
Anterior cervical discectomy and fusion (ACDF) has be-
come one of the most frequently performed surgical tech-

niques for the management of symptomatic cervical disc 
herniation. Since introduced by Smith and Robinson,1) it 
has been regarded as the standard of care for the surgical 
treatment of cervical degenerative diseases. One of the 
advantages of ACDF for the treatment of cervical radicu-
lopathy is that it allows for additional indirect decompres-
sion of the uncovertebral joint through distraction of the 
intervertebral disc space after full discectomy. Restoration 
of intervertebral disc height using a large intervertebral 
graft during ACDF can lead to indirect decompression of 

Radiological Assessment of the Effects of Anterior 
Cervical Discectomy and Fusion on Distraction of 
the Posterior Ligamentum Flavum in Patients with 

Degenerative Cervical Spines
Byung-Wan Choi, MD, Min Sung Choi, MD, Han Chang, MD*

Department of Orthopedic Surgery, Inje University Haeundae Paik Hospital, Inje University College of Medicine, Busan, 
*Department of Orthopedic Surgery, Busan Korea Hospital, Busan, Korea

Background: This study aimed to assess the effects of anterior cervical discectomy and fusion (ACDF) on distraction of the poste-
rior ligamentum flavum (LF) by increasing the intervertebral disc height and positioning a graft in patients with degenerative cervi-
cal spine disease.
Methods: Sixty-eight patients with degenerative cervical diseases who underwent single-level ACDF were included in the analy-
sis. The intervertebral disc height, Cobb angle, and transverse thickness of the LF were measured, and magnetic resonance imaging 
was performed both preoperatively and 6 weeks postoperatively on each patient. Correlation analyses were performed to evaluate 
the relationships between age, sex, change in intervertebral disc height, Cobb angle, and position of the intervertebral implant ac-
cording to the postoperative change in LF thickness. The position of the intervertebral implant was categorized as anterior, middle, 
or posterior. We also evaluated radiological effects according to the implant position.
Results: The mean intervertebral disc height increased from 5.88 mm preoperatively to 7.49 mm postoperatively. The Cobb angle 
was 0.88° preoperatively and 1.43° postoperatively. Age (p = 0.551), sex (p = 0.348), position of cage (p = 0.312), pre- and post-
operative intervertebral disc height (p = 0.850, p = 0.900), Cobb angle (p = 0.977, p = 0.460), and LF thickness (p = 0.060, p = 1.00) 
were not related to changes in postoperative LF thickness. Postoperative increase in disc height was related to Cobb angle (r = 0.351, 
p = 0.038). No other factors were significantly related. The position of the cage was not related with the change of Cobb angle (p = 
0.91), LF thickness (p = 0.31), or disc height (p = 0.54).
Conclusions: Change in the intervertebral disc height and the position of the intervertebral implant after ACDF did not affect the 
thickness of the LF after surgery in patients with degenerative cervical spine disease. 
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foraminal stenosis.2-4) In lumbar spinal stenosis, indirect 
decompression of the spinal canal can be achieved with 
anterior decompression and fusion by stretching the yel-
low ligament using a large cage;5,6) however, no studies 
have evaluated the relationship between anterior distrac-
tion and posterior indirect decompression in patients with 
central cervical stenosis. This study therefore aimed to 
assess the effects of ACDF on distraction of the posterior 
ligamentum flavum (LF) by increasing the intervertebral 
disc height and positioning a graft in patients with degen-
erative cervical spine disease.

METHODS
After obtaining approval from the Institutional Review 
Board of Haeundae Paik Hospital (IRB No. 2019-08-111-
009), we retrospectively reviewed 68 patients diagnosed 
with degenerative cervical disease who had undergone 
single-level ACDF using an allograft and additional plate 
fixation between January 2017 and January 2019. Written 
informed consents were obtained. Surgical procedures 
were performed by a single surgeon (HC) at a single in-
stitution. An independent surgeon (BWC), who was not 
involved in the diagnosis and treatment of the patients, 
analyzed the data. We excluded (1) patients with less than 
1-year follow-up, (2) non-degenerative cases such as trau-
ma, infection, or tumorous conditions, and (3) revision 
cases and adjacent level disease. 

Operative Technique
Patients were operated in the supine position under gener-
al anesthesia. Using the usual Smith–Robinson approach, 
the anterior vertebral body and disc space were exposed; 
after complete decompression by removing the osteo-
phytes and disc materials, the endplate cartilage was de-
tached with a curette and a high speed burr until bleeding 
was noted. After trials, we press-fitted appropriate inter-
vertebral spacers with intervertebral allografts. Additional 
plate fixation was performed using fixed plating (Atlantis 
Anterior Cervical Plate System; Medtronic, North Haven, 
CT, USA). A Philadelphia cervical orthosis was applied for 
6 weeks after operation.

Data Analysis 
Demographic data including age, sex, and diagnosis at op-
eration were collected. Magnetic resonance imaging was 
performed both preoperatively and 6 weeks postopera-
tively in every case. 

Evaluation Criteria
We measured the intervertebral disc height, segmental 
Cobb angle, and transverse thickness of LF preoperatively 
and 6 weeks postoperatively using T2-weighted imaging 
(Fig. 1). Segmental Cobb angles were measured between 
the end plates from cranial to caudal end plates, which 
were subject to surgery. If there is an osteophyte of the 
involved vertebra, we measured the base at the center of 
end plates. Transverse thickness of LF was measured in 
the central area perpendicular to the running direction of 
LF and the thickest length was taken as the measurement 
value. All measurements were undertaken using a picture 
archiving communication system (Marosis M-view; In-
finitt, Seoul, Korea). 

We categorized patients according to the change 
in LF thickness: group A (no change, less than 0.1 mm), 
group B (decreased thickness, more than 0.1 mm), and 
group C (increased thickness, more than 0.1 mm). The 
position of the intervertebral implant was categorized as 
anterior, middle, or posterior.7) We also evaluated the ra-
diological results according to the implant position. 

Statistical Analysis
Statistical analyses were done using SPSS ver. 17.0 (SPSS 
Inc., Chicago, IL, USA). Correlation analyses were per-
formed to evaluate the relationships between age, sex, 
change in intervertebral disc height, Cobb angle, and posi-
tion of intervertebral implant according to the postopera-
tive change in LF thickness. Analysis of variance or the chi-
square test was performed as appropriate according to the 
group. Turkey’s test was used for post hoc analysis. A p < 

Fig. 1. Radiological parameters. a: Cobb angle, b: intervertebral disc 
height, c: transverse thickness of the ligamentum flavum.
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0.05 was considered to indicate statistical significance. 

RESULTS
The mean age of the patients was 51.67 years, and there 
were 49 men and 19 women. According to the diagnosis at 
the time of surgery, 35 patients had cervical radiculopathy 
and 33 had myelopathy. There were 3 cases involving C3-
4, 11 cases involving C4-5, 36 cases involving C5-6, and 18 
cases involving C6-7. 

The mean intervertebral disc height increased from 
5.88 ± 0.86 mm preoperatively to 7.49 ± 0.94 mm postop-
eratively. The Cobb angle was 0.88° (± 2.63°) preoperative-
ly and 1.43° (± 2.67°) postoperatively. The mean thickness 
of LF decreased from 2.31 mm (± 0.76 mm) preoperatively 
to 2.2 mm (± 0.73 mm) mm postoperatively.

Patients were categorized according to the change 
in LF thickness after operation: group A (no change, n = 41), 
group B (decreased thickness, n = 20), and group C (increased 
thickness, n = 7). When analyzed according to group, age (p = 
0.551), sex (p = 0.348), position of cage (p = 0.312), pre- and 
postoperative intervertebral disc height (p = 0.850, p = 0.900), 
Cobb angle (p = 0.977, p = 0.460), and LF thickness (p = 0.060, 
p = 1.00) were not related to changes in postoperative LF 
thickness. Postoperative increases in disc height were 
related to Cobb angle (r = 0.351, p = 0.038); no other fac-
tors were significantly related (Table 1). On the post hoc 
analysis, there was no significant difference between three 
groups in Turkey’s post hoc test. 

When we evaluated each case according to the posi-
tion of the cage, the anterior, middle, and posterior posi-

tions represented 39, 27, and 2 cases, respectively. Anterior 
positioning of the cage was shown to increase disc height 
(p = 0.54), decrease the Cobb angle (p = 0.91), and decrease LF 
thickness (p = 0.31); however, none of these findings were sta-
tistically significant (Table 2). On the post hoc analysis, there 
was also no significant difference according to the position 
of cage in Turkey’s post hoc test. 

DISCUSSION
Surgical management of neurological symptoms in spinal 
disease can be accomplished by decompression of com-
pressed neural elements related with preoperative symp-
toms. There are two ways of decompression methods; 
direct and indirect decompression techniques.4) Direct 
decompression can be achieved by removing the com-
pressed bone, ligaments, and disc material.8) However, 
severe complications such as spinal cord injury, nerve root 
injury, and dural tear can occur during the procedure. 
And a procedure near the spinal cord and nerve root can 
lead to epidural hematoma and epidural fibrosis.9-12) Con-
versely, indirect decompression techniques allow for more 
safe decompression of neural tissue without resection of 
compressing tissue and manipulation of neural elements. 
An indirect decompression procedure performed with the 
main purpose of distracting the intervertebral space results 
in widened neural foramen and central epidural space. It 
also can be done by using posterior spinal instrumentation 
or by directly widening the disc space using a huge inter-
vertebral graft.4)

In the cervical spine, indirect decompression is 
performed using ACDF; restoring disc height by a large 
intervertebral graft expands the diameter of the foramen, 
leads to decompression of the nerve root, and relieves 
the radicular pain.13) When the implanted graft height is 
larger, distraction in the spinal canal and neural foramen 
can theoretically increase. Albert et al.14) reported an av-

Table 1. Correlation Analysis According to Changed Value after 
Operation

Variable Change of 
disc height

Change of 
Cobb angle

Change of  
LF thickness

Change of disc height

   Pearson ratio 1 0.351 0.150

   p-value 0.038 0.221

Change of Cobb angle

   Pearson ratio 1 0.193

   p-value 0.115

Change of LF thickness

   Pearson ratio 1

   p-value

LF: ligamentum flavum.

Table 2. Radiological Result According to the Position of Interver-
tebral Cage

Variable Change of 
disc height

Change of 
Cobb angle

Change of  
LF thickness

Anterior position 1.69 ± 0.98  0.68 ± 3.67  1.8 ± 0.81

Middle position 1.54 ± 1.07  0.41 ± 3.30 0.09 ± 0.55

Posterior position 0.93 ± 0.65 –0.15 ± 0.21 0.05 ± 0.50

p-value 0.54 0.91 0.31

Values are presented as mean ± standard deviation.
LF: ligamentum flavum.
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erage foraminal area increase of 33% after ACDF. An et 
al.15) also showed the foraminal cross-sectional area in the 
cervical spine was increased during ACDF by increasing 
the interbody graft height using cadaveric spines and com-
puted tomographic analysis. The increase in the foraminal 
cross-sectional area represents the increased space for the 
existing nerve root; it may result in improved vascular 
supply and relieves direct compression on an already com-
promised nerve. By contrast, subsidence of the interbody 
graft during the follow-up has an adverse effect on the 
maintenance of indirect decompression effect. Fujibayashi 
et al.16) compared clinical and radiological outcomes be-
tween the stand-alone interbody cage and autologous iliac 
bone grafting with an anterior plate. Although the clinical 
results did not differ, the cage-treated group showed a high 
incidence of cage subsidence and loss of acquired align-
ment; thus, plating may prevent subsidence and kyphotic 
change. 

Indirect spinal canal decompression can be achieved 
by reduction of disc bulging and elongation of the hyper-
trophied LF through the restoration of disc height, espe-
cially in the lumbar spine. Recently developed anterior 
retroperitoneal fusion using a transpsoas and anteropsoas 
procedure is being increasingly used in lumbar pathology. 
Oliveira et al.17) described that substantial dimensional 
improvement was evidenced by a 13.5%, 24.7%, and 33.1% 
increase in foraminal height, foraminal area, and central 
canal diameter, respectively. Kepler et al.18) also reported 
improvement of the foraminal area by as much as 35% 
in degenerative foraminal stenosis using extreme lateral 
interbody fusion (XLIF). The oblique lateral interbody 
fusion procedure was introduced more recently and has 
several theoretical advantages over the XLIF procedure, 
which include less invasion of the psoas muscle and lum-
bar plexus, a decreased need for neuromonitoring, and 
access to the L4–5 level with a high-riding pelvis, as well 
as the L5–S1 level.19) These lateral lumbar interbody fusion 
technique has proven effective, allowing for indirect de-
compression of the lumbar spine and relieving the symp-
toms of lumbar spinal stenosis. Sato et al.20) also showed 
significant increases in the spinal canal (19%) and inter-
vertebral foramen (21%–39%) areas. Similar concepts are 
possible in the cervical spine. Bayley et al.21) also reported 
similar results through a cadaver study. They concluded 
that anterior discectomy and distraction with strut graft 
can significantly improve the space available for the cord 
and foraminotomy, which carries the risk of iatrogenic 
injury to the cord, but may not always be necessary for im-
proving clinical radiculopathy and myelopathy. However, 
overdistraction in the cervical spine can lead to adverse ef-

fects. Taghvaei et al.22) reported neurological deterioration 
after an anterior cervical discectomy due to LF buckling. 
LF buckling should therefore be considered as a potential 
cause of acute neurologic deterioration after ACDF. Over-
distraction by inserting a large graft material was generally 
considered to lead to postoperative neck pain because of 
posterior facet joint distraction or posterior neck muscle 
spasm. However, Chang et al.23) reported that an increase 
in the intervertebral space or interfacet distance by the 
insertion of a large graft material while performing ACDF 
for the treatment of degenerative cervical disease was not 
related with the change in visual analog scale scores for 
neck and arm pain and Neck Disability Index scores post-
operatively and during the follow-up period. 

The position of a cage in the disc space may be an 
important factor for cage subsidence in cervical ACDF.7) 
According to the instruction manual for rectangular cage 
devices, anterior placement is recommended. Mende et al. 
evaluated the position of the cage and its effect on subsid-
ence and radiological findings.24) Cage placement in the 
sagittal plane showed characteristic subsidence patterns 
for certain positions; subsidence occurred most often for 
posteriorly implanted cages, and cages implanted at the 
anterior position showed a kyphotic subsidence pattern 
similar to 31.8% of all anteriorly placed and 31.1% of all 
centrally placed and subsided cages. Our results showed 
that the anterior position of the cage led to a more lordotic 
curve, while LF thickness was decreased; however, we 
could not find a statistical significance. 

This is the only report to evaluate LF changes after 
ACDF. Although we can imagine the positive effect of in-
direct decompression on distraction of the LF by distract-
ing the disc space, unfortunately, there was no previous 
effort to evaluate this.

We assessed the effects of ACDF on distraction 
of the posterior LF by increasing the intervertebral disc 
height and positioning a graft in patients with degenerative 
cervical spine disease. Our results showed that changes in 
intervertebral disc height or position of the intervertebral 
implant after ACDF did not affect the thickness of the LF 
after surgery in patients with degenerative cervical spine 
disease. Even though ACDF is still effective for foraminal 
indirect decompression by distracting the intervertebral 
disc height, there was a limitation for central cervical ste-
nosis. 

The limitation of this study is that clinical analysis 
was not possible due to the small number of cases; addi-
tionally, diverse pathological conditions were included in 
the analysis. According to our results, indirect decompres-
sion by distracting the LF was possible, while the clinical 
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effect was minimal. This is the first analysis of the effect 
of ACDF on the thickness of the LF after surgery. The at-
tempt itself was meaningful, and further, well-designed 
prospective analyses would provide more accurate infor-
mation. The change in the intervertebral disc height and 
position of the intervertebral implant did not affect the 
thickness of the LF after ACDF in patients with degenera-
tive cervical spine disease.
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