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Background: The spine surgeons have been combining anterior and posterolateral fusion (circumferential fusion) as the 
final solution to treat spinal disorders and many have been using it to treat failed back surgery syndrome (FBSS). In 
present study, we analyzed and compared the clinical and radiological outcomes in patients with transpedicular screw 
fixation and intervertebral autogenous posterior iliac crest bone graft or in patients with transpedicular screw fixation 
and intervertebral B‑Twin system for FBSS with a follow‑up period of 10 years after the surgery.

Materials and Methods: This study was a retrospective case study performed on 55 patients with FBSS. Clinical and 
radiological changes were compared between the two groups of patients on the basis of improvement of back pain, radicular 
pain, and work capacity. Outcome was measured in terms of Oswestry Low Back Pain Disability Index, and the changes in 
pain and function were documented every year from before surgery until 2012. We analyzed the evolution of 55 cases of 
FBSS those underwent segmental circumferential posterior fusions from June 2001 to February 2003, operated by a single 
surgeon and followed up during 10 years until February 2012. The patients were divided into 2 groups: In 25 patients, 
posterolateral fusions with Legacy™ (Medtronic, Inc. NYSE: MDT) screws and intersomatic autogenous posterior iliac 
crest bone graft was performed, and, in 30 patients, posterolateral fusions with the same screws and intersomatic fusion 
B‑Twin (Biomet Spain Orthopaedics, S.L.) system was performed. In all cases, we used posterior lumbar interbody 
fusion (PLIF)/transforaminal lumbar interbody fusion (TLIF) approach for intervertebral graft, and the artrodesis was 
supplemented at intertransverse level with Autologus Growth Factor (AGF‑MBA INCORPORADO, S.A.). The outcome was 
measured in terms of Oswestry Low Back Pain Disability Index, and the changes in pain and function were documented 
every year and compared from before surgery to the final follow‑up visit. Preoperative and postoperative scores were 
available for all patients.

Results: The average age of these patients was comparable in both groups (mean age 42.6 versus 50.2 years). The 
average follow‑up period was 200.6 months in the first group (screws and intersomatic bone) and 184.4 months in the 
second group (screws and B‑Twin). In the autologus bone graft group, the CT scan and Rx study revealed loss of height of 
intervertebral space between 25% and 45% of 24 h postoperative height of intervertebral operated disc, and the patients 

continued to lose the height until 20 months after the 
surgery. In the B Twin group, the CT scan and Rx study 
revealed a loss of height of the intervertebral level of 
8‑12% over a period of 9 months follow‑up, followed 
by stability. A total of 31 patients (55%) had improved 
Oswestry Low Back Pain Disability Index >40% of the 
total possible points, although this did not reflect in PSI 
or return to work rate.

Conclusions: The patients with rigid fixation do well in 
terms of correction of lumbar lordosis, but they do not 
do well in terms of recurrence of pain. Furthermore, 
they need some kind of intervention to control pain 
after the first year after surgery. In patients in whom 
bone graft is used, although they do not maintain and 
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Introduction

Low back pain causes prolonged disability, anxiety, and 
discomfort and it is endemic in many western countries. It 
has been estimated that lifetime incidence of low back pain 
in United States is 60-80%.[1,2] The patients with low back pain 
account for approximately 85-90% of direct and indirect costs 
related to managing low back pain.[3-5] Failed back surgery 
syndrome (FBSS) is not actually a syndrome and is often 
used to describe the condition of patients who have not had 
a successful result with back surgery or spine surgery and 
have experienced continued pain after surgery. Many factors 
can contribute to FBSS including residual or recurrent disc 
herniation, persistent post-operative pressure on a spinal 
nerve root, scar tissue (fibrosis) tethering on a spinal nerve 
root, facet joint hyper mobility with instability, muscular 
deconditioning, depression, anxiety, and sleeplessness. 
Mechanical or chemical changes in degenerative intervertebral 
discs have been proposed to be the cause of low back pain 
without sciatica or neurological deficits and are referred as 
“discogenic” low back pain, a distinct entity than herniated 
disc causing sciatica.[6,7] Many spine surgeons have been 
combining anterior with posterolateral fusion (circumferential 
fusion) to treat other spinal disorders and have been using 
it like “final solution” to treat FBSS. The purpose of the 
current study was to evaluate and compare the clinical 
and radiological outcomes in patients with transpedicular 
screw fixation and intervertebral autogenous posterior iliac 
crest bone graft or with transpedicular screw fixation and 
intervertebral B-Twin system in FBSS and follow the patients 
for more than 10 years.

Materials and Methods

In this retrospective study, we analyzed our experience with 
55 FBSS patients [Figures 1-3] who underwent segmental 
circumferential posterior fusions between June 2001 and 
February 2003 and operated by a single surgeon and 
followed up for >10 years. All the patients had severe low 
back pain with or without radicular or pseudoradicular 
pain. Lumbar spine instability was evaluated on standing 
lateral flexion-extension radiographs and fusion was 
considered demonstrable instability on imaging for 
degenerated disc disease and intractable low back pain. 
The instability could also be demonstrated in the surgical 
field [Video 1]. Provocative discography was performed to 
ensure the level responsible for pain and discard adjacent 
level, if deemed necessary. The patients were divided into 

2 groups. Total 25 patients had posterolateral fusions 
with Legacy™ (Medtronic, Inc. NYSE: MDT) screws and 
intersomatic autogenous posterior iliac crest bone graft, 
and 30 patients had posterolateral fusions with the same 
screws and intersomatic B-Twin (Biomet Spain Orthopaedics, 
S.L.) system. In all cases, we used posterior lumbar 
interbody fusion (PLIF)/transforaminal lumbar interbody 
fusion (TLIF) approach for intervertebral graft, and the 
artrodesis was supplemented at intertransverse level with 
Autologus Growth Factor (AGF-MBA INCORPORADO, S.A.). 
Partial lateral facetectomies were performed in all cases 
to put screws. During surgery, the most difficult problem 
encountered was extensive fibrosis at the operative site. 
To overcome this, the dissection was always started at the 
normal level and the normal dura was identified. To begin 
with, the screws were inserted and, later on, nerve root 
decompression was performed and the dura was tried to 
identify from midline to lateral. Extensive fibrosis was 
released as and when necessary with safety and to avoid 
injury to the dura and neural structures. The foraminotomy 
was performed only at the level corresponding to that of the 
clinical level of the radiculopathy. Radiological and clinical 
improvements were compared between the 2 groups on the 
basis of improvement of back pain and work capacity.[8] The 
outcome was measured in terms of Oswestry Low Back Pain 
Disability Index[9] and the changes in pain and function were 
compared from before surgery to that in the final follow-up 
visit. Preoperative and postoperative scores were available 
for all patients.

Figure 1: The extent of L5-S1 hemilaminectomy (both left and right) 
and how the resection was performed on the right side articular facet 
for a foraminal herniated nucleus pulposus (HNP)

sustain the lumbar lordosis in the long term, they have less recurrence of pain with less chances of intervention 
for pain control.

Key words: Chronic low back pain, degenerative disc disease, failed back surgery syndrome, functional outcome, lumbar 
spinal fusion, spondylosis
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Figure 2: (a) L4-L5 hemilaminectomy with a PDN intersomatic system; (b) Segmental instability at L4-L5 level in a dynamic lumbar 
study; (c) MR study showing the left side foraminal compromise at L4-L5 level

c
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Figure 3: (a) L5-S1 segmental instability developing after 1 year partial L5-S1 laminectomy for L5-S1 central HNP; (b) Provocative discography 
performed as the patient was having pseudoradicular pain in legs

ba

Results

The average age of these patients was comparable in both the 
groups (mean age: 42.6 versus 50.2 years). There were 7 (27%) 
patients with simple hemilaminectomy or laminectomy 
and discectomy in the previous surgery and 18 (73%) with 

transpedicular arthrodesis (dynamic, rigid, or combined) or 
ligamentoplasty or semirigid posterior stabilization (Diam 
and Wallis interspinous device) in the previous surgery in 
the first group. There were 4 (15%) patients with simple 
hemilaminectomy or laminectomy and discectomy in 
the previous surgery and 26 (85%) with transpedicular 
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arthrodesis (dynamic, rigid, or combined) or semirigid 
posterior stabilization (Diam and Wallis interspinous device) 
in the previous surgeries in the second group. L5-S1 fusion 
was performed in 11 (44%) patients in the first group, L4-L5 
fusion was performed in 5 (20%) patients, and L4-S1 was 
performed in 9 (36%) patients. L5-S1 fusion was performed in 
10 (34%) in the second group, L4-L5 fusion was performed in 6 
(20%) patients, and L4-S1 was perform in 14 (46%) patients. 
The average follow-up period was 200.6 months in the first 
group (screws and intersomatic bone) and 184.4 months 
in the second group (screws and B-Twin). In the autologus 
bone group, 3 patients had accidental dural tear. In the 
B Twin group, 2 patients had accidental dural tear during 
surgical exposure, but it not related to the B Twin introducer. 
In all cases of B Twin group, the restoration of lumbar 
lordosis could be achieved. In one case of the B Twin group, 
the B Twin was placed in position but could not be expanded 
properly or retrieved and was therefore left in the same place. 
Its position was further reinforced with cancellous bone 
chips. All patients had neurologic uneventful post-operative 
period. The complications included that, three superficial 
wound infections in the first group could be controlled with 
intravenous antibiotic for 3 weeks. In the second group, 
there were 3 cases of superficial wound infections, which 
were controlled with intravenous antibiotic for 3 weeks and 
1 patient needed Freidrich debridement also. The patient‘s B 
Twin was not be expended properly and he was doing well at 
3-months follow-up. His CT scan showed that the implant was 
not touching the dura or the nerve, but he still complained of 
radicular pain and was, therefore, referred to the pain clinic 
with moderate relief in his symptoms. After 1 year follow-up, 
the patient was referred again to us for recurrence of radicular 
pain in the same dermatome and with suspicion of B Twin 
movement inside the intervertebral space. We retired the B 
Twin and completed the arthrodesis by anterolateral fixation 
with screws [Figure 4a and b]. Two patients in the B Twin group 
presented with an accelerated degeneration in the upper level 
vertebral body and needed infiltration in the first 6-months 
follow-up. However, they did not respond to conservative 
management, and selective rizothomy was performed in the 
first year. These 2 patients also developed scoliotic deformity 

Figure 4: (a) The B Twin not expended properly and in the first year 
follow-up migrated inside the intervertebral space and provoked 
radicular pain; (b) The B Twin was displaced and antero-lateral screws 
reinforcement arthrodesis was performed

ba

and were operated 3 years after the first surgery and another 
level was fused at another hospital. However, 7 patients (28%) 
in the first group and 14 patients (46%) in the second group 
needed infiltration in superior articular facet or sacroiliac joint 
during the follow-up period between the first and third years 
of follow-up. In the second year, 4 patients were followed up: 
2 patients in each group presented with recurrence of radicular 
pain and clinical signs of nerve root compression. One patient 
in B Twin group was re-operated and a foraminotomy was 
performed at that level in the third year of follow-up. In 2012, 
1 patient of the first group was operated for a suprayacent 
bilateral foraminal estenosis and the fixation form L5-S1 
until L4-S1 was completed with L4 laminectomy and bilateral 
foraminotomy 11 years after the surgery [Figure 5]. There were 
significant reductions in pain and significant improvements 
in functions in both the fusion groups and there were no 
significant differences between the two groups. A total of 14 
(55%) patients in the first group and 18 (60%) in the second 
group had a Patient Satisfaction Index (PSI) of 1 or 2 and their 
surgeries were therefore considered successful. There was no 
difference in patient satisfaction between the groups. There 
was no difference in PSI between simple hemilaminectomy 
versus transpedicular screws revision surgeries. In addition, 
the number of levels fused did not directly influence the clinical 
outcomes. We observed no differences within each group or 
between the groups for one-level versus two-level fusions. 
There were 32 (58%) workers’ compensation or in litigation for 
compensation, but only 7 (13%) of the injured workers received 
a compensation. A total of 7 patients in the first group returned 
to work, but none at the same place where they worked before 
the surgery, and 10 patients of the second group returned to 
work, but none in the same place as before the surgery. None of 
the patients were who were eligible for worker compensation 
returned to work after surgery. After a 24-months follow-up, 
48 (86%) patients presented radiographic fusion: 20 (80%) 
patients in the first group and 28 (94%) in the second group. In 
the autologus bone graft group, the loss of height was 25-45% 
and patients continued to loose the height until 20 months 
after the surgery [Figures 6 and 7]. Over a period of 9-months 
follow-up, the loss of height of the intervertebral level in the 
B Twin group was of 8-12% and it stabilized in that position 

Figure 5: A 10-year follow-up and the incidence of back pain and leg 
pain that required invasive intervention
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[Figures 8 and 9]. However, we did not find any correlation 
between the loss of height and the clinical outcome at the same 
level after surgery. In radiological control during the follow-up 
period, the fusion surgery has transferred problems to another 
level of the spine in 10 cases in the first group and 17 cases 
in the second group; we observed this change after 5-years 
follow-up. Only 1 patient in the first group and 2 patients in 
the second group referred to neurological claudication in the 
past 2 years. The claudication appears after >45 min walking, 
and conservative treatment was decided.

Discussion

The post-operative causes of back pain could be deconditioning, 
muscle spasm, myofascial pain, spinal instability, diskogenic 
pain, facet arthropathy, infection, pseudarthrosis, loose 
hardware, arachnoiditis, trauma, wrong level fused, 
insufficient levels fused, pseudomeningocele, graft donor site 

pain, and psychosocial factors. The post-operative causes of 
leg pain could be retained disk fragment, recurrent herniated 
nucleous pulposus, far lateral disk, lateral recess estenosis, 
inadequate decompression, wrong level decompressed, nerve 
root injury, retained foreign body, epidural fibrosis, 
arachnoiditis, synovial cyst, root sleeve meningocele, loose 
hardware, facet fracture, and psychosocial factors. Spine 
surgery was able to accomplish only two requirements: 
Decompress a nerve root that is pinched and stabilize a painful 
joint. Despite complete healing, substantial axial disc motion 
can continue with posterolateral fusion;[10] this lead to the 
concept of discogenic pain[11,12] and this pain may persist 
despite a solid posterolateral fusion.[11,13] Although the 
combined anterior interbody fusion and posterior fusion (360 
fusion or circumferential fusion) was developed with the aim 
of enabling better correction with more space for adequate 
neural decompression, which gained popularity in the mid 

Figure 6: Follow-up X-ray images (a = 0, b = 3, c = 12, and 
d = 24 months, respectively) showing fusion but at the same time 
reduction in the disc (autologus bone graft)

dc

ba

Figure 7: Follow-up CT images with 3-D reconstruction showing solid 
fusion (autologus bone graft)

Figure 8: Follow-up X-ray images (a = 0, b = 3, c = 12 months, 
respectively) showing fusion (B-Twin system), but note lesser loss of disc 
space in comparison to autologus bone graft (compare with Figure 2)

c

ba

Figure 9: Follow-up CT images with 3-D reconstruction showing 
solid fusion (B Twin system) (a) Sagittal image; (b) Axial image and 
(c) 3d reconstruction

a b

c
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1970s,[14-16] the implementation of this procedure has become 
widespread for the management of FBSS and discogenic pain 
in the last decade.[11,13] If the disc is suspected instead, it seems 
reasonable to remove this structure and replace it with a bone 
transplant using either PLIF or anterior lumbar interbody 
fusion (ALIF).[17-19] If pain is believed to be generated from disc 
and facets or both these structures or if the surgeon strives 
for maximum initial stability and bone transplant area, 
hypothetically, it should be better to fuse from both the behind 
and the front to create a “circumferential” (360) fusion.[13,20-22] 
While general controversy on the use of circumferential 
procedures in the management of degenerative disc disease 
prevails in the literature, many studies have nevertheless 
reported evidence that circumferential fusion may provide 
better results than posterolateral fusion.[11,23,24] A recent study 
indicated that patients with disc degeneration require some 
form of stabilization to support a posterolateral spinal fusion 
procedure.[25] It has been claimed that circumferential lumbar 
spinal fusion theoretically affords several advantages over 
posterolateral spinal fusion alone. One advantage of combined 
anterior and posterior stabilization is that it provides a more 
complete stability, which in turn would improve fusion rates.[24,26] 
These techniques may be supplemented by internal fixation, 
aiming at immediate stability, which increases the fusion rate 
and hopefully makes the rehabilitation process easier for the 
patient.[27,28] Experimental studies have shown that the use of 
additional posterior instrumentation significantly increases 
motion stability in extension and axial rotation.[29,30] The 
incidence of complications varies from 0% to >30%, with a 
general figure of 2-5% for clinically significant misplacement.[31,32] 
Complications in these patients include deep venous 
thrombosis, posoperative pneumonia, superficial wound 
infection, urinary tract infections, donor site wound hematoma 
and persistent iliac crest donor site pain. However, we have 
the following complications: 3 superficial wound infections 
in each group (12-10%, respectively) and 1 case of 
misplacement (3,4% in the B Twin group) in our series. PLIF 
offers several advantages. It restores disc height, load-bearing 
ability of anterior ligaments and muscles, root canal 
dimensions, and spinal balance. It immobilizes the painful 
degenerate spinal segment and decompresses the nerve 
roots.[33,34] Other authors have reported >70% satisfactory 
clinical results when interbody fusion is combined with 
instrumented posterolateral fusion.[33-37] Cessation of abnormal 
motion of an annular torn disc and removal of biochemical 
substances in the degenerated disc should eliminate the 
nociceptive stimulation from the outer annulus.[38,39] Because 
the motion segment is a three-joint complex comprised of a 
disc and two facet joints, the highest rate of fusion is obtained 
from supplementary fixation of the facet joints behind the 
anterior graft used for PLIF.[2] Supplementing this fixation and 
interbody graft with a posterolateral bone graft will further 
improve the fusion rate. The current study showed that the 
patients who had doubtful interbody fusion had solid 

posterolateral arthrodeses. Leufven and Nordwall reported a 
93% fusion rate and 73% satisfactory outcome using a 
circumferential fusion technique, and 62% of patients returned 
to work.[22] Results of the fusion in one study with posterolateral 
fusion showed 81.5% fusion rate, and PLIF had 90.5% fusion 
rate, but successful fusion does not directly correlate with a 
successful clinical result.[38,39] Other surgeons are concerned 
about the risks with PLIF. When PLIF is performed with bone 
dowels, there is a risk of graft resorption and disc space 
collapse, which has led many surgeons to add posterior 
instrumentation to stabilize the construct. Others have used 
cylindrical cages to overcome this disadvantage, which has 
led to other problems. According to the literature, the clinical 
outcome regarding working ability is better after PLIF, possibly 
because of better restoration of disc height lumbar lordosis 
and load distribution through the spine.[40] Gertzbein et al., 
reported significant reductions in pain and 97% radiographic 
fusion rate in 68 patients after circumferential fusions. Some 
surgeons prefer PLIF to 360 fusions citing comparable results 
with only single surgery. Lee et al., performed PLIF without 
PINS for discogenic back pain in 62 patients and had 89% 
satisfactory result.[41] Early results of instrumented PLIF and 
use of a carbon fiber cage for interbody fusion have been 
encouraging.[35,37] Circumferential fusion became popular as 
both a primary fusion technique and a salvage procedure. It 
allows nearly complete discectomy for discogenic pain, full 
decompression of severe foraminal or central stenosis, 
inspection of the spinal canal, and removal of large disc 
extrusions or fragments. There is a high fusion rate and a high 
degree of patient satisfaction.[13,36,42] Kozak and O’Brien reported 
a very high fusion rate and 80% favorable results with 360 
fusions in 69 patients with severe low back pain and positive 
discography.[21] Hinkley and Jaremko reported significant 
improvements in pain, function, and disability in 81 injured 
workers treated with 360 fusion for low back pain and positive 
discography. They noted a 95-100% fusion rate and 91% patient 
satisfaction.[42] Clinical studies of patients with chronic back 
pain provide strong evidence that psychological distress is an 
important risk factor for having poor outcomes after spine 
surgery.[43,44] Other studies have shown that both the inability 
to work for long periods and inability to find a job after 
rehabilitation are factors underlying failure to return to 
work.[45,46] In one study, 50% pain reduction was achieved 
in <50% of the patients and only 30% patients could returned 
to work.[2,47] In our study, only 7 (28%) patients in the first 
group returned to work, but none at the same place as before 
the surgery, and 10 (34%) patients of the second group returned 
to work, but none at the same place as before the surgery. 
None of the patients who were eligible worker compensation 
or injured workers returned to work after the surgery. 
Furthermore, individuals nearing retirement age might use 
their back surgery as a justification for seeking early 
retirement, thus being psychologically inclined to adopt the 
disabled role.[25] Retrospective studies on scoliosis as well as 
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longitudinal studies on lumbar fusion have suggested that 
lower lumbar fusions predispose patients to problems in the 
adjacent motion segments.[48-52] In our study, the B Twin allowed 
an excellent restoration of lordosis, but the distress in the 
adjacent level was much higher and the facetary syndrome 
and accelerated degeneration in the adjacent level was 
double (two-times higher) in comparison with those in the 
autologus bone group. The disadvantage of classical 360 fusion 
is that it requires two surgeries (one anterior and one posterior) 
and that it may require an additional surgery later to remove 
the instrumentation.[53] A total of 36% patients in the autologus 
bone group and 53% patients in the B Twin group developed 
lumbar pain that was needed some kind of treatment in the 
first 3-years follow-up. Although we achieve a good fixation 
at the affected segment with circumferential fusion, it may 
not translate in terms of good clinical outcomes, particularly, 
pain control. With this study, we felt that the question of 
whether or not circumferential fusion should be the preferred 
treatment for FBSS is an option and not the solution, and it 
therefore needs further investigation to resolve the specific 
pain that disabilitates the patient and not to restore all the 
bone architecture and foramen diameters.[26]

Conclusion

Circumferential lumbar fusion is a useful procedure for FBSS 
patients. Interbody fixation restores lumbar lordosis and 
removes the biochemical and mechanical sources of pain, and 
pedicle screws and B Twin together provide stability and rigid 
fixation until solid fusion is obtained. However, the patients 
with rigid fixation do well in terms of correction of lumbar 
lordosis but they do not do well in terms of recurrence of pain, 
as they need some kind of intervention to control pain from 
1 to 3 years of follow-up. In patients in whom bone graft is 
used, although they do not maintain and sustain the lumbar 
lordosis in long term, they experience less recurrence of pain 
with less chances of intervention for pain control and have 
maximum incidence in the second year follow-up. All these 
facts supports that the radiologically and mechanically solid 
arthrodesis does not always result in a good clinical outcome.
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