VAS
for axial neck
pain vs late
postoperative VAS
for axial neck pain

6.0 9.0 7.44 ± 0.951 7.176–7.704 < 0.001

0.0 3.0 1.34 ± 0.717 1.141–1.539

Early postoperative
VAS for axial neck
pain vs late postoperative
VAS for axial neck pain

2.0 6.0 3.96 ± 0.90 3.648–4.272 < 0.001

0.0 3.0 1.34 ± 0.717 1.141–1.539

Table 3 Comparison between preoperative and early
postoperative values of radicular motor power

N Mean ± standard
deviation

95% CI

Preoperative radicular
motor power

50 3.96 ± 0.638 3.783–4.137

Early postoperative
radicular motor power

50 4.34 ± 0.557 4.186–4.494

p value < 0.001

Table 4 Comparison between preoperative and late
postoperative values of radicular motor power

N Mean ± standard
deviation

95% CI

Preoperative radicular
motor power

50 3.96 ± 0.638 3.783–4.137

Late postoperative
radicular motor power

50 4.88 ± 0.328 4.789–4.971

p value < 0.001
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cerebrospinal fluid leak, a 2.8% infection rate, and a 1.
1% incidence rate for development of epidural
hematoma. In the current study, the radicular motor
function improved significantly (Tables 3 and 4) with
no clinical evidence of nerve root injury. Moreover,
there were no cases complicated with neither cerebro-
spinal fluid leak nor epidural hematoma and the super-
ficial infection rate was 4%.
The limitations of our study include its retrospective na-

ture, the lack of randomization, and the absence of data ne-
cessary for a comparison with a control group of patients.

Conclusions
Despite being an additional step in ACDF surgery, resec-
tion of the PLL does not seem to add significant surgical
risk. On the other hand, it had a positive impact on out-
come regarding axial and radicular pain. So, it may be
advisable to attempt resection of the PLL as a routine
step in ACDF surgery.

Additional file

Additional file 1: The excel file containing the data from the included
patients. (XLSX 13 kb)
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