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Abstract
Background:

Anterior lumbar interbody fusion (ALIF) is a well-established treatment with various advantages and disadvantages. One
speci�c advantage of   ALIF combined with posterolateral fusion is the high union rate. Using poly-ether-ether-ketone
(PEEK) cages for ALIF procedure takes advantage of the relative radiolucency of PEEK cages .The goal of this study was to
determine the radiological outcomes and complications after ALIF surgery.

Methods:

Retrospective review of patients with ALIF (PEEK cage) surgery. Complications were noted. Bone union determined with
Bridwell classi�cation. Pre and post-operative X-rays, X-rays at the last follow-up reviewed. Anterior-posterior disc space
height, segmental lordosis at the ALIF levels, lordosis of global lumbar columna measured.

Results:

56 patients (M:25, F:31) and 80 ALIF cages were reviewed. The respective median age of surgery and follow-up
duration(months) for these subgroups were; 47(37-54) / 14(12-24), 45(40-52) / 22(14-27), 57(51-62) / 17(16-25). The
number of complications associated with the anterior approach were 9/56 or 16,0%. Bridwell fusion status were; 1 in 72
cages, 2 in 6 cages and 4 in 2 cages. The anterior disc space height and posterior disc space height   L3/L4, L4/L5, L5/S1
signi�cantly increased from preoperatively to immediately postoperatively and compared to the distance at last follow up.
The anterior disc space height and posterior disc space height L4/L5, L5/S1 decreased signi�cantly from immediately
postoperatively to last follow-up. In L4/L5, the decrease in posterior disc space height from immediately postoperatively to
last follow up was insigni�cant. Only for the L5/S1 level did the segmental lordosis increase signi�cantly from
preoperatively to immediately postoperatively and compared to the angle at last follow-up. No signi�cant changes were
noted in the lordosis of global lumbar columna measurements.

Conclusions:

The use of ALIF (PEEK cage) with posterior �xation resulted in very low non-union rate (2,5%). The approach related
complications are comparable to the literature.

Background
Anterior lumbar interbody fusion (ALIF) is a well-established treatment. The retroperitoneal approach

used for ALIF enables removal of all disc material and a release of the anterior structures enabling restoration of the height
of the intervertebral space and sagital balance. The ALIF cage and a posterior pedicle screw system combination create a
stable situation for bony union. There are speci�c complications associated with the ALIF approach: relaxation of the
rectus muscle, vessel lesions, ureteral damage, retrograde ejaculation etc. [1]. However, one speci�c advantage of ALIF
combined with posterolateral fusion is the high union rate. Non-union of the bone graft is only observed in on average 5%
of cases [2, 3]. Combined with percutaneous posterior stabilization, the risk of posterior paravertebral musculature damage
and dural tear is minimized[9]. Using poly-ether-ether-ketone (PEEK) cages for ALIF procedure takes advantage of the
relative radiolucency of PEEK cages which eases the observation of anterior bone graft healing. PEEK cages have elasticity
closer to bone than titanium and shows less subsidence - maybe at the cost of lower fusion rates and osteolysis.

This study reports on the use of a PEEK cage for ALIF (SynCage Evolution) at Aalborg University Hospital from 2014 to
2021 with emphasis on the pre- and postoperative radiological parameters and complications associated with the use of
SynCage Evolution or attributed to the retroperitoneal approach.
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Methods
We retrospectively reviewed 56 cases of ALIF where SynCage Evolution was used between 2014 and 2020. In this period,
SynCage Evolution was the only anterior cage used.

All Danish patients have a unique personal identi�cation number. Searching the national Danish registry resulted in a list of
patients identi�ed with their unique personal identi�er. 56 patients ful�lled the criteria. The patient records were scrutinized
for complications during surgery, in the perioperative period and through the 1-year outpatient control or to the last follow-
up, whichever was later. Likewise, radiographs in the picture archiving and communication system (PACS) were reviewed
and the radiographic measurements were recorded. The search for complications and radiograph measurements were
recorded by the same unbiased observer (AD).

In all cases, the ALIF was combined with a posterior instrumented fusion performed as either a traditional open posterior
approach (circumferential fusion, 360 degree) or using a percutaneous minimal invasive approach (270-degree fusion). In
the former, bone graft was placed posterolaterally between the transvers processes. If necessary, decompression of the
spinal canal was performed. In the latter, bone graft wasn’t used posteriorly and decompression was only indirect by the
ALIF procedure. If decompression were necessary and couldn’t be performed by indirect decompression (anteriorly), a
traditional pedicle screw system was used combined with posterior decompression – otherwise a percutaneous pedicle
screw system was used. Up to three levels from L3-S1 were fused. The inclusion criteria were 1) ALIF procedure with
SynCage Evolution at Aalborg University Hospital 2014–2020, 2) patients older than 18 years of age with back and/or leg
pain, 3) no effect of conservative treatment for at least a duration of 3 months before the surgical procedure, 4) a diagnosis
of degenerative disc disease or spondylolisthesis grade 1 or 2 (Meyerdings grading) or nonunion after an earlier attempt of
posterolateral fusion (computed tomography(CT)/magnetic resonance imaging(MRI) and digital radiography). The
exclusion criteria were 1) follow-up less than 1 year postoperatively, 2) inadequate or missing radiography, 3) osteotomy
procedure at the lumbar spine, 4) patients with a medical condition affecting bone healing.

Firstly, anterior retroperitoneal approach was used for ALIF through a lateral paramedian incision on the left side with
retraction of the rectus musculature either medially or laterally. The transverse fascia was incised and the retroperitoneal
space was opened. After blunt dissection, the L5/S1 disc was approached between the iliac vessels. The L3/L4 and L4/L5
disc space was approached from the left side with retraction of the vessels medially. In all cases, the SynFrame® retractor
was used. The disc space was opened with a rectangular incision and a total discectomy was performed. The endplates
were prepared until punctiform bleeding from the endplates was observed. If necessary, a posterior release with resection of
some or the whole of the posterior longitudinal ligament was undertaken. After sizing, the SynCage Evolution was packed
with bone graft either allo-, autograft or a combination. The cage was then inserted under �uoroscopy control. Afterwards,
all patients underwent posterior �xation with different pedicle screw systems. In 30 patients a percutaneous pedicle screw
system was used – Viper 24 (DePuy Synthes) and Revolve 6 (Globus Medical). In the last 26 patients Expedium – DePuy
Synthes(1), Legacy – Medtronic (1), Solera – Medtronic (1), Vitality – Zimmer Biomet (7) and XIA – Stryker (16) were used
in a standard fashion.

Preoperative, immediately postoperative and at the least a 1-year radiographic control was undertaken. The radiographic
control included anterior and lateral standing digital radiographs of the lumbar spine. On the digital radiographs, the
following were measured at the 3 points in time indicated above: lordosis from the upper endplate of L1 to the endplate of
S1, segmental lordosis at the ALIF levels from the upper endplate of the cranial level to the lower endplate of the caudal
level with the obvious exception of the L5/S1 level, anterior and posterior disc space height according to Dabbs criteria [4,
5], subsidence and endplate fracture, assessment of fusion according to the criteria of Bridwell [6], listhesis grade
according to Meyerding, and signs of adjacent level disease. To account for magni�cation differences, the length of the
upper endplate of L3 from the anterior to the posterior corner was measured on each of the three radiographs. Based on
this, a magni�cation factor could be calculated.
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The data were registered in an Excel sheet and later imported into RStudio, R version 4.0.2. The variables are presented as
mean and standard deviation (SD) or median and range. The signi�cance level was set at p <

1. Non-parametric statistical analysis of the different outcomes was undertaken using Wilcoxon or Kruskal-Wallis rank
sum test. Only base R functions were used. Tables were constructed using the gtsummary package and the
tbl_summary function.

Results
See Table 1 for demographics, diagnosis, and other key �gures. 80 cages inserted from L3 to S1: 7 at L3/L4, 34 at L4/L5
and 39 at L5/S1. SynCage Evolution cages with footprint medium or large used in most cases and a few with footprint
small. The height of cages varied between 9-19mm and the built-in lordosis from 6°-19°.

Table 1
Demographics and Key Figures Syncage Patients

Demographics and Key Figures Syncage Patients

Characteristic Discdeg. N = 331 Listh. N = 161 Nonunion N = 71

Age_Surgery 47(37–54) 45(40–52) 57(51–62)

Gender      

Female 20(61) 10(62) 1(14)

Male 13(39) 6(38) 6(86)

Degree_Fusion      

270 25(76) 6(38) 0(0)

360 8(24) 10(62) 7(100)

Cage_Numbers      

1 18(55) 12(75) 6(86)

2 12(36) 3(19) 1(14)

3 3(9.1) 1(6.2) 0(0)

Follow_Up_M 14(12–24) 22(14–27) 17(16–25)

1Median (IQR); N(%)      

Spondylolisthesis classi�ed as isthmic in all 16 cases and graded as Meyerding 1 in 5 cases and as 2 in 11 cases. Post-
operatively, one patient had a non-union at two levels. This patient continued to use non-steroidal anti- in�ammatory drugs
(NSAIDs) during �rst year after surgery – contradictory to the given advice. The patient got

reoperated with a posterior approach by insertion of TLIF cages and bone graft after removal of as much as possible of the
two SynCage Evolution cages. These were the only complications directly associated with SynCage Evolution. The non-
union rate was 1.8 percent of patients (1/56) or 2.5 percent of cages (2/80).

Bridwell fusion status was classi�ed as 1 in 72 cases (cages) (90%) and as 2 in 6 cases (7.5%) and as 4 (de�nitely a non-
union) in the 2 above mentioned cases (2.5%).

There were seven peri-operative complications in 7 patients, three of which required reoperation.
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Complications due to anterior approach (intraoperatively) were 3 venous lesions which were sutured immediately and
caused minimal bleeding. In two patients, one pedicle screw was misplaced causing radicular pain and necessitating a
second operation a few days after initial surgery (2/56 patients (3.6%) and 2/272 pedicle screws (0.7%)). It was possible to
correctly place the two screws at the second operation. The two misplaced screws missed medially and didn’t cause
muscle weakness or paralysis. There was one postoperative renal dysfunction registered – normalized with �uid therapy
after a few days. Lastly, there was one rupture of the rectus abdominis and transverse fascia which needed mesh
augmentation.

There were additionally sixteen complications in 16 patients beyond the peri-operative period and through the follow-up
period. One loose pedicle screw was removed. One super�cial infection of the anterior incision was treated successfully
with debridement and antibiotics. Four relaxations/paresis of the left rectus abdominis musculature were registered. One
posterior deep infection was treated successfully with removal of the pedicle screws and rods on one side and debridement
and antibiotics for 6 weeks. In 7 cases, the posterior instrumentation was removed after 1 year because of discomfort
related to the posterior instrumentation. These reoperations weren’t indicated because of implant loosening/failure, non-
union or infection. The removal of the posterior instrumentation didn’t change the complaints of patients and we don’t
consider this as a complication. Two adjacent level degenerations were registered and treated with fusion ± 
decompression.

The magni�cation factor from preoperatively to immediately postoperatively was mean/SD 0,68/0,35 and from
preoperatively to last follow-up 0,89/0,32.

The height changes and changes in segmental lordosis are shown in Table 2 to Table 5. The number of unknown (= 
missing) or missing in Tables 2 to 5 is a result of the fact that obviously not all 56 patients were fused on all 3 levels – only
80 cages were inserted in the 56 patients.
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Table 2
Changes in intervertebral/disc height level by level (Dabbs method)

Height Changes All levels, 80 cages

Characteristic N = 561 N = 561 N = 561

Ant. Height Change L3-L4 Preop to immediately Postop* 10.24(4.00)[49]    

Ant. Height Change L3-L4 Preop to last Postop* 9.3(5.3)[49]    

Ant. Height Change L3-L4 immediately Postop to last Postop -0.97(1.80)[49]    

Post. Height Change L3-L4 Preop to immediately Postop* 4.34(2.11)[49]    

Post. Height Change L3-L4 Preop to last Postop* 3.94(3.92)[49]    

Post. Height Change L3-L4 immediately Postop to last Postop -0.40(2.64)[49]    

Ant. Height Change L4-L5 Preop to immediately Postop**   9.9(5.8)[22]  

Ant. Height Change L4-L5 Preop to last Postop**   8.0(6.0)[22]  

Ant. Height Change L4-L5 immediately Postop to last Postop**   -1.91(2.60)[22]  

Post. Height Change L4-L5 Preop to immediately Postop**   4.8(3.5)[22]  

Post. Height Change L4-L5 Preop to last Postop**   4.1(3.7)[22]  

Post. Height Change L4-L5 immediately Postop to last Postop   -0.70(2.28)[22]  

Ant. Height Change L5-S1 Preop to immediately Postop**     10.4(6.8)[17]

Ant. Height Change L5-S1 Preop to last Postop**     8.4(6.0)[17]

Ant. Height Change L5-S1 immediately Postop to last Postop**     -2.0(3.3)[17]

Post. Height Change L5-S1 Preop to immediately Postop**     4.56(3.46)[17]

Post. Height Change L5-S1 Preop to last Postop**     3.22(2.94)[17]

Post. Height Change L5-S1 immediately Postop to last Postop**     -1.33(2.38)[17]

1Mean (SD)[N missing]

All Heights increasing or (decreasing) signi�cantly from preop to immediately Postop to last follow-up are marked with
* (p < 0.05* or p < 0.001**) Signi�cant decreases only from immediately Postop to last follow-up.Wilcoxon rank sum test.
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Table 3
Changes in segmental Lordosis level by level.

Changes in Lordosis All Levels

Characteristic N = 561 N = 561 N = 561

Change in segmental Lordosis L3-L4 Preop to immediately Postop -2.1(7.0)[49]    

Change in segmental Lordosis L3-L4 Preop to last Postop -1,6(4.8)[49]    

Change in segmental Lordosis L3-L4 immediately Postop to last Postop -0.5(5.8)[49]    

Change in segmental Lordosis L4-L5 Preop to immediately Postop   1.4(6.0)[22]  

Change in segmental Lordosis L4-L5 Preop to last Postop   0(8)[22]  

Change in segmental Lordosis L4-L5 immediately Postop to last Postop   1.3(5.5)[22]  

Change in segmental Lordosis L5-S1 Preop to immediately Postop     5(9)[17]

Change in segmental Lordosis L5-S1 Preop to last Postop     4(8)[17]

Change in segmental Lordosis L5-S1 immediately Postop to last Postop     0.6(6.2)[17]

1Mean (SD)[N missing]      

Table 4
Changes in anterior and posterior intervertebral distance all levels grouped together (Dabbs Method)

  Change in Ant. Inter-vertebral Distance Change in Post. Inter-vertebral Distance

Characteristic Last Follow-Up, N 
= 1681

Preop, N = 
1681

p-
value2

Last Follow-Up, N 
= 1681

Preop, N = 
1681

p-
value2

Syncage_Ant_Height 16(13–20) 9(7–10) < 0.001      

Unknown 88 88        

Syncage_Post_Height       7.40(5.77–10.17) 4.30(3.50–
5.40)

< 0.001

Unknown       88 88  

1Median(IQR)

2Wilcoxon rank sum test
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Table 5
Changes in segmental Lordosis all levels grouped together

  Change in Lordosis Pre- to
immediately Postop

Change in Lordosis Pre- to
last Postop

Characteristic Immediately
Postop, N = 
1681

Preop,
N = 
1681

p-
value2

Last
follow-
up, N = 
1681

Preop,
N = 
1681

p-
value2

Segmental_Lordosis_Preop_to_immediately_Postop 23(17–29) 19(15–
27)

0.068      

Unkown 88 88        

Segmental_Lordosis_Preop_to_Last_Follow_Up       24(16–
27)

19(15–
27)

0.13

Unkown       88 88  

1Median(IQR)

2Wilcoxon Rank Sum Test

Tables 2 and 3. So while there potentially were 168 levels (3 x 56), only 80 were fused. This results in 88 unknown (168 − 
80) in Tables 4 and 5. The anterior and posterior intervertebral distance L3/L4 signi�cantly increased from preoperatively to
immediately postoperatively and compared to the distance at last follow up (p < 0.05) but not from immediately
postoperatively to last follow-up. The anterior and posterior intervertebral distance L4/L5 increased signi�cantly from
preoperatively to immediately postoperatively and compared to last follow up (p < 0.001). The anterior distance L4/L5
decreased signi�cantly from immediately postoperatively to last follow-up (p < 0.001) but the posterior intervertebral
distance didn’t (p = 0.09). The anterior and posterior intervertebral distance L5/S1 increased signi�cantly preoperatively to
immediately postoperatively and at last follow up and decreased signi�cantly from immediately postoperatively to last
follow-up (p ≤ 0.001).

Only for the L5/S1 level did the segmental lordosis increase signi�cantly from preoperatively to immediately
postoperatively and compared to the angle at last follow-up (p ≤ 0.005). This was mainly caused by a signi�cant increase
in lordosis for the patients with degenerative disease compared to the two other diagnostic categories (p = 0.03).

Comparing percutaneous posterior instrumentation to traditional pedicle screw systems, we weren’t able to show any
signi�cant differences neither for the changes in intervertebral distances nor for the changes in segmental lordosis.

The difference in global lordosis from preoperatively (mean/SD 47.7/12.8) to last follow-up was mean/SD -0.53/7,8 (non-
signi�cantly decreased) – in 17 patients this distance couldn’t be measured on the available radiographs at the last follow-
up.

Discussion
This study corroborates the low number of non-unions after ALIF registered in other studies [3, 7, 8]. This may be attributed
to the wide footprint of the ALIF cage and the complete removal of disc material which is only possible with the anterior
approach.

The number of complications associated with the anterior approach were 9/56 or 16,0%. The 5% rate of venous lesions is
comparable to other studies [9]. In one patient with a very thin muscle fascia, it was almost unavoidable that the fascia had
to be augmented with a mesh. We didn’t register ureter damage or retrograde ejaculation. The relaxation/paresis of the
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rectus abdominis is frequently seen after a retroperitoneal approach via the lateral paramedian approach and didn’t result
in any reoperations [10] – surprisingly this complication is often not included in the list of complications after ALIF. The
number of complications associated with the anterior approach is comparable to the literature [1]. We didn’t encounter any
nerve damage caused by the anterior approach or the cage insertion. Reported complication rates are highly variable
across studies from 14.5–38% [1] - probably re�ecting the retrospective nature of most studies as well as our study.

The two medially-oriented screws which revised a few days after initial surgery caused radicular pain for a prolonged
period. Before removal of the posterior instrumentation in the above mentioned 7 cases, MRI and CT was undertaken.
Fusion of the anterior graft was con�rmed; implant loosening and breakage were ruled out. The posterior complication rate
can then be calculated as 4/56 or 7.1%.

This study showed that the use of PEEK anterior cages results in a lasting and important increase in disc height/
intervertebral distance both posteriorly and anteriorly at all levels. This was highly signi�cant when all cages were grouped
together. This must improve foraminal height and supports indirect decompression. Some of the increase in intervertebral
distance is lost in the �rst year after surgery. However, the amount of subsidence is low and the resulting increase remains
statistically signi�cant. PEEK cages have an elastic modulus nearer bone than titanium implants. Studies showed less
subsidence for the PEEK cages compared to titanium [7, 11].

The global lordosis was unchanged. However, these patients weren’t in need of deformity surgery. The mean lordosis was
within reasonable ranges preoperatively. Only for the L5/S1 level did the segmental lordosis change (increase) signi�cantly.
This is mainly explained by a signi�cant increase for the degenerative group and to a lesser extent for the spondylolisthesis
group. When all levels were grouped together the increase was almost signi�cant from preoperatively to immediately
postoperatively and a tendency was also evident at last follow-up. The non-union cases with prior posterior surgery were
almost unchanged after surgery. Any increase in lordosis requires that the cages chosen will increase the lordosis – this
comes at a price. All other things being equal, a cage with more lordosis and without screw �xation will be more prone to an
anterior translation. Secondly, the amount of lordosis which can be achieved depends on the amount of release which is
possible at the level being treated.Percutaneous pedicle screw systems functioned as well as the traditional pedicle screw
systems when posterior decompression was unnecessary. The paravertebral musculature and surgical trauma can be
minimized this way [12].

The limitations are the retrospective nature of the study and the lack of patient reported outcomes. Most other studies of
ALIF cages are on the same level of evidence as our study. However, the randomized controlled trials often don’t report the
radiographic results in detail [13]. The strength of our study is a precise measurement of the radiographic results of ALIF
with PEEK cages. This made possible by the advent of digital radiography and helped further by the radiolucency of the
PEEK cages.

Conclusions
The use of a PEEK cage SynCage Evolution with posterior �xation resulted in a very low nonunion rate of 2.5%. The
approach related complications are comparable to the literature. The intervertebral height measured according to Dabbs
increased highly signi�cantly both anteriorly and posteriorly supporting indirect decompression. The mean subsidence was
1-2mm in the �rst year after surgery depending on the level. A subsidence rate of 1–2 mm probably has no clinical
relevance as the increase in height was still statistically signi�cant at last follow-up. The segmental lordosis increased
signi�cantly at the L5/S1 level but was unchanged at the levels L3/L4 and L4/L5.

Grouped together, lordosis tended to increase.
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