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ABSTRACT
Background: Surgical treatment of symptomatic lumbar stenosis has traditionally included laminectomy for direct 

decompression. With increasing options for lumbar interbody fusion, there has been growing interest in indirect decompression 
to treat degenerative stenosis. The primary purpose of this study was to determine whether indirect decompression via anterior 
lumbar interbody fusion (ALIF) can provide symptomatic relief in patients with lumbar spinal stenosis. Secondary purposes 
were to (1) identify risk factors for failure of indirect decompression and (2) to identify risk factors for failure to obtain relief 
and to compare outcomes between patients undergoing stand- alone ALIF versusand those in whom ALIF was supplemented 
with posterior instrumentation.

Methods: Chart review was performed on a consecutive series of 568 patients undergoing single- level ALIF without 
posterior decompression to treat degenerative stenosis during a 5- year period. Failure of indirect decompression was defined as 
return to the operating room for direct decompression. Subgroup analysis was performed to compare patients who underwent 
stand- alone ALIF (n = 247) vs those in whom supplemental posterior instrumentation was used (ALIF + PI; n = 321).

Results: Reoperation due to failure of indirect decompression occurred in 4.0% (23/568) of patients. The only factor 
related to failure was age. Patients older than 60 years were more likely to fail indirect decompression than were younger 
patients (7.0% vs 3.1%, P < 0.05). ALIF and ALIF + PI subgroups both improved significantly when comparing preoperative to 
postoperative mean scores on Oswestry Disability Index (ODI), back pain, and leg pain (all P < 0.01). There were no significant 
differences between these groups, including reoperation rate for direct decompression.

Conclusions: Indirect decompression via ALIF was effective in treating appropriately selected patients with degenerative 
lumbar spinal stenosis. Older patients are at higher risk for failure of indirect decompression—potentially because of greater 
osseous stenosis as well as subsidence due to age- related diminished bone density with subsequent loss of distraction.

Level of Evidence: 4.
Clinical Relevance: This study supports that indirect decompression via ALIF is a viable alternative to direct 

decompression in appropriately selected patients with degenerative stenosis.
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INTRODUCTION

The surgical treatment of symptomatic lumbar ste-
nosis refractory to nonoperative care has traditionally 
involved direct decompression in which the compres-
sive pathology is excised via a posterior approach. In 
certain instances (eg, instability or deformity), fusion as 
well as decompression has been utilized. With increas-
ing adoption of interbody techniques for lumbar fusion, 
there has been growing interest in indirect decompres-
sion for the treatment of symptomatic lumbar steno-
sis. Segmental distraction afforded by these interbody 
techniques is thought to increase foraminal height and 
reduce soft tissue infolding, thereby indirectly decom-
pressing the neural elements.1 Interbody techniques can 

also contribute toward reduction of spondylolisthesis, 
another mechanism by which they may confer indirect 
decompression.2 In certain cases, such an approach 
may obviate the need for formal laminectomy, reducing 
potential surgical morbidity and operative time.

There is laboratory, radiographic, and clinical 
support for the concept of indirect decompression using 
interbody fusion.1–7 A cadaveric study determined 
that lateral lumbar interbody fusion (LLIF) signifi-
cantly increased posterior disc height as well as canal 
and foraminal areas,6 and a recent study of 42 patients 
with severe degenerative lumbar stenosis reported an 
approximately 55% increase in cross- sectional thecal 
sac area following LLIF.8 The clinical investigation of 
anterior lumbar interbody fusion (ALIF) has similarly 
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demonstrated significantly increased foraminal height 
and posterior disc space height. In a series of patients 
with long- term follow- up, ALIF was associated with 
decreased ligamentum flavum area and increased thecal 
sac area due to ligamentotaxis in patients undergo-
ing indirect decompression.4 In a study of 82 patients 
undergoing planned staged fusion of 1 to 3 levels for 
stenosis, formal decompression was avoided in 28% of 
patients as they experienced greater than 50% relief of 
their lower extremity symptoms after interbody fusion 
alone (ALIF or LLIF).9

The primary purpose of this study was to determine 
whether indirect decompression via ALIF can provide 
symptomatic relief in patients with lumbar spinal ste-
nosis. Secondary purposes of the study were to identify 
risk factors for failure to obtain relief and to compare 
outcomes between patients undergoing stand- alone 
ALIF and those in whom ALIF was supplemented with 
posterior instrumentation.

METHODS

Based on a digital surgery record at a large multi-
surgeon spine practice, all cases of lumbar interbody 
fusion via an anterior approach performed between 
2014 and 2018 were identified. Charts for these patients 
were retrospectively reviewed to determine study eligi-
bility and to extract data. Patients were included if they 
underwent primary single- level ALIF with or without 
posterior instrumentation for symptomatic spinal steno-
sis in the absence of concomitant direct decompression. 
Previous laminectomy (but not attempted fusion) at the 
surgical level was permitted. Patients were excluded if 
they underwent surgery for the treatment isolated low 
back pain (without radiculopathy or neurogenic clau-
dication), trauma, infection, or malignancy. All patients 
had exhausted nonoperative care prior to surgical inter-
vention.

The decision whether to use posterior instrumen-
tation was made at each surgeon’s discretion for each 
patient. Posterior instrumentation was placed under 
fluoroscopic imaging in the majority of cases, with 
robotics or navigation used in fewer cases. If posterior 
instrumentation was used, the posterior procedure was 
performed during the same session as the ALIF, with 
a few patients undergoing a planned, staged posterior 
days after the ALIF. The decision whether to use poste-
rior instrumentation was made preoperatively and was 
not based on the patient’s initial response to ALIF.

Data recorded from the charts included general 
demographic information, symptom type (neuro-
genic claudication, radiculopathy, or both), Oswestry 

Disability Index (ODI) scores, visual analog scale 
(VAS) data separately assessing back and leg pain, and 
reoperations. An overview of the study population is 
provided in Table 1. ODI and VAS scores from immedi-
ately before and at latest postoperative follow- up were 
utilized in the analysis. As described by Khalsa et al, 
response to ODI Section 7 (sleep question), was used 
to assess for the presence of preoperative rest pain.10 
Reoperations, defined as a return to the operating room 
for a subsequent surgical procedure on the lumbar 
spine, were reviewed in detail. Failure of indirect 
decompression was defined as a reoperation including 
direct decompression at the index spinal level. Patients 
who had failed indirect decompression were compared 
to those who did not to determine whether any differ-
ences between the two groups could be identified. An 
additional subgroup analysis was performed to compare 
outcomes in patients who underwent stand- alone ALIF 
vs those who also received supplemental posterior 
instrumentation (ALIF + PI).

Statistical Analysis

Paired t tests were used to compare preoperative to 
postoperative VAS and ODI scores. Mean values were 
compared between the patients who did and those 
who did not undergo subsequent direct decompressive 
surgery using independent t tests, which were also used 
to compare values between the stand- alone ALIF and 
the ALIF + PI subgroups. Categorical data were com-
pared between subgroups using chi- square analysis.

RESULTS

A total of 568 patients were identified who met the 
selection criteria. Reoperation due to failure of indirect 

Table 1. Overview of the study population.

Characteristics and Variables Mean Range

Age (years) 50.1 19–81
  N %
Gender
  Female 301 53.0%
  Male 267 47.0%
Symptoms
  Radiculopathy 508 89.4%
  Neurogenic claudication 13 2.3%
  Both 47 8.3%
Level operated
  L2- 3 1 0.2%
  L3- 4 5 0.9%
  L4- 5 143 25.2%
  L5- S1 419 73.8%
Fusion technique
  Stand- alone ALIF 247 43.5%
  ALIF + PI 321 56.5%

Abbreviations: ALIF, anterior lumbar interbody fusion; PI, posterior instrumentation.
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decompression occurred in 23 patients (4%). The timing 
of the direct decompression surgery ranged from 6 to 
875 days with a mean of 187.6 days and a median of 96 
days. Ten of the direct decompression procedures were 
performed within 90 days of the index surgery, with 5 
additional cases performed between 90 and 120 days, 
and the remaining 8 such reoperations performed more 
than 120 days after the index surgery.

The patients who ultimately underwent direct 
decompression were compared to those who did not 
(Table 2). Older patients were significantly more likely 
to have failed indirect decompression (P < 0.01). 
Considering this difference, the relationship of age to 
failure of indirect decompression was explored further. 
Patients aged 60 years or older were more likely to 
have undergone subsequent direct decompression 
than patients who were younger than 60 years (7.0% 
vs 3.1%, P < 0.05). No other statistically significant 
differences were identified between the two cohorts 
when comparing gender, symptoms (radiculopathy vs 
neurogenic claudication vs both), preoperative ODI 
scores, ODI Section 7, preoperative VAS scores, level 
operated, and use of supplemental posterior instrumen-
tation (all P > 0.05).

Return to the Operating Room

The overall rate of return to the operating room for a 
lumbar spinal procedure was 14.1% (80 of 568 patients). 
As described earlier, 23 patients ultimately underwent a 
procedure that included a direct decompression at the 
index level. Other reasons for subsequent surgery were 
as follows: 25 removals of posterior instrumentation (22 
for painful implants and 2 for suspected screw malposi-
tion); 11 operations to address degenerative changes at 
another lumbar segment (7 for adjacent segment degen-
eration and 4 at nonadjacent lumbar levels); 4 ALIF + 
PI in which the posterior procedure was postponed due 
to excessive bleeding during the anterior stage; 1 poste-
rior instrumented fusion due to postoperative cage sub-
sidence in a stand- alone ALIF; 1 instrumented posterior 
fusion in an ALIF patient following progression of a 
spondylolisthesis after a fall injury; 1 sacroiliac joint 
fusion; 2 superficial posterior wound infections; 6 revi-
sions for pseudoarthrosis; and 6 spinal cord stimulator 
implantations.

Stand-Alone ALIF vs ALIF + PI

Patients were divided into 2 subgroups: stand- alone 
ALIF (n = 247) and ALIF + PI (n = 321). Both groups 
improved significantly when comparing the preopera-
tive to postoperative mean scores for ODI, VAS back 
pain, and VAS leg pain (Table 3; all P < 0.01). When 
comparing the 2 groups, there were no significant dif-
ferences in these outcome evaluations preoperatively 
or postoperatively (all P > 0.50). In the ALIF group, 
4.9% of patients (12/247) failed indirect decompres-
sion, which was not significantly different than 3.4% 
(11/321) in the ALIF + PI group (P > 0.35). The overall 
reoperation rate was also not significantly different 
between groups (ALIF 12.1% vs ALIF + PI 15.6%, 
P > 0.20). Of note, in the ALIF + PI group, the most 
common reason for reoperation (7.8%, 25/321) was for 
removal of posterior implants due to pain (n = 22) or 
suspected screw malposition (n = 3). In the stand- alone 

Table 2. Comparison of patients for whom indirect decompression was 
successful vs those who underwent subsequent reoperation for direct 
decompression

Variable
Indirect Success

(n = 545)

Failed 
Indirect
(n = 23) P Value

Mean age (years) 49.8 56.6 <0.025
Mean preop ODI 43.8 46.5 >0.50
Mean preop VAS back 

pain 6.3 6.4 >0.50
Mean preop VAS leg 

pain 4.9 5.6 >0.30
  N (%) N (%)   
Gender >0.05
  Female 288 (95.7%) 13 (4.3%)   
  Male 257 (96.3%) 10 (3.7%)   
Symptoms >0.05
  Radiculopathy 489 (96.3%) 19 (3.7%)   
  Neurogenic 

claudication 13 (100.0%) 0 (0.0%)   
  Both 43 (91.4%) 4 (8.5%)   
Level operated > 0.05
  L2- 3 1 (100.0%) 0 (0.0%)   
  L3- 4 5 (100.0%) 0 (0.0%)   
  L4- 5 139 (97.2%) 4 (2.8%)   
  L5- S1 400 (95.6%) 19 (4.4%)   
ODI Section 7a >0.05
  Score 0–2 377 (95.9%) 16 (4.1%)   
  Score 3–5 143 (95.3%) 7 (4.7%)   
Fusion technique >0.05
  Stand- alone ALIF 235 (95.1%) 12 (4.9%)   
  ALIF + PI 310 (96.7%) 11 (3.4%)   

Abbreviations: ALIF, anterior lumbar interbody fusion; ODI, Oswestry Disability 
Index; PI, posterior instrumentation; VAS, visual analog scale.
aPreoperative ODI Section 7 response not available for 2 patients.

Table 3. Preoperative and postoperative ODI and VAS scores for patients 
undergoing stand- alone ALIF vs ALIF With posterior instrumentation.

Stand- Alone ALIF ALIF + PI

Outcome Measure Preop Postop Preop Postop

ODI 44.0 27.3 43.8 27.5
VAS back pain 6.3 2.8 6.2 3.0
VAS leg pain 5.0 1.9 5.0 2.1

Abbreviations: ALIF, anterior lumbar interbody fusion; ODI, Oswestry Disability 
Index; PI, posterior instrumentation; VAS, visual analog scale.
Note: The mean scores in both groups improved significantly on all 3 measures (all P 
< 0.01) with no significant differences between the 2 groups on any of the measures 
preoperative or postoperative (all P > 0.50).
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ALIF group, 8 patients (3.2%) underwent reoperation 
for instability, subsidence, or pseudoarthrosis.

DISCUSSION

This study found that indirect decompression via 
ALIF was effective in treating lumbar spinal stenosis 
with statistically significant improvement in back pain, 
leg pain, and ODI scores. Only 4% of patients later 
underwent direct decompression at the index level. 
This finding is consistent with the existing literature in 
which rates of subsequent direct decompression have 
been reported at 2% to 9.5%.11–13

In previous smaller studies, the following risk factors 
for failed indirect decompression have been identified: 
significant osteophytes (particularly those arising from 
the posterior end plates or significant enough to lock 
the facets), ossification of the posterior longitudinal 
ligament, preoperative motor deficit, rest pain, high 
scores on the Japanese Outcome Assessment question-
naire preoperatively, spondylolisthesis with greater 
than a moderate slip, and spondylolisthesis at L5- 1 
in an obese patient.10,11,13,14 Older age was the only 
factor investigated in the present study that was asso-
ciated with failure of indirect decompression. While 
radiographic parameters were not directly assessed, 
this finding may be due to the additional spondylosis 
(and associated osseous stenosis) likely exhibited in 
older patients. It therefore follows that considering the 
size and location of osteophytes is reasonable in decid-
ing whether direct decompression might be warranted 
as large osteophytes, unlike soft tissue, would not be 
expected to reduce with distraction and may tether the 
neural elements. Advanced age may also be a proxy for 
reduced bone density, and subsidence with loss of liga-
mentotaxis may also be implicated in the higher failure 
rate observed in older patients.

Contrary to the findings of Khalsa et al,10 this study 
did not identify an association between rest pain (as 
indicated by response to ODI Section 7) and rates of 
failure of indirect decompression. However, a number 
of differences exist that likely contribute to this discrep-
ancy. Over 85% of patients in the Khalsa et al. study 
exhibited neurogenic claudication compared with just 
over 10% here. It may therefore be the case that rest 
pain is a better indicator for failure of indirect decom-
pression for the treatment of central stenosis and asso-
ciated neurogenic claudication than it is in the setting 
of radiculopathy. Furthermore, the definition of failure 
differed between studies with Khalsa et al considering 
postoperative pain scores and the present investigation 
utilizing return to the operating room.

While a variety of lumbar interbody fusion tech-
niques are available, the current study focused specifi-
cally on patients undergoing ALIF rather than any other 
approaches. ALIF may offer advantages over other inter-
body techniques for performing indirect decompression. 
Some studies have found that ALIF is associated with 
significantly greater increases in foraminal height.15,16 By 
providing a large exposure to the disc space, ALIF allows 
rapid disc tissue evacuation and end plate preparation, 
maximal implant size and surface area, and superior seg-
mental and overall lumbar lordosis.17,18 There are also a 
wide variety of cage heights and angulations to facilitate 
achieving the desired degree of distraction and lordosis. 
However, ALIF is not always a viable option, depending 
on vertebral level and visceral anatomy.

This study included stand- alone ALIF as well as ALIF 
with supplemental posterior instrumentation. There were 
no significant differences in the clinical outcome, failure 
rates of indirect decompression, or reoperation rates 
when comparing the ALIF vs ALIF + PI groups. This 
supports the notion that posterior fixation may be omitted 
in appropriately indicated patients without causing undue 
risk of reoperation or poor outcomes. Foregoing poste-
rior instrumentation reduces operative time and implant 
costs, preserves the posterior tissues, and eliminates the 
risk of pedicle screw breaches as well as the possible 
need for subsequent surgery to remove painful poste-
rior instrumentation (which occurred in 10.1% of ALIF 
+ PI patients in the current series). Further investigation 
is needed to determine which cases necessitate posterior 
instrumentation, but it may be prudent in patients with 
Grade II or greater spondylolisthesis, segmental instabil-
ity, deformity, or poor bone stock.

This study is not without limitations. The decision of 
whether direct decompression was performed at the time 
of the index procedure was made by the treating surgeon 
without a standardized algorithm, and only patients in 
whom indirect decompression was relied upon were 
followed. The retrospective, nonrandomized design of 
the current study was not optimal. Details of the crite-
ria used by surgeons to decide to employ only indirect 
decompression or to include posterior fixation could not 
be determined. However, the low rate of reoperation for 
direct decompression suggests that the surgeons selected 
appropriate cases for indirect decompression in the large 
majority of cases. What the results cannot address is 
whether more patients may have been appropriate can-
didates for indirect decompression but received direct 
decompression nonetheless. Furthermore, any patients 
who might have done poorly and undergone subsequent 
direct decompression at another practice would not have 
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been captured. This would have artificially reduced the 
observed failure rate. Due to the focus on ALIF, nearly 
three- quarters of the patients in this study underwent 
surgery at the L5- S1 level, primarily for radiculopathy 
rather than neurogenic claudication. The results presented 
herein are therefore most applicable to patients with these 
clinical characteristics. Finally, radiographic and other 
imaging parameters were not collected or included in the 
analysis. Future studies investigating the impact of partic-
ular imaging findings would add to the understanding of 
this topic.

CONCLUSION

The results of this study suggest that indirect decom-
pression via ALIF is effective in treating lumbar spinal 
stenosis with significant improvements in back pain, leg 
pain, and ODI scores. Only 4% of patients failed indi-
rect decompression and subsequently underwent direct 
decompression at the index level. Older age (especially 
greater than 60) was the sole risk factor identified for 
failure of indirect decompression. These findings add to 
the developing understanding of the strengths and lim-
itations of indirect decompression via lumbar interbody 
fusion and should aid surgeons in appropriately indicating 
and counseling their patients.
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