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OBJECTIVE Whereas the benefits of indirect decompression after lateral lumbar interbody fusion are well known, the
effects of anterior lumbar interbody fusion (ALIF) have not yet been verified. The purpose of this study was to evaluate
the clinical and radiological effects of indirect decompression after ALIF for central spinal canal stenosis. In this report,
along with the many advantages of the anterior approach, the authors share cases with good outcomes that they have

encountered.

METHODS The authors performed a retrospective analysis of 64 consecutive patients who underwent ALIF for central
spinal canal stenosis with instability and mixed foraminal stenosis between January 2015 and December 2018 at their
hospital. Clinical assessments were performed using the visual analog scale score, the Oswestry Disability Index, and
the modified Macnab criteria. The radiographic parameters were determined from pre- and postoperative cross-sectional
MRI scans of the spinal canal and were compared to evaluate neural decompression after ALIF. The average follow-up

period was 23.3 + 1.3 months.

RESULTS All clinical parameters, including the visual analog scale score, Oswestry Disability Index, and modified
Macnab criteria, improved significantly. The mean operative duration was 254.8 + 60.8 minutes, and the intraoperative
bleeding volume was 179.8 £ 119.3 ml. In the radiological evaluation, radiological parameters of the cross-sections of the
spinal canal showed substantial development. The spinal canal size improved by an average of 43.3% (p < 0.001) after
surgery. No major complications occurred; however, aspiration guided by ultrasonography was performed in 2 patients

because of a pseudocyst and fluid collection.

CONCLUSIONS ALIF can serve as a suitable alternative to extensive posterior approaches. The authors suggest that
ALIF can be used for decompression in central spinal canal stenosis as well as restoration of the foraminal dimensions,

thus allowing decompression of the nerve roots.

https://thejns.org/doi/abs/10.3171/2020.7.SPINE191335
KEYWORDS anterior lumbar interbody fusion; ALIF; degenerative disc disease; foramen measurement; central spinal

canal measurement; indirect decompression

for use in patients who do not respond to conserva-

tive treatment. Among the many surgical choices,
spinal fusion plays an important role in addressing debili-
tating low-back and leg pain related to continued abnormal
motion of the affected segments."?> Whereas the benefits
of indirect decompression after lateral lumbar interbody
fusion are well known,>” and although several studies
have demonstrated significant indirect foraminal decom-

l UMBAR surgery has become an alternative strategy

pression after anterior lumbar interbody fusion (ALIF),5-!!
little is known about the results of indirect decompression
of the central spinal canal after ALIF. There have been
no studies on the degree of decompression resulting from
indirect decompression without posterior decompression
in central spinal canal stenosis. The purpose of this study
was to evaluate the clinical and radiological effects of in-
direct decompression after ALIF for central spinal canal
stenosis.

ABBREVIATIONS ALIF = anterior lumbar interbody fusion; DSCSA = dural sac cross-sectional area; ODI = Oswestry Disability Index; VAS = visual analog scale.
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FIG. 1. The MRI grade is dependent on the morphology and density of the rootlets in the CSF, as seen on axial images. A: The
DSCSA was measured based on axial MRI scans. B: Grade A (no or minor stenosis): the CSF is clearly visible inside the dural sac
(star), but rootlet distribution is inhomogeneous (arrow). C: Grade B (moderate stenosis): the rootlets occupy the whole of the dural
sac, but they can still be individually identified. D: Grade C (severe stenosis): the dural sac presents only a homogeneous gray
signal with no CSF signal visible (red arrow), and the rootlets cannot be recognized. There is epidural fat present posteriorly (white
arrow). Figure is available in color online only.

Methods
Study Subjects

We performed a retrospective analysis of 64 consecu-
tive patients who underwent ALIF for central spinal canal
stenosis with instability and mixed foraminal stenosis and
who were treated by the same team of spinal and vascu-
lar surgeons in our hospital between January 2015 and
December 2018. The indications included radiculopathy,
neurological deficits, and/or severe low-back pain with ra-
diological evidence of recurrent disc herniation, foraminal
stenosis, or degenerative disc disease, along with a lack of
symptom resolution with conservative treatment.

Patients with a history of posterior fusion or laminec-
tomy and less than 12 months of postoperative radiologi-
cal or clinical follow-up data were excluded. The ALIF
procedure was performed with a standard minimally in-
vasive retroperitoneal approach for removal of the ante-
rior longitudinal ligament, discectomy, and placement of a
polyetheretherketone interbody implant of an appropriate
height and for appropriate lordosis with a percutaneous
pedicle screw system at the interbody fusion level. Cages
filled with allograft bone chips and bone morphogenetic
protein—2 were placed into the intervertebral spaces, and
the remaining space was filled with allograft bone chips.

We used the dural sac cross-sectional area (DSCSA)
as a measure of lumbar central spinal canal stenosis. Ra-
diographic parameters were determined using MRI scans
reflecting DSCSA of the spinal canal and were compared
preoperatively, on postoperative day 2, and at the last fol-
low-up to evaluate neural decompression after ALIF. The
average follow-up period was 23.3 + 1.3 months, and the
average follow-up period for the last MRI session was 20.8
+ 3.1 months after surgery.

This investigation was conducted in accordance with
our agency guidelines, which comply with international
laws and policies, and was approved by The Leon Wiltse
Memorial Hospital Institutional Review Board.

Evaluation of the Radiological and Clinical Results

Radiological data were compared based on the preop-
erative and latest follow-up spine MRI scans. We analyzed

the diagnosis, operative level(s), and central spinal canal
dural diameter on the radiological images. T2-weighted
midsagittal MRI scans were used to obtain standardized
central spinal canal measurements based on the DSCSA.
Single slices through the disc center were obtained on the
axial view to measure and compare the DSCSA under
the same conditions. The outer border of the dura mater
was manually traced on the selected axial slice, and the
enclosed area was measured as the DSCSA. The extent
of decompression was calculated according to the percent
increase in the DSCSA, as follows: (last follow-up DSCSA
— preoperative DSCSA)/preoperative DSCSA x 100%.4¢
All measurements were made digitally using computer
software (Fig. 1).

The grade of spinal stenosis was evaluated using the
MRI scans according to Schizas® MRI grading scale,”
which has previously been used for the precise evaluation
of the degree of indirect neural decompression after lateral
lumbar interbody fusion;'? this grade depends on the mor-
phology and density of rootlets in the CSF, as observed in
an axial image. Schizas’ MRI grading scale is as follows:
grade A (no or minor stenosis)—there is CSF clearly visible
inside the dural sac, but its distribution is inhomogeneous;
grade B (moderate stenosis)—rootlets occupy the whole of
the dural sac, but they can still be individually identified;
and grade C (severe stenosis)—the dural sac presents only
a homogeneous gray signal with no CSF signal visible, and
rootlets cannot be recognized (Fig. 1). Preoperative, postop-
erative, and last follow-up values (DSCSA, lordosis angle,
and disc height) were measured by three inspectors who
were blinded to this study. The values were determined us-
ing the average of the values obtained by the three inspec-
tors. The Schizas” MRI grading scale was also evaluated
one time by three inspectors, and the final decision grade
was obtained when two or more of the same grades were
received. There were no cases with three different grades
(grades A, B, and C). The interrater agreement of the ste-
nosis grade was calculated using Fleiss kappa'* coefficients
and R 3.1.2 for Windows software.

Additionally, we investigated the relationship between
radiological factors and DSCSA. The efficacy outcomes,
including the visual analog scale (VAS) scores for back
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TABLE 1. Summary of demographic and diagnostic data in
patients with central spinal canal stenosis

Group Total

No. of patients 64
No. of spinal fusion levels 123
Sex ratio (F/M) 48:16
Age in yrs (mean + SD) 67.8+8.5
Diagnosis (no. of patients)

Spondylolisthesis 17

Degenerative disc disease 19

Foraminal stenosis 48
No. of fusion levels

1 21

2 30

3 10

4 3
Spinal fusion level

L1/2 0

L2/3 3

L3/4 24

L4/5 55

L5/S1 41
Percutaneous pedicle screw fixation (no. of patients) 64

and leg pain,” the Oswestry Disability Index (ODI),'¢ and
the modified Macnab criteria,”” were measured preopera-
tively, postoperatively, and at the last follow-up. The modi-
fied Macnab criteria were applied to evaluate the surgical
outcomes: excellent indicates free of pain, allowing the
patient to work normally; good indicates occasional ra-
dicular pain, slight activity limitation that does not influ-
ence work or quality of life; fair indicates some improved
functional capacity, still handicapped or unemployed; and
poor indicates no improvement. All patients who had un-
dergone surgery were followed for at least 12 months. The
clinical parameters investigated included the incidence of
complications (e.g., cage subsidence, vertebral fracture,
dural tear, incomplete decompression, reoperation, inci-
dental durotomy, epidural hematoma, headache, infection,
recurrence rate, major vessel injury, peritoneal injury, and
urinary injury); the intraoperative bleeding volume; and
the operative duration.

Statistical Analysis

R 3.1.2 for Windows software was used to perform
the Wilcoxon rank-sum test, multivariate regression, and
Pearson coefficient test. When the p value was < 0.05, the
result was judged to be statistically significant.

Results

A total of 64 patients comprised 48 women and 16 men
ranging in age from 49 to 84 years (mean 67.8 + 8.5 years).
The average follow-up duration was 23.3 + 1.3 months,
and ALIF was performed at 123 levels. The intraopera-
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FIG. 2. Bar graph showing a comparison of DSCSA by level and the
mean DSCSA (except preoperative grade A) between the preoperative
and postoperative MRI. Figure is available in color online only.

tive bleeding volume was 179.8 + 119.3 ml, and the mean
operative duration was 254.8 + 60.8 minutes. The demo-
graphic characteristics of the patients, including the pre-
operative diagnoses, are summarized in Table 1.

Radiographic and Clinical Outcomes

During the radiological evaluation, significant expan-
sion of the DSCSA was measured. The mean DSCSA in-
creased significantly by 16.4% immediately after surgery
and 43.3% at the last follow-up (p < 0.001). There was
more expansion in the follow-up period than immediately
after surgery. Except for preoperative grade A, which did
not require central spinal canal decompression accord-
ing to Schizas® MRI grading scale, the mean DSCSA in-
creased significantly by 24.6% immediately after ALIF
and by 59.6% (p < 0.001) at the last follow-up (Fig. 2). At
each fusion level, the mean DSCSA increased significant-
ly by 43.9%, 24.6%, 21.3%, and 7.2% after surgery. There
were greater expansion rates of 114.6%, 71.9%, 52.5%, and
19.3% at the L2/3, 1.3/4, L4/5, and L5/S1 levels, respec-
tively, at the last follow-up (L2/3: p = 0.008; L3/4, L4/5,
L5/S1: p < 0.001; Fig. 2).

Spinal stenosis classified via MRI revealed grade C
stenosis at 52 levels, grade B at 46 levels, and grade A at
25 levels. Other than the L5/S1 level, only 3 of the L4/5
levels were considered grade A. Of the 52 levels consid-
ered grade C preoperatively, 10 improved to grade A, 28
improved to grade B, and 14 remained at grade C post-
operatively. Of the 46 levels considered grade B preop-
eratively, 27 improved to grade A, and 19 remained at
grade B. There were no cases of worsening to grade C.
All 25 levels considered grade A remained at grade A.
Consequently, the MRI grade did not worsen at any level.
Among the levels that were grade C preoperatively and
remained grade C postoperatively, DSCSA increased by
30.6%, and among those that were grade B preoperatively
and remained grade B postoperatively, DSCSA increased
by 21.5%. An increase of 11.7% was also observed among
the levels that were grade A preoperatively, with no or mi-
nor central spinal canal stenosis.
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TABLE 2. Association between radiological factors and improvement of canal size

Canal Size (postop — preop)

Canal Size (last FU — preop)

Pearson Correlation

Pearson Correlation

Variable p Value  Pearson Correlation p Value p Value  Pearson Correlation p Value
Disc height (postop — preop) 0.724 -0.062 0.500 0.199 0.047 0.606
Disc height (last FU — preop) 0.566 -0.52 0.568 0.296 -0.055 0.551
Lordosis (postop — preop) 0.789 -0.015 0.875 0.937 -0.061 0.519
Lordosis (last FU — preop) 0.843 -0.038 0.687 0.357 -0.081 0.390
Cage height (mm) 0.214 -0.034 0.734 0.682 0.081 0.425
Cage angle (°) 0.399 -0.199 0.049* 0.208 -0.251 0.013*
Preop grade B 0.0241 0.042t
Preop grade C 0.001t 0.0011

FU = follow-up.

* Statistical significance was determined using the Pearson correlation coefficient.

T Statistical significance was determined using multivariate regression analysis.

Concordance of the preoperative Schizas’ stenosis
grade kappa results was 0.898 (95% CI 0.824-0.973; p <
0.005), and the coincidence was very good. According to
the interrater agreement for each preoperative grade, the
kappa value of grade A was 0.900, that of grade B was
0.861, and that of grade C was 0.933 (p < 0.005). Each
grade coincidence was very good. Concordance of the last
follow-up Schizas’ stenosis grade kappa results was 0.869
(95% CI 0.788—0.950; p < 0.005), and the coincidence
was very good. According to the interrater agreement for
each last follow-up grade, the kappa value of grade A was
0.943, that of grade B was 0.898, and that of grade C was
0.923 (p < 0.005). Each grade coincidence was very good.

In the association between radiological factors and
postoperative central cross-sectional area, grades B and
C significantly improved in DSCSA compared with grade
A.There was no significant correlation between the size of
the implant and stenosis improvement (Table 2). Addition-
ally, we studied the relationship between the implant and
radiographic assessments, including disc height, lordosis,
and canal size improvement. More to the point is the fact
that there was a significant correlation between the lordot-
ic angle of implant and DSCSA (Tables 2 and 3). Lordosis
significantly improved after surgery; however, there was
no significant correlation between lordosis and stenosis
improvement (Fig. 3). Regarding the clinical outcomes,
the average follow-up duration was 23.3 + 1.3 months. The
mean preoperative VAS score for low-back pain was 7.73
+ 1.41, and at the last follow-up the score improved to 3.84

TABLE 3. Relationship between implant and radiographic factors

+ 1.48 (p < 0.001). The mean preoperative VAS score for
leg pain was 8.16 = 1.18, and it improved to 3.83 + 1.47
postoperatively (p < 0.001). The mean preoperative ODI
was 26.53 + 3.13, which decreased to 4.84 + 2.26 postop-
eratively (p < 0.001). There were no cases of worsening of
the patient’s condition. All clinical outcome scores signifi-
cantly improved postoperatively.

At the last follow-up, patient satisfaction with the sur-
gery was evaluated with the modified Macnab criteria.
The rate of excellent and good patient satisfaction was
found to be 81.25%, and the rate of fair patient satisfac-
tion was 18.75%. None of the patients experienced serious
complications associated with the surgery. Transient leg
numbness occurred in 2 patients because of a pseudocyst
and fluid collection, and aspiration guided by ultrasonog-
raphy was performed. We were able to avoid several major
concerns associated with ALIF, including significant vas-
cular injuries, retrograde ejaculation, urological compli-
cations, and abdominal muscle damage, through careful
patient selection and access to a highly experienced and
well-trained surgeon.

lllustrative Cases
Case 1

A 59-year-old man had low-back pain, radicular leg
pain, and intermittent claudication. MRI showed severe
central spinal canal stenosis from L2 to L5 with neural
foraminal stenosis at L4/5 and L5/S1. The preoperative

Disc Height Disc Height Lordosis Lordosis Canal Size Canal Size
Variable Correlation (postop — preop) (last FU — preop) (postop —preop) (last FU —preop) (postop — preop) (last FU — preop)
Cage height Pearson correlation -0.105 -0.174 -0.110 -0.010 -0.034 0.081
p value 0.299 0.084 0.284 0.919 0.734 0.425
Cage angle Pearson correlation -0.101 0.017 -0.037 -0.077 -0.199 -0.251
p value 0.323 0.867 0.722 0.455 0.049* 0.013*

* Statistical significance was determined using the Pearson correlation coefficient.
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DSCSA assessed via MRI was 30 mm? at the 1.2/3 level,
17 mm? at the L3/4 level, 22 mm? at the L4/5 level, and
65 mm? at the L5/S1 level. These levels were preoperative
MRI grade C except for the L5/S1 level, which was grade
A. Four-level ALIF was performed. Cages measuring 12
mm in height, 23 mm in depth, and 31 mm in width with a
lordotic angle of 8° were used in the intervertebral spaces
from L2 to LS5, and a cage measuring 12 mm in height, 27
mm in depth, and 35 mm in width with a lordotic angle of
8° was used in the intervertebral space at the L5/S1 level
with allograft bone. The last follow-up was at 14 months
postoperatively. Follow-up images revealed successful in-
direct central decompression after ALIF, with stretching
and straightening of the relaxed ligamentum flavum. The
last follow-up DSCSA was 100 mm? at the L2/3 level, 70
mm? at the L3/4 level, 94 mm? at the L4/5 level, and 85
mm? at the L5/S1 level. At the last follow-up, the level of
central decompression was grade B at the L2/3 and L3/4
levels and grade A at the L4/5 and L5/S1 levels. The extent
of decompression was 233.3% at the L2/3 level, 311.8%
at the L3/4 level, 327.3% at the L4/5 level, and 30.8% at
the L5/S1 level. A percutaneous pedicle screw system was
used. Posterior direct decompression was not performed.
The mean VAS score for low-back pain improved from 9
preoperatively to 2 at the last follow-up. The mean VAS
score for leg pain improved from 9 preoperatively to 3 at
the last follow-up. The mean ODI improved from 28 pre-
operatively to 3 at the last follow-up (Fig. 4).

Case 2

A 66-year-old woman had numbness and radicular
pain in both lower extremities, back pain, and intermit-
tent claudication. Preoperative MRI showed severe spinal
canal stenosis with a herniated disc at L.3/4 and L4/5 and
neural foraminal stenosis at L5/S1. At L3/4, the preopera-
tive DSCSA was 50 mm? and the MRI grade was C. At
L4/5, the preoperative DSCSA was 48 mm? and the MRI
grade was C. At L5/S1, the preoperative DSCSA was 112
mm? and the MRI grade was A. Three-level ALIF was
performed. Cages measuring 11 mm in height, 27 mm in
depth, and 35 mm in width with a lordotic angle of 8° were
placed in the intervertebral spaces from L3 to L5, and a
cage measuring 12 mm in height, 27 mm in depth, and 35
mm in width with a lordotic angle of 8° was placed at the
L5/S1 level with allograft bone. The last follow-up was at
13 months postoperatively. The last follow-up DSCSA was
182 mm? at the L3/4 level, 158 mm? at the L.4/5 level, and
134 mm? at the L5/S1 level. At the last follow-up, the cen-
tral spinal canal stenosis showed improvement from grade
C to grade A at the L3/4 and L4/5 levels. At L5/S1, the
grade A was not changed. The extent of decompression af-
ter surgery was 264% at the L3/4 level, 229.2% at the L4/5
level, and 19.6% at the L5/S1 level. A percutaneous pedicle
screw system was used for posterior spinal fixation. Suf-
ficient indirect decompression of the central spinal canal
was achieved without any additional decompression. The
mean VAS score for low-back pain improved from 8 pre-
operatively to 4 at the last follow-up, and the mean VAS
score for leg pain improved from 9 preoperatively to 3 at
the last follow-up. The mean ODI improved from 27 pre-
operatively to 4 at the last follow-up (Fig. 5).
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FIG. 3. Scatterplot showing the change in lordosis from preoperative
through postoperative and last follow-up MRI. A locally weighted scat-
terplot smoothing (LOWESS) line is shown in dark red, with the 95% ClI
lines in light gray. Figure is available in color online only.

Discussion

The effect of ALIF is well known, especially in degen-
erative disc disease associated with discogenic pain and
revision for failed posterior fusion.”® There are several rea-
sons for the benefits of the ALIF approach; first, this tech-
nique provides a direct midline view of the disc space and
extensive lateral exposure of the vertebral bodies, which
enables efficient disc space clearance with rapid endplate
preparation. Furthermore, the anterior approach increases
the feasible implant size and surface area to facilitate ag-
gressive lordotic correction and foraminal height resto-
ration. These factors make it possible to secure the disc
space and increase fusion splicing.!®*22 Some reports
have shown high fusion success rates of 94%—-97%, which
are higher than the success rates of posterior lumbar inter-
body fusion and transforaminal lumbar interbody fusion,
demonstrating that ALIF is an effective surgical method
for interbody fusion and can yield reliable clinical results.!

The greatest potential of ALIF seems to lie in indirect
decompression.? Cutting the anterior longitudinal liga-
ment allows for the insertion of a taller graft. The effect of
indirect foraminal decompression via ALIF has been re-
ported;!®*24 for example, Cho et al.** reported a foraminal
expansion rate of 43.3%. Rao et al.» also achieved excellent
results in expanding the foraminal dimensions (area 67%,
height 21%, and width 38%). According to a retrospective
radiographic analysis comparing ALIF with transforami-
nal lumbar interbody fusion, the former was more effective
in restoring the foraminal height."” ALIF also preserves the
posterior spinal muscles and anterolateral psoas muscles,
which may reduce postoperative pain and disability.?!26-28

Extreme lateral interbody fusion is also a good tech-
nique for indirect decompression. Most authors have re-
ported that there were no differences between the ALIF
and extreme lateral interbody fusion groups in clinical
outcomes, complication rate, and fusion rate.>*-3! How-
ever, it seems that ALIF has merits for postoperative disc
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FIG. 4. Case 1. Sagittal and axial MRI scans obtained preoperatively, postoperatively, and at the 14-month follow-up revealing
indirect decompression of the central spinal canal at L2/3, L3/4, L4/5, and L5/S1. Preoperative sagittal MRI scan (A) and axial MR
scans at the L2/3, L3/4, L4/5, and L5/S1 levels (B-E). The preoperative MRI grade was C at the L2/3, L3/4, and L4/5 levels and

A at the L5/S1 level. Postoperative follow-up sagittal MR scan (F) and axial MRI scans at the L2/3, L3/4, L4/5, and L5/S1 levels
(G-J). Last follow-up sagittal MRI scan (K) and axial MRI scans at the L2/3, L3/4, L4/5, and L5/S1 levels (L-0). The last follow-up
MRI grade was B at the L2/3 and L3/4 levels and A at the L4/5 and L5/S1 levels. Figure is available in color online only.

height and foraminal height, segmental and overall lumbar
lordosis, and direct clearance of the disc space.!?>32 De-
spite its many advantages, ALIF is still less preferred than
other fusion methods for several reasons. One reason is
doubt regarding indirect decompression for central spinal
canal stenosis. Although many studies have reported the
benefits of ALIF for indirect decompression of the fora-
men, indirect decompression of the central spinal canal
has not been discussed. We considered how multilevel
central spinal canal stenosis and foraminal stenosis could
be effectively treated. ALIF is known as a good choice
for treating foraminal stenosis,!!*2%2* but what method
should be applied for multilevel central stenosis with fo-
raminal stenosis? Is treatment of the olisthetic level alone
sufficient? Our study stems from the question of whether
direct posterior decompression procedures are needed at
all levels in multilevel central spinal canal stenosis that is
suspected to be causing the patients’ symptoms. The re-
sults of this study demonstrate that this approach is not
necessary when ALIF is performed. We believe that the
current study addresses these persisting doubts regarding
indirect decompression for central spinal canal stenosis.
Direct decompression procedures are performed by re-
secting the impinging bone, ligaments, and disc material
that are directly compressing the neural elements.** Al-

though directly decompressing multiple spinal levels can
sometimes be impossible or laborious, ALIF can produce
sufficient indirect decompression. In this report, even a
small extent of indirect central spinal canal decompression
improved the patients’ symptoms. Even patients in whom
the MRI grade did not change at the operative level of the
spine showed an improvement in the VAS score for back
pain (from 7.45 £ 1.64 to 3.70 £ 1.45) and an improvement
from 26.24 + 3.70 to 5.33 + 2.63 in the ODI. Because suf-
ficient indirect decompression for central spinal canal ste-
nosis was achieved without the need for additional direct
decompression, we reduced the intraoperative blood loss
volume and the operative duration, demonstrating that this
procedure is efficient and requires less of the surgeon’s
time.

In our study, Schizas’ grades B and C resulted in more
stenosis improvement than grade A, suggesting that grade
C is also quite improved by indirect decompression. There
was no significant correlation between the implant size
and stenosis improvement in our study. However, there
was a significant effect of the lordotic angle of implants
on the postoperative central cross-sectional area to obtain
an improved central area. Cages with minimal lordotic
angles distract the disc space more and indirectly open
up the central canal to a greater degree than hyperlordotic
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FIG. 5. Case 2. Sagittal and axial MRI scans obtained preoperatively, postoperatively, and at the 13-month follow-up revealing
indirect decompression of the central spinal canal at the L3/4, L4/5, and L5/S1 levels. Preoperative sagittal MRI scan (A) and axial
MRI scans at the L3/4, L4/5, and L5/S1 levels (B-D). The preoperative MRI grade was C at the L3/4 and L4/5 levels and A at the
L5/S1 level. Postoperative follow-up sagittal MRI scan (E) and axial MRI scans at the L3/4, L4/5, and L5/S1 levels (F-H). Last
follow-up sagittal MRI scan (I) and axial MRI scans at the L3/4, L4/5, and L5/S1 levels (J-L). The last follow-up MRI grade was A
at the L3/4, L4/5, and L5/S1 levels. Figure is available in color online only.

implants. In addition, enough distraction and keeping the
cage back as much as possible are crucial to obtain the
central canal to a greater degree. We elevated both legs
to a backward-keeping prone position, and maximum rod
compression was performed to obtain more lordosis.
Indirect spinal canal decompression is a process used to
reduce disc bulging, extend the hypertrophied ligamentum
flavum, and restore disc height.* The height of the cage
is an important component of the degree of indirect de-
compression. Because the anterior longitudinal ligament
is cut during ALIF? and a tall cage is inserted, increased
distraction in the canal and foramen can theoretically be
achieved. Additionally, direct removal of disc is also a pro-
cess for improving indirect canal decompression. Accord-
ing to Ohtori et al.,* at the 10-year follow-up after ALIF,
the average cross-sectional area of the ligament flavum at
the operated level was significantly smaller than it was pre-
operatively, and the DSCSA was significantly expanded at
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fusion sites compared with nonfusion sites. The stability
of the spine may have caused the change in the lumbar
ligamentum flavum and remodeling of the spinal canal.?*
In our study, there was more improvement for spinal ste-
nosis demonstrated on the last follow-up MRI than on the
postoperative MRI. We believe that remodeling leading to
a decrease in the degenerative changes that cause stenosis
(disc bulge, ligamentum and facet capsule hypertrophy) is
a more important process than restoring the disc height
and direct disc removal in indirect decompression while
fusion is performed successfully.

The strength of the present study is that this is the first
quantitative analysis of indirect decompression after ALIF
for central spinal canal stenosis. Only one study has shown
indirect decompression of the central spinal canal after
ALIF, but that study was limited to 10 patients and did
not use preoperative MRI scans, only postoperative and
follow-up MRI scans.?* In our study, we obtained preop-
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erative, postoperative, and last follow-up MRI in patients
undergoing ALIF to measure the extent of central spinal
canal decompression at each spinal level. This study pro-
vides a comparison of the preoperative and postoperative
measurements of the central spinal canal after decompres-
sion with ALIF in 64 patients at 123 spinal fusion levels to
overcome errors due to too little data and to obtain reliable
results. In our study, we applied a sensitive grading system
(grades A—C) to classify stenosis based on the morphology
and density of rootlets in the CSF on high-resolution MRI.
The extent of decompression after surgery was objectively
determined'? using the DSCSA as a more sensitive param-
eter representing lumbar central spinal canal stenosis than
the spinal canal cross-sectional area.*

Limitations

This study has several limitations. First, although this
study is not a very small case series with a limited number
of patients, further studies with a larger sample size may be
necessary to verify the results. Second, the heterogeneity
of the techniques and the variability in the surgeon’s ex-
perience are additional limitations. This study may reflect
the technical skill of the surgeon involved, and the findings
may not be generalizable. Third, there is no control group
that was treated with an alternative interbody fusion sur-
gery for a specific comparison; however, we found excel-
lent results in our study. More studies, especially random-
ized controlled trials and studies with control groups, are
needed to further explore this topic. Fourth, we performed
MRI on the day before surgery, on postoperative day 2, and
on the last follow-up day after surgery. Patients without
data after 12 months were excluded, so all final results were
categorized as those obtained more than 12 months after
surgery. However, the final follow-up time was different for
each patient and could affect the outcome. It is considered
that the error in results could be reduced if the follow-up
time after surgery was applied equally to each patient.

Nevertheless, this is the first study to quantitatively
analyze indirect decompression after ALIF for lumbar
spinal stenosis. The findings could serve as a reference in
the assessment of indirect decompression for central spi-
nal canal stenosis via ALIF, but further research should be
conducted.

Conclusions

The ALIF approach can be a reasonable alternative to
extensive posterior approaches. We suggest that the ALIF
procedure can be used for decompression in central spinal
canal stenosis to restore the foraminal dimensions, thus al-
lowing decompression of the nerve roots. In patients with
multilevel central spinal canal stenosis requiring spinal
fusion, ALIF can be a good minimally invasive choice to
achieve indirect decompression, avoiding the need for the
direct resection of posterior elements.
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