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Abstract

Introduction  Anterior lumbar interbody fusion (ALIF) is
an established treatment for structural instability associated
with symptomatic disk degeneration (SDD). Stand-alone
ALIF offers many advantages, however, it may increase
the risk of non-union. Recombinant human bone morpho-
genetic protein-2 (BMP-2) may enhance fusion rate but is
associated with postoperative complication. The optimal
dose of BMP-2 remains unclear. This study assessed the
fusion and subsidence rates of stand-alone ALIF using the
SynFix-LR interbody cage with 6 ml/level of BMP-2.
Methods Thirty-two ALIF procedures were performed by
a single surgeon in 25 patients. Twenty-five procedures
were performed for SDD without spondylolisthesis (SDD
group) and seven procedures were performed for SDD with
grade-1 olisthesis (SDD-olisthesis group). Patients were
followed-up for a mean of 17 = 6 months.

Results  Solid fusion was achieved in 29 cases (90.6 %)
within 6 months postoperatively. Five cases of implant
subsidence were observed (16 %). Four of these occurred
in the SDD-olisthesis group and one occurred in the SDD
group (57 % vs. 4 % respectively; p = 0.004). Three cases
of subsidence failed to fuse and required revision. The
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body mass index of patients with olisthesis who developed
subsidence was higher than those who did not develop
subsidence (29 + 2.6 vs. 22 £ 6.5 respectively; p = 0.04).
No BMP-2 related complications occurred.

Conclusion The overall fusion rate of stand-alone ALIF
using the SynFix-LR system with BMP-2 was 90.6 %,
comparable with other published series. No BMP-2 related
complication occurred at a dose of 6 mg/level. Degenera-
tive spondylolisthesis and obesity seemed to increase the
rate of implant subsidence, and thus we believe that adding
posterior fusion for these cases should be considered.

Keywords ALIF - Spine fusion - BMP-2 -
PEEK cage - Subsidence

Introduction

Anterior lumbar interbody fusion (ALIF) is frequently used
to treat structural instability in the setting of symptomatic
disc degeneration (SDD) [1, 2]. The anterior approach to
the spine offers many advantages over the posterior
approach, including sparing of the lumbar para-spinal
musculature, improved postoperative mobility, decreased
chronic muscle pain and the ability to expand the interbody
device within the predominant load-bearing column of the
spine enabling to re-establish its normal anatomical
alignment [2-4].

Despite numerous advantages, ALIF with autogenous
bone graft (e.g. iliac crest) as a stand-alone procedure has
been associated with high rates of non-union (~44 %) [5],
subsidence, and graft extrusion, due to its inability to
achieve adequate stability necessary for vertebral interbody
fusion [3, 5, 6]. Adding posterior instrumented fusion led to
improved stability increased fusion rate and has gained
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acceptance by many surgeons as the standard of care [3].
Naturally, combined anterior-posterior approach has been
associated with prolonged operation time, increased blood
loss and complications rate [7].

To overcome the need for posterior stabilization new
interbody cages made of metal or composite materials have
been devised. However, despite the improved mechanical
stability of these cages, when used with bone graft in stand-
alone ALIF the reported fusion rate was only 16-70 % [7,
8]. In an attempt to enhance fusion, an osteoinductive
growth factor (i.e. Bone Morphogenetic Protein-2 [BMP-
2]) was used and, indeed, increased fusion rate of stand-
alone ALIF using a metal cage to 91-94 % [3, 9-12].

Despite the encouraging fusion outcomes metal cages
subsidence into the vertebral bodies described [13-15].
Interbody cages made of the non-absorbable, biocompati-
ble material polyetheretherketone (PEEK) are radiolucent
and have modulus of elasticity similar to bone [13, 16].
Using PEEK cages may offer an advantage over metal
cages in load-bearing that may reduce subsidence rate.
Also, due to its radiolucency interbody cages made of
PEEK may enable easier assessment of fusion in radio-
graphs [17, 18].

The objectives of this study were to evaluate fusion and
subsidence rate following stand-alone ALIF using a PEEK
interbody cage (Synthes, SynFix-LR) with BMP-2 and to
identify factors affecting union. No previous study has
evaluated fusion rate in this setting to the best of our
knowledge.

Patients and methods
Study design

This was a retrospective radiographic outcome evaluation
of stand-alone ALIF procedures with BMP-2 augmenta-
tion. All procedures were performed for lumbar SDD by a
single team in our spine surgery unit.

Selection of participants

We reviewed the medical records and lumbar spine imag-
ing (X-rays, CT and MRI scans) of all patients who
underwent ALIF procedures in our spine surgery unit
between December 2008 and December 2011. Patients
were included in the study based on the following criteria:
(1) lumbar SDD with mechanical disabling low back pain
over a period of at least 6 months without improvement
under conservative treatment, (2) no other spinal pathology
apart from grade-I degenerative spondylolisthesis, (3)
involvement of one or more of the following discs: L3-4,
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L4-5, L5-S1, (4) minimum of 12-month follow-up from
surgery, (5) MRI of lumbar spine with Modic changes in
vertebral end plates and disc height <7 mm [19, 20].

Patients with a medical condition affecting bone healing
(e.g. diabetes mellitus), previous instrumented lumbar
spine operations, patients who smoked or were taking
medication that may affect bone healing (e.g. corticoste-
roids, non-steroidal anti-inflammatory medications) were
excluded from the study.

Study protocol

All patients underwent a full clinical evaluation including a
thorough physical examination and MRI scan of their
lumbar spine prior to the surgery. Whenever a multi-level
pathology was found, a diagnostic discography was made
to help determine the symptomatic level [21]. ALIF was
done through an open approach under fluoroscopy control
with pulse oxygen meter placed on left foot [22, 23].
Patients were placed in the supine position and a standard
retroperitoneal approach was carried out with ligation of
the segmental vessels. The great vessels were mobilized,
exposing the anterior surface and lateral borders of the disc
space. The midpoint of the disc space was identified with
radiographic markers and fluoroscopy. Then, an incision
was made in the anterior portion of the annulus, removing
the anterior longitudinal ligament and the anterolateral
borders of the annulus fibrosus. Under direct visualization
the entire contents of the disc space were removed,
including the nucleus pulposus and the cartilaginous end-
plates. Two perforations were made with a curette in the
central endplate area coinciding with the area in the cage
which accommodates the BMP2 sponges. The disc space
was sequentially distracted to the height of normal adjacent
disc space height. Final amount of intra-discal distraction
and cage size was determined by intraoperative assessment
of annular tension and direct visualization of the disc space
dimensions.

A Synthes SynFix-LR cage was used (Synthes Inc, West
Chester, PA, USA) in all operations. Each cage was filled
with sponge soaked with 6 mg of BMP-2 (Medtronic
Infuse, Minneapolis, USA). The cages were inserted into
the prepared intervertebral disc space. Cage placement was
assessed under fluoroscopy in both the antero-posterior and
lateral views [24]. Cage fixation was performed with four
screws inserted through pre-made cage bores, two screws
to the vertebral body above the cage, and two screws to the
vertebra below.

Postoperatively, the patients were allowed to mobilize
as pain allowed. No bracing was given. Isometric
strengthening and an exercise program were started at
6 weeks following surgery.
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Fig. 1 Lateral radiograph of L5-S1 level showing non-union follow-
ing spinal fusion with a PEEK cage

Outcome measures

Patients were evaluated for fusion at 3, 6, 12 and
18 months after surgery. Independent orthopedic and
radiologist consultant interpreted all radiographs MRI’s
and CT scans. A third independent orthopedic consultant
adjudicated controversial fusion findings.

Fusion was assessed by high-quality spine radiographs
based on the following criteria: (1) visible bridging bone
either through the cage or surrounding it as seen on ante-
rior-posterior or lateral radiographs [25]; (2) vertebral body
translation of <3 mm on lateral radiographs [9]; (3) lack of
substantial sclerotic changes in the recipient bone bed [7].
Brantigan et al. [25] found that the sensitivity, positive
predictive value and overall accuracy of spine radiographs
to detect bone union following spinal fusion with PEEK
cage was 97, 94 and 93 % respectively. (Figs. 1, 2).

Subsidence was assessed based on the following criteria:
(1) disc space height loss of >1 mm (indicating cage pro-
trusion into the cancellous vertebral bone) [7]; (2) visible
fracture of the vertebral body endplate [7]. Spondylolis-
thesis was measured using the Meyerding method [26].

A thin layer slicing CT scan (<1 mm) was performed in
all cases where bone fusion on plain radiographs was in
doubt (CT scan was performed in 8 patients). Assessment of
fusion was done according to the protocol of Williams et al.
[27]: (1) lack of any lucency at the cage margins; (2) lack of
any visible fracture of the cage or vertebrae; (3) lack of any
cystic changes within the endplates adjacent to the cage; (4)
lack of any linear defects (fracture) through the intervertebral
new bone formation within or surrounding the cage; (5) lack

Fig. 2 Lateral spine radiographs of L5-S1 level showing solid bone
union following spinal fusion with PEEK cage

of subsidence or dislocation of cage; (6) bridging bone sur-
rounding or within the cage. (Fig. 3)

Data analysis

Continuous parameters were described as the mean and the
standard deviation (SD) with 95 % confidence intervals
(CD). Categorical parameters were described with propor-
tions and 95 % confidence intervals. Comparisons between
procedures performed for SDD without olisthesis (SDD
group) and procedures performed for SDD with olisthesis
(SDD-olisthesis group) were performed using two-tailed
unpaired ¢ test for continuous parameters and the Fisher
exact test for categorical parameters. Statistical analysis was
performed using SPSS for Windows (version 16.0; IBM,
Chicago, Illinois). Significance level was set at p < 0.05.

Results

Twenty-five patients who underwent ALIF in our spine
surgery unit met all study criteria and were available for data
analysis. Fighteen of them were females (72 %). The aver-
age age of the study group was 52 £ 14 years (range
23-71 years). A total of 32 ALIF operations was performed:
three fusions of LL3-4 level (9.4 %), 15 fusions of L4-5 level
(46.9 %) and 14 fusions of L5-S1 level (43.7 %). The
average post-operative follow-up was 17 £ 6 months
(range 12-31 months). The patients’ characteristics and
radiographic outcomes are summarized in Table 1.

@ Springer



2872

Eur Spine J (2013) 22:2869-2875

Fig. 3 A sagittal CT image of L5-S1 level showing non-union
following spinal fusion with a PEEK cage

Table 1 Study cohort and radiographic outcomes

Number of patients 25
Age at surgery, (years = SD) 52+ 14
Gender, n (%)
Males 7 (28 %)
Females 18 (72 %)
Number of levels fused, n (%)
Patients who had 1-level fusion 18 (72 %)
Patients who had 2-level fusion 7 (28 %)
Number of procedures performed 32
Follow-up (months + SD) 16.7 £ 5.8
Subsidence rate, n (% of procedures) 5 (15.6 %)
Fusion Rate, n (% of procedures) 29 (90.6 %)

Solid asymptomatic fusion was achieved in 29 of the 32
procedures (90.6 %). Four cases fused within 3-month
(12.5 %) and 25 cases (78.1 %) fused within 6-month
follow-up. Implant subsidence was observed in five oper-
ated levels (in five patients, four females and one male).
Two subsidence cases united uneventfully in 6-month
follow-up. The remaining three cases of subsidence (in
three patients, two females and one male) resulted in
symptomatic non-union (9.4 % of procedures), and
underwent revision surgery with postero-lateral instru-
mented fusion.

Twenty-five ALIF procedures (in 18 patients) were
performed for SDD without olisthesis (SDD-group) and
seven procedures (in seven patients) for SDD with grade I
olisthesis (SDD-olisthesis group). Patients with olisthesis
were older than patients without olisthesis (66 + 4 vs.
51 &£ 13 years respectively, difference 15 years, 95 % CI 4
to 25; p = 0.007). Gender distribution was similar in both
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groups (72 % females in the SDD group vs. 57 % in the
SDD-olisthesis group, difference 15, 95 % CI —18 to 49;
p = 0.64). The follow-up duration was similar for both
groups as well (16 = 6 vs. 19 & 5 months respectively,
difference 3 months, 95 % CI -2 to 8; p = 0.25).
Subsidence was observed in 1 procedure in the SDD
group and in 4 procedures in the SDD-olisthesis group (4
vs. 57 %, difference 53, 95 CI 17-80 %; p = 0.004). Two
subsidence cases in the SDD-olisthesis group united
uneventfully within 6 months. The remaining two subsi-
dence cases in the SDD-olisthesis group and the single
subsidence case in the SDD group resulted in symptomatic
non-union and required revision surgery as mentioned
above. Union was achieved in 24 of 25 cases in the SDD
group (96 %) and in 5 of 7 cases (72 %) in the SDD-
olisthesis group (difference 24, 95 % CI —1 to 60 %;
p = 0.11). Nevertheless, due to the small size of these
subgroups the study was underpowered to detect a differ-
ence in fusion rates. Therefore, the statistical difference
between the groups could not be claimed confidently.
The body mass index (BMI) of both SDD-group and
SDD-olisthesis group was similar (24.8 £4.5 vs.
25.6 £ 5.6, difference 0.8 kg, 95 % CI —3.3 to 4.9;
p = 0.69). However, in the SDD-olisthesis group the four
patients who had subsidence had significantly higher BMI
than the rest of the group (29.2 4+ 2.6 vs. 22.1 + 6.5, dif-
ference 7.1 BMI, 95 % CI 0.2-14; p = 0.04). (Table 2)

Discussion

Achieving early, solid and long-lasting bone union is the
goal of any spinal fusion regardless of the surgical
approach and technique [2]. Posterior and postero-lateral
approaches to the lumbar spine have been traditionally
used for spinal fusion. However, the extensive muscle
striping involved in these approaches may compromise the
functional outcome and complicate the rehabilitation pro-
cess [28, 29]. The advantages of ALIF without posterior
fusion have been extensively documented [6, 30].

The use of the osteoinductive protein BMP-2 in spine
surgery has been previously studied and was found to
enhance fusion rate [4, 9, 31, 32]. However, stand-alone
ALIF using BMP-2 with allograft without cage implanta-
tion showed 62 % subsidence rate due to massive resorp-
tion of the allograft [33]. A second generation interbody
cages made of non-absorbable material have been devel-
oped to increase the structural stability in spinal fusion and
to improve fusion rate.

The aim of this study was to evaluate the fusion rate
following stand-alone ALIF using the SynFix-LR system
with BMP-2. The SynFix-LR cage is a polyetheretherke-
tone (PEEK) implant with an integrated anterior plate,
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Table 2 Characteristics and SDD (25 SDD-olisthesis  Difference p value
outcomes of procedures
. . procedures, (7 procedures, (95 % CI)
performed for non-olisthetic . .
. . 18 patients) 7 patients)
compared to olisthetic levels
Age at surgery, years =+ SD 51+ 13 66 + 4 15 (4, 25) 0.005
Gender, n (%)
Males 7 (28 %) 3 (43 %) 15 % (—18 %, 49 %) 0.64
Females 18 (72 %) 4 (57 %)
BMI + SD 248 £ 4.5 256 £ 5.6 0.8 (—3,5) 0.69
SDD procedures performed for Index operation level, n (%)
symptomatic disc degeneration L3-4 3 (12 %) 0 (0 %) 12 % (—24 %, 30 %) 0.99
without olisthesis, SDD- L4-5 8 (32 %) 7 (100 %) 68 % (27 %, 83 %)  0.002
olisthesis procedures performed
for symptomatic disc L5-S1 14 (56 %) 0 (0 %) 56 % (16 %, 73 %) 0.01
degeneration with grade-I Number of levels fused, n (%)
olisthesis Patients who had 1-level fusion 11 (61 %) 7 (100 %)
* Cage subsidepce into L4 Patients who had 2-level fusion 7 (39 %) 0 (0 %)
;f;i'ﬁri"“"wmg L3-4 Follow-up, months & SD 16£6 1945 3(=2,8) 0.23
. a b
b Cage subsidence into L5 Sub.51dence rate, n (%) 1 (4 %) 4 (57 %) 53 % (17 %, 80 %) 0.004
vertebra following L4-5 Fusion rate, n (%)
procedure in all cases Fused in 3 months 2 (8 %) 2 (29 %) 21 % (=5 %, 56 %) 0.20
¢ All three cases of non-union Fused in 6 months 22 (88 %) 3 (43 %) 45 % (8 %, 13 %) 0.02
uﬂdefwelﬂt feV11§1°“ SufgefydWIth Overall fusion rate 2496 %) 5(72 %) 24 % (=1 %, 60 %) 0.1
tero-lat St 1 .
postero-tateral mstrumente Non-union (18-month follow-up)® 1 (4 %) 2 (28 %) 24 % (—1 %, 60 %) 0.11

fusion

which additionally stabilizes the motion segment using
four angle-locked screws. Biomechanical studies showed
that the stability achieved with this cage is comparable
with the stability of the traditional combined anterior-
posterior approach [34, 35] and is adequate biomechani-
cally for stand-alone anterior fusion [7, 34, 35]. The PEEK
cage with its large area carries most of the forces in flexion,
whereas the integrated plate with the four diverging corti-
cally anchored screws neutralizes the forces in extension
and rotation. A recent study by Strube et al. [7] reported
70.6 % fusion rate using this cage in stand-alone operation
without BMP-2 and 68.7 % fusion when posterior stabil-
ization was added, therefore arguing against the need of
additional posterior stabilization.

In our study stand-alone ALIF with the use of BMP-2
resulted in fusion rate of 90.6 % (29 of 32 procedures) in
18-month follow-up. Similar findings were reported by
Burkus et al. [4] who found 94.4 % fusion rate using the
Medtronic LT-Cage device (metal cage) at 24-month fol-
low-up and 91 % fusion rate at 6-year follow-up [9] fol-
lowing stand-alone ALIF with BMP-2. Five cases of implant
subsidence into the adjacent vertebra occurred in our cohort
(15.6 %) and seems comparable with (or ever lower than)
subsidence rates of 25 % reported in other series [15, 36].
Three of our subsidence cases resulted in symptomatic non-
union which require revision surgery. Significantly more
subsidences (4 of the 5 subsidence cases) occurred in
patients with SDD and olisthesis. The higher subsidence rate

in the SDD-olisthesis group resulted in lower fusion rate
(72 %) compared to the SDD group (96 %). However due to
the small cohort we were not able to determine the signifi-
cance of this difference. To our knowledge, the influence of
olisthetic on fusion rate and subsidence following stand-
alone ALIF was not reported previously.

Complications related to BMP-2 use in ALIF procedures
were reported in previous studies. Postoperative leg pain
without MRI evidence of root compression was reported in
17 % of patients [37], urinary retention and retrograde
ejaculation were reported in 9 % of males [38]. Interestingly,
no BMP-2 related complications were documented in our
cohort. This lack of complications may be explained by the
lower dose of BMP-2 used in our cohort, compared to pre-
vious reports (6 mg/level vs. 12 mg/level respectively [36]),
which may have reduced the dose dependent hyper-inflam-
matory nature of BMP-2. Furthermore, we refrained from
placing BMP-2 anterior or posterior to the cage and placed it
only inside and lateral to it, but still contained within the
annulus. We also irrigated the surgical site thoroughly to
wash out traces of BMP-2 not incorporated into the sponge.
Our findings suggest that the use of 6 mg/level of BMP-2 in
spinal fusion is safe and effective. However, recognizing our
limited cohort we believe that larger studies are required to
determine the optimal dose of BMP in spinal fusion.

Several factors seem to affect the significantly higher
subsidence rate in our SDD-olisthesis group: (1) significantly
older SDD-olisthesis patients (66 years) as compared to SDD
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patients (51 years). Since degenerative spondylolisthesis is a
late sign on the symptomatic degenerated disc continuum [39]
itis not surprising that decreased bone mass density associated
with aging may explain the higher cage subsidence into the
brittle vertebral body [40, 41]. (2) Patients in the SDD-olis-
thesis group with subsidence were found to have significantly
higher BMI (29.2 BMI) than patients who did not have sub-
sidence (22.1 BMI). It has been shown that increased BMI is
associated with factors such as accelerated disc degeneration
[42], increased sacral slope and increased L.1-S1 lordosis, this
postural changes may lead to lumbar olisthesis, increased
instability and cage subsidence [43].

Our study had several potential limitations. First, this
was a retrospective study with a limited cohort, which
reduced the power of the study to detect differences
between the study subgroups and to determine the signifi-
cance of these differences. Second, patients’ ages differ
significantly between the SDD and SDD-olisthesis groups.
The study did not assess bone mineral density and age-
related differences in bone density could potentially affect
our results. Finally, we excluded patients with risk factors
that could affect bone union (e.g. diabetes, smoking, cor-
ticosteroids use, etc.). Excluding these patients may lead to
underestimation of non-union rate.

In conclusion, we found that the overall fusion rate of
stand-alone ALIF using the SynFix-LR system with BMP-
2 was 90.6 %, comparable with other published series. No
BMP-2 related complication occurred with the use of
6 mg/level BMP-2. Subgroup analysis revealed higher
subsidence rate in procedures performed for degenerative
spondylolisthesis in overweight patients. We believe that
for these cases adding posterior stabilization should be
considered.
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