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Objective : Surgical treatment of lumbosacral foraminal stenosis requires an understanding of the anatomy of the lumbosacral area in individual
patients. Unilateral facetectomy has been used to completely decompress entrapment of the L5 nerve root, followed in some patients by
posterior lumbar interbody fusion (PLIF) with stand-alone cages
Methods : We assessed 34 patients with lumbosacral foraminal stenosis who were treated with unilateral facetectomy and PLIF using stand-alone
cages in our center from January 2004 to September 2007. All the patients underwent follow-up X-rays, including a dynamic view, at 3, 6, 12, 24
months, and computed tomography (CT) at 24 months postoperatively. Clinical outcomes were analyzed with the mean numeric rating scale (NRS),
Oswestry Disability Index (ODI) and Odom’s criteria. Radiological outcomes were assessed with change of disc height, defined as the average of
anterior, middle, and posterior height in plain X-rays. In addition, lumbosacral fusion was also assessed with dynamic X-ray and CT.
Results : Mean NRS score, which was 9.29 prior to surgery, was 1.5 at 18 months after surgery. The decrease in NRS was statistically significant.
Excellent and good groups with regard to Odom’s criteria were 31 cases (91%) and three cases (9%) were fair. Pre-operative mean ODI of 28.4
decreased to 14.2 at post-operative 24 months. In 30 patients, a bone bridge on CT scan was identified. The change in disc height was 8.11 mm,
10.02 mm and 9.63 mm preoperatively, immediate postoperatively and at 24 months after surgery, respectively. 
Conclusion : In the treatment of lumbosacral foraminal stenosis, unilateral facetectomy and interbody fusion using expandable stand-alone
cages may be considered as one treatment option to maintain post-operative alignment and to obtain satisfactory clinical outcomes.
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INTRODUCTION

Surgical treatment of lumbosacral foraminal stenosis requires
understanding of individual anatomy of this area. The ana-
tomical uniqueness of this area has given us the use of several
different treatment options. Since the concept of L5 nerve
root entrapment was first introduced in 1925, various surgi-
cal methods have been attempted and good outcomes have
been reported9,12,13).

Foraminal root entrapment has been observed in 8-11% of
patients who have degenerative lumbar disease. Similar inci-

dence of L5 root entrapment by this pathology has been re-
ported and associated with clinical pain or claudication. Com-
plete facetectomy in the lumbosacral region allows full decom-
pression of the L5 nerve root, avoiding unintentional neural
injury. Although lumbosacral extraforaminal disc herniation
can be treated via the lateral approach, foraminal stenosis
caused by degenerative disc bulging offers a greater obstacle in
decompressing the nerve root avoiding facectectomy3,4).

The authors retrospectively reviewed the patients who had
lumbosacral foraminal stenosis and treated by unilateral
facetectomy, followed by posterior lumbar interbody fusion
(PLIF) using stand-alone cages. Although, there are many
different opinions in the manner of fusion after facetectomy,
our goals were the complete decompression of nerve root, re-
moval of offending lesion and elevation of disc height beca-
use persistent axial loading of the disc space after decompres-
sion may contribute to insufficiency. 
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MATERIALS AND METHODS

We assessed 34 patients with lumbosacral foraminal steno-
sis who were treated in our center from January 2004 to Sep-
tember 2007. Mean follow up period was 48 months and
minimally 24 months follow up was done. All patients pre-
sented with unilateral radiating leg pain, with or without back
pain, and all had symptoms unresponsive to a minimum of 3
months conservative treatment. Pre-operative magnetic reso-
nance (MR) imaging showed unilateral L5-S1 foraminal and
lateral recess stenosis in all patients.

Selection of patient included lumbosacral foraminal steno-
sis on MR image with correlating L5 radiculopathy and selec-
tive L5 root block of some patients who had vague symptom.
However, patients with significant instability on dynamic X-
ray, L5-S1 spondylolisthesis of more
than grade I and pure extraforaminal
disc were excluded (Fig. 1). The patients
consisted of 9 men and 25 women, and
mean age was 57.6 years (range, 37-76
years). Their pre-operative mean lum-
bosacral disc height was 8.11 mm, rang-
ing from 6.45 to 10.31 mm, indicating
severe narrowing of the disc space. 

All of these patients underwent sub-
total laminectomy and unilateral L5-
S1 facetectomy. After identifying L5
and S1 nerve roots, discectomy was
done in the usual manner. Then, bone
chips obtained in-vivo were inserted
into the disc space and two proper
sized cages filled with remaining local
bone were inserted and expanded un-
der fluoroscopy guidance (Fig. 2). On
the second day after operation, patients
were allowed to stand by themselves.
They were advised to keep lumbosacral
orthosis for 2 months after operation.

Patient medical records were review-
ed until 24 months following surgery,
with additional information obtained
from telephone interviews. All patients
underwent follow-up X-rays, including
a dynamic view, at 3, 6, 12, 24 mon-
ths, and computed tomography (CT)
at 24 months postoperatively. 

Clinical outcomes were analyzed
with the mean numeric rating scale
(NRS), Oswestry Disability Index
(ODI) and Odom’s criteria. Changes

in disc height defined as the average of anterior, middle and
posterior height on plain radiograph were assessed. All mea-
surements were performed pre- and post-operatively. Lum-
bosacral fusion was also assessed with dynamic X-ray and
CT. Fusion criteria included stability on dynamic view
(angular difference < 1°), absence of halo, and formation of a
contiguous bony bridge.

Statistical comparisons utilized the Wilcoxon signed rank
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Table 1. Patient demographics and clinical characteristics at baseline

PLIF (n = 34)

Mean age (range), years 57.6 (37-76)

Sex (M : F) 9 : 25

Facetectomy (left : right) 26 : 8

Smoker : Non-smoker 6 : 28

Follow up period (mean), months 24-70 (48)

A

A B

B

C

Fig.1. Pre-operative MRI. A : T2-weighted sagittal MR image, showing left L5-S1 foraminal stenosis and
disc height narrowing. B : T2-weighted axial MR image, showing a left L5-S1 neural foramen stenosis
(middle and exit zone), suspected of being an offending lesion. C : Pre-operative CT image showing left
L5-S1 foraminal narrowing and bony spur (arrow).

Fig. 2. Operative findings. A : Unilateral laminectomy and facetectomy to decompress the L5 nerve root
along the foramen. Following left unilateral facetectomy, an interbody fusion cage is observed in the disc
space. B : Decompression of the L5 and S1 roots (arrow).



test and the Mann-Whitney U test. 

RESULTS

Mean operation time was 137 minutes (122-197 minutes)
and estimated blood loss was 345 mL. Length of hospital
stay was 5.3 days (4-8 days).

Mean NRS score, which was 9.29 prior to surgery, was 1.5
at 18 months after surgery. The decrease of NRS showed
statistical significance. Excellent and good groups regarding
to Odom’s criteria were 31 cases (91%) and three cases (9%)
were fair. Three cases of the 34 patients complained of
recurrent pain (NRS > 5). However in three patients, imme-
diate relief of leg pain was seen postoperatively but subse-

quent back pain and leg pain relapsed after six months. Pre-
operative mean ODI was 28.4 changed to 14.2 twenty-four
months postoperatively (Table 2).

Bone bridging on CT scans were identified in 30 patients
and lumbosacral instability defined as movement over 1 de-
gree on dynamic radiograph was not found in any patient.
The actual fusion rate satisfying the above criteria was 88%.
There was no case of instability in any patient who could not
achieve fusion. The significant relationship between the clini-
cal outcome and fusion was not found in our results (Fig. 3).

Disc height changed from 8.11 mm preoperatively to 10.02
mm immediate postoperatively and to 9.63 mm at 24 months
following surgery. The height increase of clinically successful
group was statistically significant, but that of clinical failure

group was not significant (Table 3).
Cage subsidences (the difference be-

tween immediate post-operation and
post-operative 12 months > 0.5 mm)
were noted in ten patients. Two of these
patients were rated as fair and one other
was rated as good according to Odom’s
criteria.

Complication related to surgery, such
as infection, dura tear, and hematoma,
was not found, although post-operative
paresthesia of the leg were seen in five
patients and the duration was a maxi-
mum of six days. 

DISCUSSION

Foraminal stenosis has been estimat-
ed to occur in 8-11% of patients with
degenerative disc disease. At our me-
dical center, 11% of patients with over-
all degenerative lumbosacral disease
were diagnosed with foraminal steno-
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Table 2. Clinical results of PLIF with standalone cages for lumbosacral foraminal stenosis

Clinical outcomes Results

Mean operation time 137 minutes

Estimated blood loss 345 mL

Length of hospital stay 5.3 days

Odom’s criteria at post-operative 24 months Exellent : 10

Good : 21

Fair : 3

Poor : 0

NRS of Leg pain (pre-operation � post-operation 24 month) 9.29  � 1.5

ODI (pre-operation � post-operation 24 month) 28.4  � 14.2

Table 3. Clinical and radiological correlation of the lumbosacral PLIF surgery

PLIF (n = 34)

Fusion Fusion Non-fusion

Whole (n = 34) 30 4 88.2%

Clinical success group (n = 31) 29 2 93.5%

Clinical failure group (n = 3) 1 2 33.3%

Disc height (mm) Pre Op. Post Op. (24 Months) p value

Whole (n = 34) 8.11 (6.45-10.97) 9.63 (9.07-11.67) 0.002

Clinical success group (n = 31) 7.85 (6.45-10.45) 9.46 (9.07-11.45) 0.002

Clinical failure group (n = 3) 10.81 (9.50-10.97) 11.35 (10.39-11.67) 0.750

Wilcoxon signed rank test. Clinical Success Group : Excellent and Good in Odom’s criteria. Clinical Failure Group : Fair and
Poor in Odom’s criteria

A B

Fig. 3. Post-operative image. A : Post-operative 24-month-CT image showing a bony bridge indicative of fusion. B : Dynamic series showing no instability.



sis. Surgery is difficult because of the narrow surgical corridors,
although many surgical alternatives are available. A deep ana-
tomical understanding of the lumbosacral area can help to
determine the most appropriate surgical method for treatment
of lumbosacral foraminal stenosis.

In this anatomic area, as the isthmus of the lamina becomes
much wider at lower levels, the nerve roots must travel a longer
distance. Therefore, the L5 nerve root is particularly vulnerable
to compression in this tract3,4,11,14). In addition, many studies
have reported that this area is biomechanically stable and
iliolumbar ligament plays an important role in the stabili-
ty1,8,15).The iliolumbar ligament extends from the transverse
processes of L4 and L5 to the anteromedial side of the iliac
crest. The function of the iliolumbar ligament is involvement
in all directional motion. If this ligament were absent, the
range of motion in the lumbosacral junction would increase.

Foraminal stenosis can be classified according to its location,
such as at the entrance, middle, or exit zone. If root compres-
sion occurs exclusively at the entrance or exit zone, decompres-
sion via a medial or lateral approach may be sufficient12).
However, collapsed and bulging discs which occur frequently,
compress the L5 nerve root passage throughout the middle
zone. Therefore, it may be insufficient to decompress the
neural foramen from the medial or lateral direction. 

Decreased height of the lumbosacral disc and bulging are
also associated with an increased risk for root compression in
the middle zone. A normal structure, such as a transverse pro-
cess including the accessory process, the ala of the sacrum, and
the facet joint in the lumbosacral area, may be involved with
L5 root compression. The L5 accessory process is larger and
the distance between the transverse process and the facet joint
smaller than in the upper vertebrae11). Therefore, a degene-
rative disc with bulging and facet joint and ligament flavum
hypertrophy and bony spur can be easily offending lesions of
this area7,10). Therefore, we assumed that the an appropriate
treatment of this disease may consist of full decompression of
the L5 nerve root from proximal to distal via facetectomy and
elevation of the disc height by interbody fusion.

We used expandable, stand-alone cages for interbody
fusion; these achieved 88% fusion in our patients. This find-
ing agrees with the results of trials showing that stand-alone
cages contribute to the maintenance of stability2,6), with one
study reporting an overall 92.3% fusion rate with expand-
able, stand-alone cages5). Laminectomy and interbody fusion
with expandable, stand-alone cages can decrease the morbi-
dity related to screw fixation, such as excessive muscle retrac-
tion, screw breakage and pullout, and upper facet joint viola-
tion, as seen in our study. In addition, our procedures are
economical compared with additive pedicle screw fixation
and is accompanied by satisfactory fusion results. We also

agree with the opinion that the screw fixation is more helpful
in obtaining stability. However, the lumbosacral joint has a
relatively smaller range of motion and iliolumbar ligament,
which supports the L5 vertebra to the ilium, gives this area
stability. Our results which indicated that there was not
instability in patients who could not achieve fusion, also
showed the stability of the lumbosacral joint. These factors
led us to perform unilateral facetectomy and PLIF using
stand-alone cages. Another factor which made us confident
in the stability was the structure of the cage which could
expand and anchor at the end-plate.

The success of the fusions did not correlate with the clinical
outcomes, as another study had previously reported12).

We also observed that the height of the disc space had
increased at the last follow-up, thus indicating that the mid-
dle and exit zones of the foramen occupied a larger space
after surgery than was the case preoperatively. If cage subsi-
dence occurs, the space would gradually decrease. In fact, our
results in the post-operative 24th month showed that a
decrease of disc height, thus indicating that subsidence had
occurred. However, among the ten of our patients in whom
cage subsidence occurred, only two experienced recurrent
pain. Because of the small number of our cases, this finding
could not explain the significant correlation between the
clinical outcome and the cage subsidence. 

Using this surgical method, we obtained satisfactory clini-
cal and radiological results, with a reduction in pre-operative,
radiating leg pain. In our study, the removal of the offending
lesion via facetectomy seems to be related with a successful
clinical outcome.

CONCLUSION

In the treatment of lumbosacral foraminal stenosis, unilateral
facetectomy and interbody fusion using expandable stand-
alone cages may be considered a treatment option in order to
maintain post-operative alignment and obtain satisfactory
clinical outcomes.

Radiological fusion was 88% with fusion criteria, but there
was no instability in the any patient who did not achieve
fusion. The disc height changed from 8.11 mm preoperati-
vely to 10.02 mm immediate postoperatively and 9.63 mm
at 24 months after surgery. The height increase of the clinical
success group was statistically significant and that of the clini-
cal failure group was not significant. Cage subsidence occurr-
ed, but without a clinical correlation.
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