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Objective. To identify predictors of indirect decompression of spinal nerve roots in patients with degenerative monosegmental central spi-
nal canal stenosis in the lumbar spine after isolated direct lateral interbody fusion (XLIF).

Material and Methods. This prospective study analyzes the treatment outcomes of 80 patients with multisegmental central degenera-
tive spinal stenosis associated with instability of the spinal motion segment. All patients underwent single-level XLIF without additional
posterior fixation. Based on early postoperative data, patients were divided into groups with no positive dynamics in neurological status
(n = 58) and with positive dynamics in the form of a decrease in the lower extremity pain to 1 point on the VAS (n = 22). All patients
underwent preoperative MRI, MSCT, lumbar spine radiography, and VAS questionnaire survey. Postoperatively, they underwent MRI
and MSCT of the lumbar spine, and VAS questionnaire survey. The prognostic significance of the studied factors for treatment outcomes
was determined using logistic regression analysis.

Results. Factor analysis revealed significant prognostic factors for the effectiveness of indirect decompression of spinal nerve roots in the spi-
nal canal after XLIF: lateral recess depth greater than 3.75 mm and body mass index greater than 35.97 kg/m?. According to a single-
factor model, it was revealed that the higher Hounsfield (HU) values in the bodies of adjacent vertebrae, a lower intervertebral disc,
the presence of laterospondylolisthesis, intervertebral disc degeneration (Pfirrmann grades 4, 5), endplate changes of grades 4, 5, 6 ac-
cording to Toshiba Endplate Scoring (TEPS) and the clinical picture of dynamic compression are moderate prognostic factors for suc-
cessful indirect decompression of the nerve roots in the spinal canal after XLIF for degenerative central stenosis associated with instabili-
ty of the spinal motion segment.

Conclusion. Further studies are required to validate the identified prognostic criteria, as well as other possible prognostic indicators —
the timing of bone block formation in the surgical area, the frequency of implant subsidence and its clinical significance in the long-term
period, the long-term effect of indirect decompression, and the results of the ODI and SF-12 survey in the late postoperative period.
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Currently, decompression as well as
decompression and stabilization surger-
ies are the standard treatment options for
patients with degenerative spinal canal
stenosis in cases of nonsurgical treat-
ment failure [1]. If instability of the spi-
nal motion segment is detected or there
is a high probability of its development,
it is required to perform spinal fusion
after decompression. Decompression
of the spinal nerve roots can be direct
(microsurgical) or indirect (an increase
in the reserve spaces of the spinal canal
without contact with neurovascular
structures, for example, by restoring
the height of the interbody space and
changing the positions of adjacent
vertebrae after placing an interbody

implant through an anterior approach)
[2-11]. Indirect decompression of the
spinal nerve roots in the intervertebral
foramen after isolated direct lateral
interbody fusion (XLIF) is a rather
predictable outcome [12-16).

An isolated direct lateral interbody
fusion (DLIF) as a decompression and
stabilization surgical procedure is a treat-
ment technique in demand, since indirect
decompression is equal with direct decom-
pression in efficiency and significantly
reduces the risk of injury to the dura mater,
retraction injury to the spinal cord roots,
and eliminates the formation of peridural
fibrosis [17].

Indirect decompression of the spinal
nerve roots in the spinal canal after isolated
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direct lateral fusion is not always successtul
in patients with degenerative spinal canal
stenosis [18]. It is currently impossible to
predict the outcome of indirect decom-
pression at the surgical planning stage.
Several studies have been published on
the identification of predictors of indirect
decompression, but they either involve het-
erogeneous patient groups, a small number
of patients, or lack a clear description of
the surgical technique and little informa-
tion about a patient.

Identifying predictors of indirect
decompression of spinal nerve roots will
help to develop a personalized approach
to the extent of surgery and improve the
clinical outcomes for patients with central
degenerative spinal stenosis.
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The objective is to identify predictors
of indirect decompression of spinal nerve
roots in patients with degenerative mono-
segmental central spinal canal stenosis in
the lumbar spine after isolated direct lateral
interbody fusion (XLIF).

Material and Methods

Study design: a prospective open-label
non-randomized cohort study with
80 participants.

An analysis was conducted of early
(up to 7 days) postoperative outcomes
in 80 patients with single-level cen-
tral degenerative spinal canal stenosis,
clinical signs of neural compression
(radicular syndrome, compression-
ischemic radiculopathy, neurogenic
claudication), and instability of the spi-
nal motion segment at the level of spi-
nal canal stenosis. From 2018 to 2024,
patients in the neurosurgery unit No.
2 of the Novosibirsk Research Insti-
tute of Traumatology and Orthopae-
dics n.a. Ya.L. Tsivyan underwent iso-
lated XLIF with cages 45 and 50 mm
wide, 9 to 15 mm high, and with a lor-
dotic angle of 8°. In 2006, Ozgur et al.
published a description of the surgical
technique [12].

Inclusion criteria:

1) single-level central degenerative
stenosis of the spinal canal in the lumbar
spine, corresponding to types B, C, and D
as described by Schizas et al. [19];

2) levels of stenosis: L2-L3, L3-14,
L4-L5;

3) instability of the spinal motion seg-
ment, corresponding to disc angulation
of more than 10° and translation of the
superjacent vertebra by 3 mm or more [20];

4) ineffective conservative treatment
for 1.5 months;

5) clinical signs of compression of
the spinal nerve roots, including neuro-
genic intermittent claudication, radicular
syndrome, and compression-ischemic
radiculopathy;

6) surgery performed using XLIF with-
out additional fixation.

Ineligibility criteria:

1) central degenerative stenosis of
the spinal canal, corresponding to type
A according to Schizas, and isolated

foraminal stenosis with compression of
the spinal nerve roots;

2) previous spinal surgery at the level
of stenosis, as well as at the site of surgi-
cal approach for direct lateral interbody
fusion;

3) degenerative pathomorphological
substrate at two or more levels;

4) congenital abnormalities, infec-
tious and traumatic injuries and their
consequences, space-occupying process-
es, including the presence of an intraspi-
nal synovial cyst in the lumbar spine, spi-
nal injuries associated with autoimmune
diseases (rheumatoid arthritis, etc.);

5) scoliotic deformity of the lumbar
spine (Cobb angle >20°);

0) pathology of the lower extremities
with length discrepancy;

7) presence of a spinal cord
neurostimulator.

Patients included in the study were
mobilized on the first day after surgery.
Seven days after isolated XLIF, they were
divided into two groups: Group 1 includ-
ed 58 (72.5%) patients without effec-
tive indirect decompression of the spi-
nal nerve roots, and Group 2 included
22 (27.5%) patients with effective indi-
rect decompression. Patients in Group 1
underwent the second stage of surgery
involving direct decompression (total
unilateral facetectomy with microsurgi-
cal decompression of the spinal nerve
roots) and transpedicular fixation of the
spinal motion segment. There were no
cases of implant migration during the
follow-up period.

The criterion for indirect decompres-
sion of the spinal nerve roots was pain
relief in the lower extremities to one
point within seven days after XLIF, with-
out the need for analgesics; one point
was considered acceptable if the patient
experienced pain in the lower extremity
on the side of approach in the early post-
operative period.

The following data points were ana-
lyzed: gender, age, surgical approach side,
spinal canal stenosis according to the
Schizas classification (pre- and postoper-
ative), level of surgical intervention, pres-
ence of dynamic neural compression [21],
patient body mass index (BMI), preop-
erative VAS score for back and leg pain,
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presence of anterolisthesis, severity of
spondyloarthrosis according to Grogan
et al. [22], intervertebral disc height mea-
sured on preoperative anterior, middle,
and posterior lumbar MSCT [23], adja-
cent vertebral body changes according
to Modic et al. [24], degree of interver-
tebral disc degeneration according to
Pfirrmann et al. [25], presence of lateral
recess stenosis, lateral recess angle and
depth [20], segmental angle and vertebral
translation measured on lumbar spine
anteroposterior and lateral radiographs,
presence of lateral and retrolisthesis, pre-
and postoperative spinal canal cross-
sectional area, pre- and postoperative
ligamentum flavum thickness, pre- and
postoperative dimensions (height and
width) of the intervertebral foramina,
condition of the adjacent vertebral end-
plates assessed with the TEPS classifica-
tion [27], fatty degeneration of paraspi-
nal muscles according to Goutallier et al.
[28, 29], spinal sagittal balance param-
eters (LL, PL, PT, SS) measured on later-
al spine radiographs in the STEP mode
[23], vertebral bone density measured
in Hounsfield units (HU) [30] in the
adjacent vertebral bodies, as well as the
dimensions (height and width) of the
implants.

The main characteristics of the
patients and their comparison are shown
in Table 1.

Empirical data distributions were
evaluated for conformity with the nor-
mal distribution law using the Shapiro—
Wilk test.

In order to compare continuous data
between groups, the nonparametric
Mann-Whitney U test was used, since,
according to the Shapiro—Wilk test, only
17% of the distribution indicators could
be considered normal. The median [first
quartile; third quartile] (Me [Q1; Q3])
was used as the main descriptive char-
acteristic of continuous data, with the
mean * standard deviation (M % SD)
and minimum and maximum values
(min-max) also provided. Categorical
and binary data are reported as number
(n) and frequency (%), compared using
Fisher’s exact test, and Wilson’s formula
was used for binary data to calculate a
95% confidence interval for frequencies
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(95% CI). Only two-tailed comparison
criteria were used.

Univariate and multivariate logistic
regression models were used to identi-
fy predictors of indirect decompression
of spinal nerve roots. Using ROC analy-
sis, maximizing the Youden’s index, the
best threshold for indirect decompres-
sion prediction was defined for the mul-
tivariate logistic regression model, for
which the predictive indicators of sensi-
tivity, specificity, and diagnostic accuracy
were calculated with 95% CI. The Hos-
mer—Lemeshow test was used to verify
the calibration of the multivariate model
with the observed indirect decompres-
sion data.

If the significance value was p < 0.05,
the differences and predictors were con-
sidered statistically significant.

The data were statistically processed
using R scripts, version 4.4.2 (2024-10-
31 ucrt) in the RStudio software (version
2025.05.0 Build 4906).

Results

The patient gender, the side of the surgical
approach, the type of spinal canal stenosis
according to Schizas, the level of degenera-
tive stenosis, and the VAS score in the lower
extremities before surgery did not differ
significantly between the groups.

The comparative analysis of MRI,
MSCT, and radiological characteristics
revealed that Group 2 primarily con-
sisted of patients with a lower interver-
tebral disc height (anterior disc height:
p = 0.028, middle: p = 0.046, posteri-
or: p = 0.013), more degenerated discs
according to the Pfirrmann grading sys-
tem (Grades 4 and 5: 39.7% in Group 1 vs.
08.2% in Group 2), and an absence of lat-
eral recess stenosis (p = 0.010). Patients
in Group 2 more frequently presented
with lateral spondylolisthesis (p = 0.011),
more severe endplate changes according
to the TEPS classification (TEPS grades 4,
5, and 6: 77.3% in Group 2 vs. 50.1% in
Group 1), and denser bone tissue in the
adjacent vertebral bodies as measured in
Hounsfield units — 165.0 [120.0; 217.5);
p = 0.011. The presence of anterolis-
thesis, the degree of spondyloarthrosis
according to Grogan, changes accord-

ing to Modic, the segmental angle of the
spinal motion segment, the presence of
retrolisthesis, spinal canal cross-section-
al area, intervertebral foramen dimen-
sions, paraspinal muscle fatty degenera-
tion according to Goutallier, sagittal bal-
ance parameters, and implant width and
height showed no significant differences
(Table 2).

Using logistic regression mod-
els based on a multivariate mod-
el, it was found that the probability
of effective indirect decompression
increased with a lateral recess depth
of less than 3.75 mm (p = 0.001),
a BMI greater than 35.97 kg/m?
(p =0.025), and dynamic compression of
neural structures (p = 0.082).

If the bone density in adjacent ver-
tebral bodies is more than 157.5 HU
(p = 0.001), the anterior interverte-
bral disc height is less than 3.75 mm
(p = 0.002), the posterior height is less
than 3.85 mm (p = 0.004), the middle
height is less than 4.05 mm (p = 0.002),
lateral spondylolisthesis is present
(p = 0.011), the Pfirrmann disc degener-
ation grade is 4 or 5 (p = 0.020), and the
TEPS grade is 4, 5, or 6 (p = 0.033), the
likelihood of effective indirect decom-
pression of the spinal roots within the
spinal canal after XLIF also increases,
as calculated using univariate logistic
regression models (Table 3).

Using ROC analysis in a multivariate
model, a decision threshold of 0.30 was
established, which had the best sensitivity
(77.3%) and specificity (93.1%) scores (Fig.),
ie, with a probability of 0.30 or higher in
the multivariate model, a positive predic-
tion of indirect decompression is made;
otherwise, a negative prediction is made.
Table 4 lists the predictive characteristics
of the multivariate model for the obtained
threshold. The achieved Hosmer-Leme-
show test significance value (p = 0.812)
indicates that the multivariate model is
compatible with the actual data, and the
AUC metric = 92.4% confirms the good
quality of the prediction.

Discussion

Our study included patients with single-
level central degenerative spinal canal
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stenosis and instability of the spinal
motion segment at the level of spinal
canal stenosis who underwent isolated
XLIF. Thus, a homogeneous group was
selected, which is also confirmed by
the comparison of the two groups by
gender, age, side of surgical approach,
spinal canal stenosis according to Schizas,
level of degenerative stenosis, and the
VAS score in the lower extremities before
surgery, where these indicators did not
differ significantly between the groups.

There are a number of studies focused
on identifying predictors of effective
indirect decompression of spinal nerve
roots after XLIF. However, most of
them do not specify the type of steno-
sis (intervertebral foramen, spinal canal,
lateral recess) or assess the effectiveness
of decompression of spinal nerve roots
in intervertebral foramina in combi-
nation with or without stenosis in the
spinal canal [12-16]. In a study to iden-
tify predictors of unsuccesstul indirect
decompression after ALIF and XLIF, Park
et al. [31] examined the treatment out-
comes of patients who underwent direct
decompression as a second surgery sev-
eral days after ALIF or XLIF and report-
ed that some patients did not require
the second stage since indirect decom-
pression had already achieved a clinical
effect. The results of this study are not
fully applicable to predicting indirect
decompression after XLIF because of the
heterogeneity of the groups and the use
of different surgical techniques. The prin-
cipal difference between XLIF and ALIF
in achieving indirect decompression is
the ability to cross the longitudinal liga-
ments of the spine in ALIF and to place
a higher cage than in XLIF. An increase
in the height of the interbody space is
one of the key techniques for achieving
effective indirect decompression of the
spinal roots.

There are a small number of articles
about predictors of indirect decompres-
sion of spinal nerve roots specifically in
the spinal canal in cases of central degen-
erative stenosis after XLIF. Thus, in a ret-
rospective analysis of 73 patients with
XLIF performed on 107 levels for spi-
nal canal stenosis associated with spon-
dylolisthesis, scoliosis, adjacent segment
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Table 1

Main characteristics of patients in the study groups and their comparison

Parameter

Males, n (%)
Females, n (%)

Age, years

Grades before surgery according to Schizas, n (%)
B
C
D

Dynamic compression of spinal cord roots, n (%)
Yes

No

Obesity grade by BMI, n (%)

Normal (BMI up to 25 kg/m?)

Overweight (BMI 25—30 kg/m?)

Grade I (BMI 30—35 kg/m?)

Grade IT (BMI 35—40 kg/m?)

Grade IIT (BMI more than 40 kg/m?)

* Significant differences; BMI — body mass index.

Group 1 (n = 58) Group 2 (n = 22) b value
19 (32.8) 5(22.7) 0.428
39 (67.2) 17 (77.3)
64.0 [58.2; 68.0] 59.0 [54.8;64.8] 0.038*
63.50 + 7.30 59.20 + 8.04
(41.0—84.0) (42.0—74.0)
6 (10.3) 1(4.5) Overall comparison: 0.481;
14 (24.1) 8 (36.4) category: p; p corrected
38 (65.6) 13 (59.1) B: 0.667; 0.667
C:0.279; 0.667
D:0.611;0.667
12 (20.7) 11(50.0) 0.014*
46 (79.3) 11 (50.0)
5(8.6) 2(9.1) Overall comparison: 0.081;
16 (27.6) 3(13.6) category: p; p corrected
20 (34.5) 4(18.2) [0; 25]: >0.999; >0.999
9 (15.5) 10 (45.5) [25;30]:0.247;0.412
8(13.8) 3(13.6) [30;35]:0.183;0.412
[35;40]: 0.008*; 0.041*
[40; 100]: >0.999; >0.999

degeneration, or degenerative disc di-
sease, Walker et al. [32] identified the fol-
lowing predictors of indirect decompres-
sion of spinal nerve roots: low BMI (con-
trary to our results), spondylolisthesis,
and lower disc height.

We included only patients with
monosegmental central degenerative
spinal canal stenosis in our study; there-
fore, all patients underwent single-lev-
el surgery. Walker et al. [32] considered
successful indirect decompression to
be a reduction in lower extremity pain
intensity to a score of three or less on the
VAS. We considered indirect decompres-
sion to be successful if pain in the lower
extremities decreased to 0—1 points on
the VAS for more rigorous selection of
patients for Group 2, and 1 point was
allowed for patients who still had pain
in the lower extremity on the approach
side or as reflex pain syndrome in the
early postoperative period after XLIF.
In the study by Walker et al. [32], only
32 of 73 patients had single-level spinal

canal stenosis, including six patients who
underwent surgery for adjacent segment
degeneration, six patients who suffered
from intervertebral disc herniation and
synovial intracanal cyst of the facet joint,
and only 20 patients who had spondylo-
listhesis. Wang et al. [33] performed XLIF
on 101 levels in 45 patients with spondy-
lolisthesis as revision surgery because of
degenerative segmental lesions, adjacent
segment degeneration, instability of the
spinal motion segment, traumatic spinal
injury, spinal canal stenosis, and scoliosis
of the lumbar spine. The heterogeneity of
the selected patient groups in terms of
nosology is a significant distinguishing
feature compared to the patients in our
study. The absence of the lateral recess
stenosis was found to be the only predic-
tor of effective indirect decompression,
and we got a similar result. Nakashima
et al. [34] report that XLIF can reduce
pain intensity in the lower extremities by
stabilizing the segment. We support this
view, since there is no increase in the spi-
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nal canal cross-sectional area after XLIF
in some cases, while radicular syndrome
is relieved.

Shimizu et al. [35] found that Schi-
zas grade D spinal canal stenosis is not a
predictor of failure to achieve effective
indirect decompression after XLIF. In
our study, 13 (59.1%) of 22 patients
with effective indirect decompression
had Schizas grade D stenosis. Khal-
sa et al. [21] point out that if the inten-
sity of pain in the lower extremities
does not decrease when the patient
is lying, direct decompression should
be performed. We evaluated the sig-
nificance of dynamic compression for
predicting the effectiveness of indirect
decompression after XLIF: this param-
eter is significant (p = 0.012) in a uni-
variate model, while it is insignificant
(p = 0.081) in a multivariate model.
Therefore, in some patients, indirect
decompression may be achieved even
without dynamic compression of the
spinal nerve roots. Li et al. [36] con-
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Table 2

Radiological, MRI and MSCT characteristics of patients in the study groups and their comparison

Parameter

Anterior disc height according to MSCT, mm

Middle disc height according to MSCT, mm

Posterior disc height according to MSCT, mm

Intervertebral disc degeneration according to Pfirrmann,

n (%)

Lateral recess angle, degree

Lateral recess depth, degree

Presence of lateral spondylolisthesis, n (%)

Spinal canal cross-section area before surgery, mm?

Thickness of the ligamentum flavum before surgery, mm

TEPS, n (%)

Bone density of the adjacent vertebral bodies, assessed

according to Hounsfield, HU

* Significant differences.

Group 1 (n = 58)

Group 2 (n = 22)

6.0 [4.2;8.6] 4.6[3.0;7.1]
6.40 + 2.80 4.80 +2.94
(0.3-14.0) (1.0-10.0)

6.4 [5.0;9.1] 4.7 [3.0;8.9]
7.00 + 3.00 5.40 + 3.22
(0.3—13.6) (1.0-11.0)

4.3 [3.0;5.9] 3.0 [1.1;4.2)
4.50 + 2.10 3.20 + 2.08

(0.0-9.0) (1.0-8.5)
1-0(0) 1-0(0)
2-1(1.7) 2—0(0.0)

3 — 34 (58.6) 3—17(31.8)

4-12(20.7) 411 (50.0)

511 (19.0) 5-—4(18.2)

24.0 (20.0; 34.8)

35.0 (26.0; 47.8)

27.30 + 13.40 36.60 + 14.28
(0.0-70.0) (15.0—70.0)
2.9 [2.0;4.0] 4.8 [4.0;5.8]
3.00 + 1.50 5.20 + 2.35
(0.0-7.0) (1.5-11.0)
3(5.2) 6 (27.3)
[1.8;14.1] [13.2;48.2]
47.0 [37.2; 60.0] 52.5 [47.0; 96.8]
56.60 + 31.4 76.00 + 47.13
(28.0—174.0) (28.0-219.0)
3.0 [2.4;4.5] 4.0([2.1;4.3)
3.40 + 1.40 3.60 + 1.58
(1.0-6.7) (1.3-7.0)
2-1(1.7) 2 -0 (0.0)
328 (48.3) 3—5(22.7)
415 (25.9) 411 (50.0)
5-7(12.1) 5-2(9.1)
6—17(12.1) 6—4(18.2)

127.5 [90.0; 150.0]
130.40 + 69.60
(20.0—400.0)

165.0 [120.0; 217.5)

206.60 + 177.28
(70.0-900.0)

p value

0.028*

0.046*

0.013*

Overall comparison: 0.053;
category: p; p corrected
2:>0.999; >0.999
3:0.045%; 0.090
4:0.014*;0.055
5: >0.999; >0.999
0.010*

<0.001*

0.011*

0.068

0.539

Overall comparison: 0.163
category: p; p corrected
2:>0.999; >0.999
3:0.045%;0.151
4:0.060; 0.151
5: >0.999; >0.999
6:0.483; 0.806
0.011*

ducted a large study analyzing the
treatment outcomes of 557 patients who
underwent XLIF on 901 segments, fol-
lowed by 7 days of follow-up. If indirect
decompression was ineffective, a second-
stage surgery was performed involving
direct decompression. According to the
results of the study, patients with Schizas

grade C are considered to be better can-
didates to undergo successful indirect
decompression with XLIF. However,
the possibility of indirect decompres-
sion in patients with grade D is also
considered possible, and lateral recess
stenosis is defined as a moderate risk
factor for unsuccessful indirect decom-
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pression. This study is the most exten-
sive in terms of the patient number.

The aforementioned studies differ
from our study mainly in the hetero-
geneity of the selected groups, which
can significantly reduce the reliability
of the findings (Table 5).
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Table 3

Logistic regression models to identify predictors of indirect spinal root decompression in the spinal canal after XLIF

Parameter

Lateral recess depth greater than 3.75 mm

Body mass index over 35.97 kg/m?

The presence of dynamic compression of the spinal cord roots

Bone density of the adjacent vertebral bodies (Hounsfield scale) more

than 157.5 HU

Anterior disc height according to MSCT less than 3.75 mm
Middle disc height according to MSCT less than 4.05 mm
Posterior disc height according to MSCT less than 3.85 mm

Presence of lateral spondylolisthesis

Intervertebral disc degeneration greater than 4 according to Pfirrmann

TEPS greater than 4

* Significant predictors.

Univariate model

OR [95% CI]

11.81 [3.76; 45.93]
6.17 [2.16; 18.78]
3.83 [1.35; 11.20]
6.53 [2.22; 20.41]

7.34 [2.17; 27.58]
6.07 [1.95; 20.09]
4.76 [1.71; 14.42)
6.87 [1.63; 35.57]
3.26 [1.19;9.71]

3.40 [1.17; 11.46]

Multivariate model
p OR [95% CI] b
<0.001* 23.77 [4.43; 250.90] 0.001*
0.001* 10.30 [1.61;111.15] 0.025*
0.012* 5.94 [0.85; 54.55] 0.082
0.001* — —
0.002* — —
0.002* — —
0.004* — —
0.011* — —
0.026* — —
0.033* — —

Sensitivity, %

40

Threshold0.30 (93.1%, 77.3%)

AUC: 92.4%

T T T
100 80

60
Specificity, %

T T T
40 20 0

Fig.

in the spinal canal after XLIF

ROC curve for a multivariate model of indirect decompression of spinal nerve roots

Our study is unique, as it formed a
homogeneous group with a large num-
ber of patients (n = 80) compared to
existing studies. We performed XLIF on
our patients at only one level because of
a monosegmental central degenerative
spinal canal stenosis associated with seg-

mental instability. XLIF was done without
extra fixation or direct decompression of
the spinal nerve roots, making it possible
to fully evaluate XLIF as a decompression
and stabilization procedure.

The results are relevant for patients
with degenerative monosegmental cen-

61

tral spinal canal stenosis associated with
instability of the spinal motion segment at
levels L2-L3, L3—-14, and less commonly
[4-L5, because of the specific character-
istics of the surgical approach to the spine
using XLIF technology. The study does not
include the most common patient models,
namely those with degenerative stenosis
of 14-L5, in whom microsurgical decom-
pression is considered more appropriate
because of the absence of instability of
the spinal motion segment or multiseg-
mental degenerative stenosis of the spi-
nal canal. This limited our ability to enroll
more patients. Only early postoperative
outcomes were assessed.

Conclusion

Bone density in adjacent vertebral bod-
ies (assessed in Hounsfield units), inter-
vertebral disc height, the presence of
lateral spondylolisthesis, the degree
of disc degeneration according to the
Pfirrmann classification, the condition
of the endplates according to the
Rajasekaran classification (TEPS), and
the presence of dynamic compression
of neural structures are significant
parameters for predicting effective
indirect decompression of spinal nerve
roots in the spinal canal after XLIF. The
predictors of indirect decompression
have been identified: the depth of the
lateral recess and BML
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Table 4

Prognostic characteristics of a multivariate model of indirect decompression of spinal nerve roots

in the spinal canal after XLIF

Characteristic

Incidence rate of the technique
Actual incidence rate
Sensitivity

Specificity

Diagnostic accuracy

Value (95% CI)

26.2 [17.0; 37.3]
27.5 [18.1; 38.6]
77.3 [54.6; 92.2]
93.1 [83.3;98.1]
88.8 [79.7; 94.7]

Additional research is required to vali-
date and test the identified prognostic
criteria. It is important to evaluate the
period of bone block formation in the
surgical site, the frequency of implant
subsidence and its clinical significance
in the long term (12 and 24 months),
the long-term effect of indirect decom-
pression, and the results of the ODI and
SF-12 scales in the long-term (12 and
24 months) postoperative period.

The study had no sponsors.

The authors declare that they bave no conflict of
interest.

The study was approved by ihe local ethics
committee of the institution.

Al authors contributed significantly to the research
and preparation of the article, read and approved
the final version before publication.

Table 5

Study Year Patients,
n
Ozguretal. [12] 2006 13
Wang et al. [14] 2014 21
Park et al. [31] 2020 86
Walker et al. [32] 2021 73
Wang et al. [33] 2017 45
Nakashima et al. [34] 2019 102
Shimizu et al. [35] 2020 42
Lietal. [36] 2022 557

Similarities and differences in the analyzed thematic articles

Operated levels, Comments
n
13 All patients with axial lumbar pain and without spinal stenosis
23 The study included patients with adjacent segment disease,
XLIF was performed without extension of transpedicular fixation of the
spine, 4 of 21 patients underwent XLIF at two levels
The treatment outcomes of patients who underwent
ALIF or LLIF were assessed
107 73 patients were operated on at 107 levels, only 32 patients
underwent single-level XLIF
101 Only 37 of 45 patients had degenerative spinal stenosis.
Lateral recess stenosis was found to be a predictor
of failed indirect decompression
136 74 patients underwent single-level XLIF; 22 patients underwent
two-level XLIF; 6 patients underwent three-level XLIF;
27 patients underwent OLIF. No MSCT or MRI was performed
in the early postoperative period
45 It has been found that severe spinal stenosis is not a contraindication
for XLIF aimed for achieving indirect decompression of spinal nerve roots
901 A lumbar spine MSCT scan was not assessed prior to surgery.

Spinal canal stenosi

s of Schizas grade D is identified as a prognostic

factor for failed indirect decompression

02

DEGENERATIVE DESEASES OF THE SPINE




KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2025:22(4):56-65

L.D. ISAKOV ET AL. PREDICTORS OF INDIRECT DECOMPRESSION IN PATIENTS WITH MONOSEGMENTAL LUMBAR SPINAL STENOSIS

References

10.

11

12.

13.

14.

Ravindra VM, Senglaub SS, Rattani A, Dewan MC, H rtl R, Bisson E,
Park KB, Shrime MG. Degenerative lumbar spine disease: estimating
global incidence and worldwide volume. Global Spine J. 2018;8:784-794.
DOI: 10.1177/2192568218770769

Ahmadian A, Bach K, Bolinger B, Malham GM, Okonkwo DO, Kanter AS,
Uribe JS. Stand-alone minimally invasive lateral lumbar interbody fusion: multicenter
clinical outcomes. J Clin Neurosci. 2015;22:740-746. DOL 10.1016/jjocn.2014.08.036
Alimi M, Hofstetter CP, Tsiouris AJ, Elowitz E, H rtl R. Extreme lateral interbody
fusion for unilateral symptomatic vertical foraminal stenosis. Eur Spine J. 2015;24 Suppl
3:346-352. DOIL 10.1007/500586-015-3940-z

Campbell PG, Nunley PD, Cavanaugh D, Kerr E, Utter PA, Frank K, Stone M.
Short-term outcomes of lateral lumbar interbody fusion without decompression
for the treatment of symptomatic degenerative spondylolisthesis at L4-5. Neurosurg
Focus. 2018;44:E6. DOL 10.3171/2017.10.FOCUS17566

Castellvi AE, Nienke TW, Marulanda GA, Murtagh RD, Santoni BG. Indirect
decompression of lumbar stenosis with transpsoas interbody cages and percutaneous
posterior instrumentation. Clin Orthop Relat Res. 2014:472:1784-1791.
DOL 10.1007/511999-014-3464-6

Dominguez I, Luque R, Noriega M, Rey J, Alia J, Marco-Martinez F. Extreme
lateral lumbar interbody fusion. Surgical technique, outcomes and complications
after a minimum of one year follow-up. Rev Esp Cir Ortop Traumatol. 2017;61:3-18.
DOI 10.1016/j.recot.2016.09.001

Formica M, Berjano P, Cavagnaro L, Zanirato A, Piazzolla A, Formica C.
Extreme lateral approach to the spine in degenerative and post traumatic lumbar dis-
eases: selection process, results and complications. Eur Spine J. 2014;23 Suppl 6:684-692.
DOI 10.1007 /500586-014-3545-y

Navarro-Ramirez R, Berlin C, Lang G, Hussain I, Janssen I, Sloan S, Askin G,
Avila MJ, Zubkov M, Hiirtl R. A new volumetric radiologic method to assess indirect
decompression after extreme lateral interbody fusion using high-resolution intraopera-
tive computed tomography. World Neurosurg. 2018;109:59-67.

DOL 10.1016/j.wneu.2017.07.155

Pereira EA, Farwana M, Lam KS. Extreme lateral interbody fusion relieves symp-
toms of spinal stenosis and lowgrade spondylolisthesis by indirect decompression
in complex patients. ] Clin Neurosci. 2017;35:56-61. DOL 10.1016/j,jocn.2016.09.010
Tessitore E, Molliqaj G, Schaller K, Gautschi OP. Extreme lateral interbody fusion
(XLIF): A single-center clinical and radiological follow-up study of 20 patients. ] Clin
Neurosci. 2017;36:76-79. DOIL 10.1016/jjocn.2016.10.001

Tohmeh AG, Khorsand D, Watson B, Zielinski X. Radiographical and clinical eval-
uation of extreme lateral interbody fusion: effects of cage size and instrumentation type
with a minimum of 1-year follow-up. Spine (Phila Pa 1976). 2014;39:E1582-E1591.
DOI: 10.1097/BRS.0000000000000645

Ozgur BM, Aryan HE, Pimenta L, Taylor WR. Extreme Lateral Interbody Fusion
(XLIF): a novel surgical technique for anterior lumbar interbody fusion. Spine J.
2006;6:435-443. DOL: 10.1016/j.spinee.2005.08.012

McAfee PC, Regan JJ, Geis WP, Fedder IL. Minimally invasive anterior retroperito-
neal approach to the lumbar spine. Emphasis on the lateral BAK. Spine (Phila Pa 1976).
1998;23:1476-1484. DOL: 10.1097/00007632-199807010-00009
Wang MY, Vasudevan R, Mindea SA. Minimally invasive lateral interbody fusion
for the treatment of rostral adjacent-segment lumbar degenerative stenosis with-
out supplemental pedicle screw fixation. J Neurosurg Spine. 2014;21:861-866.
DOI: 10.3171/2014.8.SPINE13841

03

20.

21.

22.

23.

24,

25.

26.

27.

28.

. Mobbs RJ, Phan K, Malham G, Seex K, Rao PJ. Lumbar interbody fusion: tech-

niques, indications and comparison of interbody fusion options including PLIF, TLIF,
MI-TLIF, OLIF/ATP, LLIF and ALIF. ] Spine Surg. 2015;1:2-18.
DOI: 10.3978/j. issn.2414-469X.2015.10.05

. Lee DH, Lee DG, Hwang JS, Jang JW, Maeng DH, Park CK. Clinical

and radiological results of indirect decompression after anterior lumbar inter-
body fusion in central spinal canal stenosis. | Neurosurg Spine. 2021;34:564-572.
DOI: 10.3171/2020.7.SPIN E191335

. Gagliardi M]J, Guiroy AJ, Camino-Willhuber G, Joaquim AF, Carazzo CA,

Yasuda E, Cabrera JP, Morales Ciancio AR. Is indirect decompression and fusion
more effective than direct decompression and fusion for treating degenerative lumbar
spinal stenosis with instability? A systematic review and meta-analysis. Global Spine .
2023;13:499-511. DOL 10.1177/21925682221098362

. Kirnaz S, Navarro-Ramirez R, Gu J, Wipplinger C, Hussain I, Adjei J, Kim E,

Schmidt FA, Wong T, Hernandez RN, Hirtl R. Indirect decompression failure after
lateral lumbar interbody fusion-reported failures and predictive factors: systematic
review. Global Spine J. 2020;10(2 Suppl):85-16S. DOL 10.1177/2192568219876244

. Schizas C, Theumann N, Burn A, Tansey R, Wardlaw D, Smith FW, Kulik G.

Qualitative grading of severity of lumbar spinal stenosis based on the morphology of the
dural sac on magnetic resonance images. Spine (Phila Pa 1976). 2010;35:1919-24.
DOL: 10.1097/BRS.0b013e3181d359bd

Elmose SF, Andersen GO, Carreon LY, Sigmundsson FG, Andersen MO.
Radiological definitions of sagittal plane segmental instability in the degen-
erative lumbar spine — A systematic review. Global Spine J. 2023;13:523-533.
DOI: 10.1177/21925682221099854

Khalsa AS, Eghbali A, Eastlack RK, Tran S, Akbarnia BA, Ledesma JB,
Mundis GM. Resting pain level as a preoperative predictor of success with indirect
decompression for lumbar spinal stenosis: a pilot study. Global Spine J. 20199:150-154.
DOI: 10.1177/2192568218765986

Grogan J, Nowicki BH, Schmidt TA, Haughton VM. Lumbar facet joint tro-
pism does not accelerate degeneration of the facet joints. AINR Am | Neuroradiol.
1997;18:1325-1329.

Krutko A.V., Sanginov A.D. On the extent of preoperative radiological and ct exam-
ination of patients with degenerative diseases of the lumbar spine. Russian Journal
of Spine Surgery (Kbirurgiya Pozvonochnika). 2018;15(2):66-75.

DOL 10.14531/s52018.2.66-75

Modic MT, Steinberg PM, Ross JS, Masaryk TJ, Carter JR. Degenerative disk di-
sease: assessment of changes in vertebral body marrow with MR imaging. Radiology.
1988;166(1 Pt 1):193-199. DOL 10.1148/radiology.166.1.3336678

Pfirrmann CW, Metzdorf A, Zanetti M, Hodler J, Boos N. Magnetic resonance
classification of lumbar intervertebral disc degeneration. Spine (Phila Pa 1976).
2001;26:1873-1878. DOIL: 10.1097/00007632-200109010-00011

Steurer J, Roner S, Gnannt R, Hodler J, LumbSten Research Collaboration.
Quantitative radiologic criteria for the diagnosis of lumbar spinal stenosis: a systematic liter-
ature review. BMC Musculoskelet Disord. 2011;12:175. DOL 10.1186/1471-2474-12-175
Rajasekaran S, Venkatadass K, Naresh Babu J, Ganesh K, Shetty AP. Pharmaco-
logical enhancement of disc diffusion and differentiation of healthy, ageing and degen-
erated discs: Results from in-vivo serial post-contrast MRI studies in 365 human lumbar
discs. Eur Spine J. 2008;17:626-643. DOL: 10.1007 /500586-008-0645-6

Khil EK, Choi JA, Hwang E, Sidek S, Choi I. Paraspinal back muscles in asymp-
tomatic volunteers: quantitative and qualitative analysis using computed tomography
(CT) and magnetic resonance imaging (MRI). BMC Musculoskelet Disord. 2020;21:403.
DOL 10.1186/s12891-020-03432-w

DEGENERATIVE DESEASES OF THE SPINE



KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2025:22(4):56-65

29.

30.

3L

32.

33.

34.

L.D. ISAKOV ET AL. PREDICTORS OF INDIRECT DECOMPRESSION IN PATIENTS WITH MONOSEGMENTAL LUMBAR SPINAL STENOSIS

Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty muscle degenera-
tion in cuff ruptures. Pre- and postoperative evaluation by CT scan. Clin Orthop Relat
Res. 1994:(304):78-83.

Leonova ON, Baykov ES, Krutko AV. Lumbar decompression and stabilization in
degenerative disease: essential preoperative examinations. N.N. Priorov Journal of Trau-
matology and Orthopedics. 2025;32(2):375-384.

DOI: 10.17816/vt0636804 EDN: RXXMHY

Park D, Mummaneni PV, Mehra R, Kwon Y, Kim S, Ruan HB, Chou D. Pre-
dictors of the need for laminectomy after indirect decompression via initial an-
terior or lateral lumbar interbody fusion. J Neurosurg Spine. 2020;32:781-787.
DOL 10.3171/2019.11.SPINE19314

Walker CT, Xu DS, Cole TS, Alhilali LM, Godzik J, Angel Estrada S, Pedro
Giraldo J, Wewel JT, Morgan CD, Zhou JJ, Whiting AC, Farber SH,
Martirosyan NL, Turner JD, Uribe JS. Predictors of indirect neural decompres-
sion in minimally invasive transpsoas lateral lumbar interbody fusion. J Neurosurg Spine.
2021;35:80-90. DOL 10.3171/2020.8.SPINE20676

Wang TY, Nayar G, Brown CR, Pimenta L, Karikari 10, Isaacs RE. Bony lateral
recess stenosis and other radiographic predictors of failed indirect decompression via
extreme lateral interbody fusion: multi-institutional analysis of 101 consecutive spinal
levels. World Neurosurg. 2017;106:819-826. DOL 10.1016/j.wneu.2017.07.045
Nakashima H, Kanemura T, Satake K, Ishikawa Y, Ouchida J, Segi N,
Yamaguchi H, Imagama S. Indirect decompression on MRI chronologically pro-
gresses after immediate postlateral lumbar interbody fusion: the results from a mini-
mum of 2 years follow-up. Spine (Phila Pa 1976). 2019;44:E1411-E1418.

DOI: 10.1097/BRS.0000000000003180

35. Shimizu T, Fujibayashi S, Otsuki B, Murata K, Matsuda S. Indirect decom-
pression with lateral interbody fusion for severe degenerative lumbar spi-
nal stenosis: minimum 1-year MRI follow-up. J Neurosurg Spine. 2020;33:27-34.

DOI: 10.3171/2020.1.SPINE191412

36. LiJ, XuTZ, Zhang N, Chen QX, Li FC. Predictors for second-stage posterior direct
decompression after lateral lumbar interbody fusion: a review of five hundred fifty-

seven patients in the past five years. Int Orthop. 2022;46:1101-1109.
DOI: 10.1007/500264-022-05313-4

Address correspondence to:

Isakov Ilya Dmitrievich

Novosibirsk Research Institute of Traumatology and Orthopaedics
n.a. YaLTsivyan,

17 Frunze str., Novosibirsk, 630091, Russia,

doctorisakov@mail.ru

Received 04.06.2025
Review completed 18.09.2025
Passed for printing 07.11.2025

Ilya Dmitrievich Isakov, junior researcher, Research Department of Neurovertebrology, Novosibirsk Research Institute of Traumatology and Orthopaedics
n.a. Ya.L Tsivyan, 17 Frunze str., Novosibirsk, 630091, Russia, eLibrary SPIN: 1255-9290, ORCID: 0000-0002-9228-3241, doctorisakov@mail.ru;

Abdugafur Jabborovich Sanginov, MD, PhD, researcher, Research Department of Neurovertebrology, Novosibirsk Research Institute of Traumatology and Orthopae-
dics n.a. Ya.L. Tsivyan, 17 Frunze str., Novosibirsk, 630091, Russia, eLibrary SPIN: 3454-0039, ORCID: 0000-0002-4744-4077, Dr.sanginov@gmail.com;

Evgeny Andreyevich Mushkachev, junior researcher, Research Department of Neurovertebrology, Novosibirsk Research Institute of Traumatology and Orthopaedics
n.a. Ya.L. Tsivyan, 17 Frunze str., Novosibirsk, 630091, Russia, eLibrary SPIN: 4250-4886, ORCID: 0000-0003-0346-3898, mushkachevi@gmail.com;

Aleksey Viadimirovich Peleganchuk, MD, PhD, senior researcher, Research Depariment of Neurovertebrology, Head of the Department of Neurosurgery No. 2,
Novosibirsk Research Institute of Traumatology and Orthopaedics n.a. Ya.L. Tsivyan, 17 Frunze str., Novosibirsk, 630091, Russia, eLibrary SPIN: 2663-9450,
ORCID: 0000-0002-4588-428X, apeleganchuk@mail.ru.

64

DEGENERATIVE DESEASES OF THE SPINE



KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2025:22(4):56-65

L.D. ISAKOV ET AL. PREDICTORS OF INDIRECT DECOMPRESSION IN PATIENTS WITH MONOSEGMENTAL LUMBAR SPINAL STENOSIS

05

DEGENERATIVE DESEASES OF THE SPINE



