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Abstract
Study design: Retrospective study of 56 consecutive pa-
tients who underwent direct lateral interbody fusion.

Objective: Comparison of 3 graft composites and their 
effect on fusion rate, and the effect of interbody graft on 
disc height and spinopelvic parameters.

Summary of background data: The lateral approach to 
the spine, for spinal fusion, has gained interest from spine 
surgeons in recent years. The approach is less invasive, with 
less blood loss, decreased morbidity, and decreases length 
of stay in the hospital. The procedure has been shown to 
allow indirect decompression of the spinal canal and the 
intervertebral foramen. Segmental interbody arthrodesis 
may result in improved coronal and sagittal balance.

Methods: The results of 56 consecutive patients with 108 
levels of pathology were operated on between 2008 and 
2014 and were subsequently reviewed. The number of 
levels fused, the type of graft material used, the type fixation 
employed, the effect on disc height, regional lordosis and 
spino-pelvic parameters, and the number of complications 
were recorded.

Results: In conjunction with posterior pedicle screws BMP-
2 78%, Autograft/BMA 75%, DBX/BMA 82% showed no 
significant difference in ability to achieve fusion. Anterior 
plating produced a 25% fusion rate and has been aban-
doned. The results demonstrated significant statistical im-
provement of disc height, increase in segmental and region-
al lordosis, SVA correction, and improved PI-LL. Complica-
tions, though frequent, appear transient and usually are not 
apparent by 6 months.

Conclusions: Direct lateral interbody fusion, though fraught 
with many early but temporary complications, has been 
found to effect indirect decompression by increasing disc 
height. Improved SVA, lumbar lordosis, and PI-LL differ-
ence were also noted.
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Introduction
The lateral approach to the spine has gained interest 

from spine surgeons in recent years the approach is less 
invasive, with less blood loss, decreased morbidity, and 
decreases length of stay in the hospital. The procedure 
has been shown to allow indirect decompression of the 
spinal canal and the intervertebral foramen. Segmental 
interbody arthrodesis may result in improved coronal 
and sagittal balance. Interbody fusion has been report-
ed by some to reduce discogenic pain but has been 
associated with increased morbidity with an open ap-
proach. 360 degree fusion has been shown to increase 
fusion rate but again with increased morbidity and in-
creased spinal stiffness [1]. The trans-psoas approach 
may result in spinal nerve irritation as well as well as 
pain from the psoas muscle itself and may result in tem-
porary thigh pain as well as permanent neural injury. 
These findings have prompted us to review our results.

Methods
After obtaining IRB approval, the results of 56 con-

secutive patients operated between 2008 and 2014 
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fused, the superior endplate of L2 and the inferior end-
plate of L3 were used as reference points for measure-
ment. If there was a multilevel fusion, for example L2-
L4, the superior endplate of L2 and the inferior endplate 
of L4 were used as reference points for measurement.

To measure preoperative and postoperative anterior 
disc height, the distance between the anterior inferior 
and anterior superior endplate margins were measured 
on lateral radiographs utilizing Phillips iSite digital line 
measurement tool.

To measure preoperative and postoperative pos-
terior disc height, the distance between the posterior 
inferior and posterior superior endplate margins were 
measured on lateral radiographs utilizing Phillips iSite 
digital line measurement tool.

To determine whether ankylosis across the disc 
space had been achieved at the sites of fusion, AP and 
lateral radiographs were utilized to assess for radio-
graphically visible ankylosis across the disc space. An-
kylosis across the disc space that equaled, or exceed-
ed, one third of the disc space on both PA and lateral 
radiographs was considered adequate ankylosis and/or 
fused.

Sagittal vertical axis (SVA), pelvic incidence minus 
lumbar lordosis (PI-LL), pelvic tilt (PT), sacral slope (SS), 
and lumbar lordosis (LL) were measured according to 
the methods of Legaye, et al. [6], and Schwab, et al. [5].

Results
The one stand alone procedure went on to fusion 

with excellent pain relief.

22 of 26 patients who underwent single level pro-
cedures were found to have solid fusions. 21 of 22 suc-
cessful single level fusions were fixed posteriorly with 
pedicle screws. 5 single level procedures which were 
fixed anteriorly with plate/screw constructs went on 
to failure. DBX and BMA were used as graft material 
in all 5. None sustained vertebral fracture. There was 
1 successful fusion achieved with anterior plate/screw 
fixation which used autograft and BMA. 7 of 7 single 
level procedures utilizing DBX, BMA and pedicle screws 
achieved fusion. 7 of 8 single level procedures which uti-
lized BMP2 went on to fusion. 6 of 7 with single level 
procedures utilizing BMA and autograft went on to fu-
sion (Table 1 and Table 2).

8 of 13 two level fusions went on to solid fusion. 7 
of 8 of these utilized pedicle screws, with 3 using BMP 
and 3 using BMA/DBX and I using BMA/Autograft. I case 
was fixed anteriorly with plate and screws and used 
BMA/Autograft. 4 of the failures utilized pedicle screw 
fixation 2 with BMP, 1 with BMA/Autograft and 1 with 
BMA/DBX. The other 2 level failure was with anterior 
screw/plate fixation with BMA/Autograft.

10 of 13 three level fusions went on to fusion. All 13 
used pedicle screw fixation. Of the 10 who went on to 

were reviewed. Standard lateral approach through the 
external oblique, internal oblique, and transversalis fas-
cia was employed followed by dilatation and insertion 
of a stabilized retractor allowing direct vision of the in-
tervertebral disc. Clysdale implants (Medtronic) were 
used in all but one patient who had a previous discitis. 
This patient received a titanium cage. EMG monitoring 
was employed at all levels [2].

There were 108 spinal levels total. 26 patients had 
single level procedures, 13 had 2 level procedure, 13 
had 3 level procedures. 3 had 4 levels and 1 had 6 levels 
performed. All except one patient had back up instru-
mentation. 8 patients received anterior plate fixation. 
47 patients received posterior pedicle screw fixation. 6 
of these were percutaneous with remainder receiving 
posterior-lateral fusion [3]. 21 patients received bone 
morphogenic protein-2 (BMP-2 Infuse Medtronic). 12 
patients received autograft and bone marrow aspirate 
(BMA). 23 patients received demineralized bone matrix 
(DBX) and BMA [4].

13 patients underwent long fusions defined as in-
strumentation and fusion from L2 or above to L-5 or the 
sacrum. In general multiple interbody technique was re-
served for those patients experiencing significant back 
or leg pain who demonstrated Schwab/SRS class P [5] 
sagittal balance. In this group, pelvic incidence, as well 
as pre-operative and post-operative sagittal vertical axis 
(SVA), pelvic incidence minus lumbat lordosis (PI-LL), 
pelvic tilt (PT), sacral slope (SS), and lumbar lordosis (LL) 
were measured and recorded.

Pre-operative and post-operative anterior and pos-
terior disc heights were measured and recorded. In 
addition pre-operative and post-operative segmental 
and regional lordosis were also measured and record-
ed. Those patients who went on to fusion of all surgical 
levels were recorded as well as those who failed to fuse 
at least one level. All measurements and fusion deter-
minations were made by an independent radiologist. 
Finally complications were reviewed and recorded.

Radiologic measurements: To measure preopera-
tive and postoperative regional lordosis, the Cobb angle 
method was used on lateral radiographs, utilizing the 
Phillips iSite digital angle measurement tool. The supe-
rior endplate of L1 and the superior endplate of S1 were 
used as reference points for measurement. There were 
a few cases where T12-L1 was fused, and in these cas-
es, the superior endplate of T12 was used for reference. 
In cases where there was fusion of L5-S1, the superior 
endplate of S1 was used for reference.

To measure preoperative and postoperative seg-
mental lordosis, the Cobb angle method was used on 
lateral radiographs, utilizing Phillips iSite digital angle 
measurement tool. The superior and inferior endplates 
on either side of the fused levels were used as refer-
ence points for measurement. For example, if L2-L3 was 
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fusion 4 used BMP, 4 BMA/DBX, and 2 BMA/Autograft. 
The 3 failures used BMP in 1 and 2 used BMA and DBX 
2 of 3 four level procedures went on to fusion. Pedicle 
screw instrumentation was used in all three. All three 
used BMA/DBX as graft material.

The single 6 level procedure utilized pedicle screws 
and BMP and fused at all levels. In the long fusion 
group the pre-operative SVA was reduced on average 
from 6 cm to 3 cm. PI-LL was reduced from a mean of 
15° to a mean of 9°. Pre-operative lumbar lordosis was 
increased from 34° to 45° on average. Pelvic tilt and 
sacral slope remained unchanged at PT 22° and SS 29° 
to 30° respectively [7].

Anterior disc heights increased on average from 6° 
to 13° from pre to post-op, while posterior disc heights 
increased from 4° to 8°. Segmental lordosis increased 
from 15° pre-op to 21° post-op. Regional lordosis 
increased from 36° pre-op to 42° post-op.

Complications
14 of 55, 25%, complained of thigh pain. All but 2 

resolved within 3 months. There were 5 patients who 
experienced a temporary neural deficit [4]. One was a 
patient with spinal dysraphism whose femoral nerve 

was visually retracted during the procedure. In another 
a Kitner was lost during the procedure requiring enlarg-
ing the wound and probing until it was found. Another 
patient had a pedicle screw misplaced during an O-arm 
approach, requiring re-direction of the screw. Although 
there was no motor deficit the patient has complained 
of a persistent radiculopathy. One patient had 4/5 
strength of iliopsoas and quadriceps. And finally one pa-
tient required thrombectomy of the external iliac artery 
during an ancillary L5-S1 ALIF with temporary foot drop 
[8]. All patients improved to ambulatory status within 6 
months (Table 3).

There was I patient who underwent a single level 
L1-2 DLIF and presented two weeks post-op with a 
perforated colon in the area of the surgical approach [9]. 
She was managed non-operatively and fully recovered. 
Whether this was an operative perforation or ruptured 
diverticulum could not be determined.

One patient who underwent a 2 level DLIF combined 
with a posterior decompression and fusion sustained a 
neurogenic bladder.

A patient with a 6 level DLIF and another with a 3 
level DLIF plus 2 level ALIF both developed proximal 
junctional kyphosis and both required revision with 
extension into the upper thoracic spine [10].

Discussion
The results of our study would indicate that the is no 

significant difference between demineralized bone ma-
trix and bone marrow aspirate (82%), BMP-2 (78%), or 
autograft (73%) when performing an interbody fusion 
through a lateral approach when supplemented poste-
riorly with pedicle screw fixation (Table 1). One must be 
aware however that 40 of the patients also had poste-
rior-lateral fusion. 6 patients underwent percutaneous 
pedicle screw fixation, 2 with BMP, and 3 with DBX and 
BMA with successful fusion (83%). Only 1 patient with 
auto graft and BMA failed to obtain fusion in the percu-
taneous group.

In single level procedures 91% achieved fusion with 
any of the graft materials. It would appear that anterior 
fixation with a screw plate device is unwise when using 
DBX and BMA since all patients failed when using this 

Table 1: Graft type vs. fusion rate.

Graft Fused Total % Fused
no yes

BMP-2 Stand alone 0 1 1 100%

BMP-2 Pedicle Screws 4 14 18 78%

Plate 0 0 0 0%

Total 4 14 18 78%

Auto/BMA Pedicel Screws 3 9 12 75%

Plate 1 2 3 67%

Total 4 11 15 73%

BMA/DBX Pedicle Screws 3 14 17 82%

Plate 5 0 5 0%

Total 8 14 22 64%

Total Pedicle Screws 6 41 47 87%

Plate 6 2 8 25%

Total 13 43 56 77%

Table 2: Number of levels.

Levels Instrumentation # Fused %
1 26 22 85

Pedicle screws 22 21 95

Anterior plate 4 1 17

2 13 8 62

Pedicle screws 11 7 64

Anterior plate 2 1 50

3 Pedicle screws 13 10 77

4 Pedicle screws 3 2 67

5 Pedicle screws 1 1 100

Table 3: Complications.

Complications # %
Thigh Pain 14 25

Pseudarthrosis 13 23

Neural deficit 5 9

PJK 1 3.6

Bowel Injury 1 1.8

Vascular Injury 1 1.8

Neurogenic Bladder 1 1.8

Muscle Weakness 2 1.8
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When performing multilevel procedures one should 
be cautious if stopping at the thoracolumbar junction as 
witnessed by the two patients who developed PJK and 
required revision to the upper thoracic spine. Such pro-
cedures result a multi-level rigid segment with a signif-
icant anterior vector at the upper end of the construct 
[15].

Although our changes in disc height, segmental lor-
dosis, SVA, lumbar lordosis, and pelvic incidence - lum-
bar lordosis difference are statistically significant (Table 
2), one may criticize our study in that we did not per-
form outcome studies which would added meaning to 
the radiologic measurements. Our fusion rate is lower 
than previous reports. Some levels were performed un-
der supervision by inexperienced residents. Preparation 
of the disc space may have been a factor. The rigorous 
definition of a solid fusion may also play a roll [16-18].
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