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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: To evaluate imaging outcomes of XLIF surgery 

for lumbar spinal stenosis 
Methods: This is a cross-sectional descriptive study. There 

were 33 patients with 36 segments of surgery diagnosed with 
lumbar spinal stenosis that were surgically treated with the XLIF 
method. Clinical outcomes measured included VAS scores for 
lower back pain and leg pain, ODI, and JOA scores. Magnetic 
resonance imaging of the lumbar spine after surgery was used to 
evaluate indirect decompression. Differences were determined 
by independent T-test.

Results: There were 33 patients with 36 segments of surgery. 
They were 14 males and 19 females with an average age of 
59.2±8.01. There was significant improvement in VAS for 
lower back pain from 7.21±1,73 to 3.15±1.70, VAS for leg 
pain from 6.88±2.07 to 1.18±1.76, ODI from 27.45±8.48 to 
14.48±9.05, and JOA score from 7.24±2.94 to 13.91±1.94. A-P 
diameter increased 124% and 131%, lateral diameter increased 
118% and 129%, lateral recess depth increased 168% and 
181%, disc height increased 125% and 129%, foraminal height 
increased 118% and 117%, spinal canal area increased 125% 
and 141% after surgery and the last examination (respectively), 
segmental lordosis increased from 3.29±4.48° to 8.17±3.27°, 
lumbar lordosis increased from 26.69±14.66° to 34.41±12.45°. 
The average hospital stay was 5,88±2,9 days. 

Conclusion: XLIF surgery presents a favorable option for 
patients with lumbar spinal stenosis. Spinal canal area improved 
clearly after surgery in MRI.

Key words. Clinical, imaging, lumbar stenosis, lateral 
approach surgery, percutaneous screws.
Abbreviations.

XLIF: eXtreme Lateral Interbody Fusion
VAS: Visual Analogue Score
ODI: Oswestry Disability Index 
JOA: Japanese Orthopedic Association 
MRI: Magnetic Resonance Imaging

Introduction.
Lumbar interbody fusion (LIF) has been recognized as an 

effective method for patients with refractory low back pain due 
to a variety of degenerative lumbar spinal disorders, including 
lumbar stenosis diseases and spondylolisthesis [1]. 

Extreme lateral interbody fusion (XLIF) surgery is defined as 
minimally invasive lateral, retroperitoneal surgery to the anterior 
spinal column with reduced injury to muscles and adjacent 
structures by manual dissection of the retroperitoneal space. We 
conducted initial guidance of the psoas muscle to the surface 
of the psoas muscle, use of the intraoperative neurophysiology 

monitoring when passing through the psoas muscle, extension 
of the retraction system and direct observation of the surgical 
field, placement of a large interbody instrument to open 
maximum intervertebral and orthopedic space expansion. XLIF 
is indirect decompression surgery and thus restoring disc, spinal 
canal size and foraminal height resulting in symptomatic relief 
is its main advantage over more invasive decompression and 
interbody fusion surgeries. Indeed, XLIF surgery can reduce 
post-operative pain, entry wounds, tissue trauma, operating, 
recovery and mobility times resulting in shorter hospital stays. 

We conducted research on the topic " Spinal canal size 
improvement after XLIF for lumbar spinal stenosis" with the 
aim of: Comparing spinal canal size pre-operation and post-
operation after XLIF for lumbar stenosis.
Methods.
Patient selection:

Our study recruited 33 patients with 36 segments surgery who 
were treated with the XLIF method from 2019 to April 2024. 
Ethical approval was received from the institution’s review 
board (IRB approval number 853/GCN-HĐĐĐNCYSH-
ĐHYHN)

The indications for XLIF include patients with lumbar spinal 
stenosis, except for patients with paralysis or severe leg pain at 
rest, the absence of a free disc fragment on MRI, bony lateral 
recess, deformities of both lower extremities, diseases that 
greatly affect diagnosis (spinal tuberculosis, spinal arachnoiditis, 
etc.), or patients were previously performed lumbar spinal 
surgery or patients with no clinical manifestations or enable to 
follow-up post-surgery. 
Research Methods:

We conducted a cross-sectional descriptive study during the 
mentioned period time. The demographic and clinical data were 
retrieved from medical chart reviews. Clinical presentations and 
imaging investigation were collected before, during and after 
surgery. 

During the operation, we collected several indexes including 
intraoperative monitoring of surgery time, and amount of blood 
loss. Treatment outcomes were evaluated after surgery, the 
last examination from 1 month to 6 months after the surgery. 
The outcome measures included the VAS for lower leg pain 
and back pain, the ODI for disability, and the JOA scores 
for functional recovery after 1 month. All patients had plain 
anteroposterior (AP) and lateral x-rays, dynamic flexion-
extension lateral x-rays before the surgery and after surgery to 
evaluate segmental lordosis and lumbar lordosis. Patients had 
a lumbar spine magnetic resonance imaging study before the 
surgery, after surgery and the last examination. We measure 
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the anterior and posterior diameter of the spinal canal, lateral 
diameter, lateral recess depth, spinal canal area, disc height, 
foraminal height pre-operation and post-operation on PACS 
software [2].

Paired T-tests were used to compare the continuous variables 
between groups. Chi-square test was used to compare categorical 
variables between groups. A p-value of < 0.05 was considered 
statistically significant. The data was processed using SPSS 
20.0 software.
Results.

This study included 14 males and 19 females with an average 
age of 59.2 years (range 36–74 years). These patients received 
36 segments of XLIF, including 1-segment fusion in 30 patients, 
2-segment fusion in 3 patients. L4–5 was the most frequently 
involved level, followed by L3–4, and L2–3. The average 
hospital stay was 5.88 days (range, 3–14 days). No patient 
required a blood transfusion. After surgery, the VAS for lower 
back pain had improved from 7,21±1,73 to 3,15±1,70, and VAS 
for leg pain improved from 6,88±2,07 to 1,18±1,76. After 1 
month ODI had improved from 27,45±8,48 to 14,48±9,05. The 
JOA score had improved from 7,24±2,94 to 13,91±1,94. All 
these improvements were statistically significant from baseline 
with p < 0.001. The demographic data and clinical outcomes 
were summarized in (Tables 1 and 2).

27 segments of surgery underwent MRI after surgery to 
evaluate the size of the spinal canal (Table 3). In those 27 
segments of surgery, the anterior and posterior diameter 
increased from 7.24±1.91 mm to 8.91±2.58 mm, 124% of 
pre-operation , the lateral diameter increased from 11.72±3.53 

mm to 13.92±4.06 mm, 118% of pre-operation lateral recess 
depth increased from 1.69±1.32 mm to 2.84±0.99 mm, 168% 
of pre-operation, spinal canal area increased from 71.95±32.82 
mm2 to 90.09±41.62 mm2, 125% of pre-operation, disc height 
increased from 8.78±2.29 mm to 10.96±2.12 mm, 125% of pre-
operation, foraminal height increased from 16.99±3.38 mm to 
20.07±2.53 mm, 118% of pre-operation.

22 segments of surgery underwent MRI at last examination 
from 1 month to 6 months after surgery to evaluate the size of 
the spinal canal (Table 4). In those 22 segments of surgery, the 
anterior and posterior diameter increased from 7.48±1.96 mm 
to 9.78±2.41 mm, 131% of pre-operation , the lateral diameter 
increased from 11.52±3.54 mm to 14.81±4.26 mm, 129% of 
pre-operation, lateral recess depth increased from 1.75±1.38 
mm to 3.16±1.04 mm, 181% of pre-operation, spinal canal area 
increased from 73.04±34.05 mm2 to 103.31±44.89 mm2, 141% 
of pre-operation, disc height increased from 8.74±2.42 mm 
to 11.21±3.19 mm, 129% of pre-operation, foraminal height 
increased from 17.12±3.07 mm to 19.98±2.58 mm, 117% of 
pre-operation. Segmental lordosis increased from 3.29±4.48° to 
8.17±3.27°. Lumbar lordosis increased from 26.69±14.66° to 
34.41±12.45°.
Discussion.

Indirect decompression through eXtreme Lateral Lumbar 
Interbody Fusion has been shown to achieve similar or better 
outcomes with regards to pain and disability relief compared to 
direct approaches [3].

In our research group, there were 33 cases of lumbar spinal 
stenosis (Table 1). There were 30 cases of 1-segment XLIF 
surgery, 3 cases of 2-segments XLIF surgery (Table 1). The 
average surgery time was 120.91±34.76 minutes, the average 
blood loss was 43.03±85.34 ml, there was 1 case of 500ml 
blood loss due to damage to the iliac vein. There were no 

Variable Value
Sex
      Male 14 (42.4%)
      Female 19 (57.6%)
Age (years) 59.2±8.01
Segments of XLIF
1-segment
2-segment

30 (90.9%)
3 (9.1%)

Level distribution (n=21)
                L23
               L34
               L45

1 (2.8%)
6 (16.7%)
29 (80.6%)

Blood loss (ml) 43.03±85.34 (10-500)
Time surgery (minutes) 120.91±34.76
Length of hospital stay (days) 5.88±2.9

Table 1. Demographic data.

Values are presented as a number (%) or mean (range).

Variable (n=33) Preoperative Posoperative P-value
VAS for back pain 7.21±1.73 3.15±1.70 p<0.001
VAS for leg pain 6.88±2.07 1.18±1.76 p<0.001
ODI 27.45±8.48 14.48±9.05 p<0.001
JOA score 7.24±2.94 13.91±1.94 p<0.001

Table 2. Summary of clinical outcomes.

Values are presented as mean± standard deviation or a number (%)
VAS: Visual Analogue Scale; ODI: Oswestry Disability Index; JOA: 
Japanese Othopedic Association.

n=27 Pre-
operation

Post-
operation p-value

Anterior-posterior diameter 
(mm) 7.24±1.91 8.91±2.58 p<0.001

Lateral diameter (mm) 11.72±3.53 13.92±4.06 p<0.001
Spinal canal Area (mm2) 71.95±32.82 90.09±41.62 p<0.001
Lateral recess depth (mm) 1.69±1.32 2.84±0.99 p<0.001
Disc height (mm) 8.78±2.29 10.96±2.12 p<0.001
Foramen diameter(mm) 16.99±3.38 20.07±2.53 p<0.001

Table 3. Spinal canal area pre-operation and post-operation.

n=22 Pre-
operation

Post-
operation p-value

Anterior-posterior diameter 
(mm) 7.48±1.96 9.78±2.41 p<0.001

Lateral diameter (mm) 11.52±3.54 14.81±4.26 p<0.001
Spinal canal Area (mm2) 73.04±34.05 103.31±44.89 p<0.001
Lateral recess depth (mm) 1.75±1.38 3.16±1.04 p<0.001
Disc height (mm) 8.74±2.42 11.21±3.19 p<0.05
Foramen diameter(mm) 17.12±3.07 19.98±2.58 p<0.001
Segmental lordosis 3.29±4.48 8.17±3.27 p<0.001
Lumbar lordosis 26.69±14.66 34.41±12.45 P <0.05

Table 4. Spinal canal area pre-operation and the last examination.
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cases requiring blood transfusion during or after surgery, the 
average hospital stay was 5.88±2.9 days (Table 1). According 
to research of Yingsakmongkol et al. [4], the hospital stays of 
patients undergoing XLIF surgery is shorter than MIS TLIF 
(XLIF: 3.6±0.62 days, MIS TLIF 4.33±0.61 days). There was 1 
segment at L23, 6 segments at L34, 29 segments at L45.

Assessing the VAS score 1 month after surgery, the back VAS 
score decreased from 7.21±1.73 to 3.15±1.70 after surgery 
(P<0.001) (Table 2). The leg VAS decreased from 6.88±2.07 
to 1.18±1.76 1 month after surgery (p<0.001) (Table 2). Rogers 
et al. [5] studied XLIF surgery for 63 patients with grade II 
spondylolisthesis, with an average follow-up period of 12 
months. The results showed that the most common surgical 
level was L4-5 (97%), 84% of patients were female, average 
age was 66. The majority of patients (71%) had undergone 
previous lumbar spine surgery. The average amount of blood 
loss decreased by 1.4g (after surgery compared to before 
surgery), the average hospital stay was 1.2 days. 2 cases 
(3.4%) of complications were: 1 case of intestinal obstruction 
after surgery, 1 case of screw fracture 14 months after a traffic 
accident. There was no nerve damage or infection. VAS score 
improved 75% (8.7 to 2.2), disc height increased 96% (4.6mm 
to 9.0mm), slippage improvement was 11.1mm to 3.6mm. Most 
patients had complete bone union with an improved Lenke score 
of 1.1 after 12 months. 89% of patients described being satisfied 
or very satisfied with the results.

In our research group, 27 segments of surgery underwent MRI 
after surgery to evaluate the size of the spinal canal. In those 
27 segments of surgery, the anterior and posterior diameter 
increased from 7.24±1.91 mm to 8.91±2.58 mm, 124% of pre-
operation , the lateral diameter increased from 11.72±3.53 mm 
to 13.92±4.06 mm, 118% of pre-operation, lateral recess depth 
increased from 1.69±1.32 mm to 2.84±0.99 mm, 168% of pre-
operation, spinal canal area increased from 71.95±32.82 mm2 to 
90.09±41.62 mm2, 125% of pre-operation, disc height increased 
from 8.78±2.29 mm to 10.96±2.12 mm, 125% of pre-operation, 
foraminal height increased from 16.99±3.38 mm to 20.07±2.53 
mm, 118% of pre-operation.

22 segments of surgery underwent MRI at last examination 
from 1 month to 6 months after surgery to evaluate the size of 
the spinal canal. In those 22 segments of surgery, the anterior 
and posterior diameter increased from 7.48±1.96 mm to 
9.78±2.41 mm, 131% of pre-operation , the lateral diameter 
increased from 11.52±3.54 mm to 14.81±4.26 mm, 129% of 
pre-operation, lateral recess depth increased from 1.75±1.38 
mm to 3.16±1.04 mm, 181% of pre-operation, spinal canal area 
increased from 73.04±34.05 mm2 to 103.31±44.89 mm2, 141% 
of pre-operation, disc height increased from 8.74±2.42 mm 
to 11.21±3.19 mm, 129% of pre-operation, foraminal height 
increased from 17.12±3.07 mm to 19.98±2.58 mm, 117% of 
pre-operation (Figures 1 and 2). Segmental lordosis increased 
from 3.29±4.48° to 8.17±3.27°. Lumbar lordosis increased 
from 26.69±14.66° to 34.41±12.45° (Figure 3). In Hiroaki 
Nakashima’s study the thecal sac increased 189% [6]

In the study by Hiyama et al. [7], the mean preoperative disc 
heights in both groups were similar at baseline (5.3 mm and 
7.9 mm for the 2-position group and the 1-position group), with 

Figure 1. Change MRI in spinal diameter before (A) and after surgery 
(B), 1 month after surgery (C), 6 months after surgery (D).
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a significant adjustment immediately after surgery to 10.0 mm 
and 11.3 mm, respectively. There was no significant difference 
in the mean disc heights obtained between the two groups 
(4.6 mm and 3.5 mm for the 2-position group and the 1-position 
group).

To assess indirect decompression, the spinal canal area and 
diameter were measured by MRI. The results showed that 
the spinal canal area increased significantly after surgery 
in both groups (2-position group, from 55.3 to 78.4 mm2; 
1-position group, from 54.7 to 77.2 mm2). The authors found 
a mean increase in spinal canal area (21.9 and 22.6 mm2 for 
the 2-position group and the 1-position group, respectively; 
p = 0.684), which was 42 and 41% higher than preoperative 
values, respectively. The central canal diameter also increased 
from 5.9 mm to 7.9 mm in the 2-position group and from 
5.6 mm to 7.7 mm in the 1-position group. Statistically, there 
was no difference in the rate of improvement in spinal canal 

area and diameter between the two groups. In the authors' study, 
central canal size increased significantly in both groups after 
LLIF, but the change was smaller at 2 weeks after surgery. 
Previous studies of indirect decompression by LLIF have 
demonstrated that the increase in disc and foraminal height 
and the relaxation of ligamentous structures may indirectly 
decompress neural elements. However, the imaging findings 
of indirect decompression of central canal stenosis using LLIF 
are less consistent [8,9]. Oliveira et al demonstrated an increase 
in mean disc height (42%) and central canal diameter (33%) 
at 43 lumbar levels [8], and it was reported that the area of 
the spinal canal gradually expanded over time. Thus, Ohtori 
et al suggested that spinal stabilization may induce changes 
in the ligamentum flavum and restore spinal canal size [10]. 
Furthermore, Elowitz et al also found improvements in clinical 
outcome scores even in patients with only a slight increase in 
spinal canal area after LLIF [11]. In support of these data, a 
recent interesting prospective study reported a steady decrease 
in ligament thickness and disc bulge over time after fixation, 
with the cauda equina visible in the majority of cases 2 years 
after surgery [6]. The need for additional direct decompression 
after LLIF is a recurring theme [12,13].

In the study by Roger et al. [5] disc height increased by 96% 
(4.6 mm to 9.0 mm), with an improvement in slippage of 11.1 
mm to 3.6 mm.

Kepler et al. [14] analyzed 29 patients with 67 XLIF levels 
and found a mean increase in posterior disc height of 70% and a 
mean increase in foraminal height of 35%.

Elowitz et al. [15] reported a study of 25 patients with MRI for 
20 XLIF levels, showing an average increase in anteroposterior 
diameter of 54% and lateral diameter of 48%. In the study of Jun 
Ti et al. [16], the degree of canal stenosis affected the outcome 
after indirect decompression surgery. In the authors' study, 
there were a total of 901 surgical levels from 557 patients. The 
overall rate of postoperative direct decompression was 29.97%. 
The overall direct decompression rate was 75.21% for type D 
central spinal stenosis and 29.74% for type C spinal stenosis. 
Despite a steady decline in the annual direct decompression rate 
over the years, the annual direct decompression rate for type 
D remains very high. Logistic regression analysis showed that 
type D spinal stenosis was the highest risk factor for indirect 
decompression (OR = 17.77). The authors concluded that the 
degree of spinal stenosis grade D is a risk factor for failure of 
indirect decompression.

Low postoperative disc height, especially less than 10 
mm, was found to be associated with failure. This finding is 
consistent with the study by Park et al. [17], which showed 
that subjects requiring direct decompression after LLIF had 
a mean postoperative disc height of 9.4 mm. The degree of 
postoperative disc height had a positive effect on increasing 
the foraminal height and relaxing the ligaments that indirectly 
decompress the nerve.

The degree of disc height reduction, defined as the difference 
in preoperative disc height between the standing and supine 
positions, also affected the surgical outcome. Higher disc height 
achieved in the supine position was associated with successful 
outcomes. This may be explained by the lower stiffness of the 

Figure 2. Change MRI in spinal canal area pre-operation (A) and 1 
month after surgery (B).

Figure 3. X ray after surgery to evaluate segmental lordosis pre-
operation (A) and post-operation (B).
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surgical segment, leading to a larger postoperative disc height 
and a higher indirect decompression effect. Furthermore, if the 
surgical segment is too rigid to be restored, the risk of disc graft 
collapse increases. The authors' results showed that when the 
disc height restored in the supine position was below 13%, the 
risk of failure increased significantly.

In Wicharn Yingsakmongkol's study [4], it was shown that in 
the successful group the disc height increased from 8.08 mm to 
12.195 mm, in the failed patient group the disc height increased 
from 7.47 mm up to 9.39 mm, foraminal height in the success 
group increased from 17.05 mm to 19.7 mm, in the failed group 
increased from 16.58 mm to 18 mm.

Loss of lumbar lordosis after lumbar spinal fusion can lead to 
chronic back pain, sagittal imbalance with forward trunk tilt, 
and adjacent segment degeneration.

In the study by Kepler et al. [18], the mean preoperative 
lumbar lordosis was 4.1° at the surgical level compared with 
7.8° postoperatively (P < 0.01); thus, the mean increase was 
3.7° per level. The mean preoperative lordosis per level was 
1.6° at L1–2, 3.8° at L2–3, 4.8° at L3–4, and 4.3° at L4–5. The 
mean postoperative lordosis was 6° at L1–2, 6.6° at L2–3, 7.9° 
at L3–4, and 10° at L4–5. The increase in lordosis at each level 
was significantly different (p < 0.05). There was no statistically 
significant difference in the amount of lordosis increase 
between levels (p > 0.05 for all differences). Lumbar lordosis 
was greatest when the disc graft was placed in the anterior part 
of the disc space (+7.4° of curvature per level) and less when 
it was placed in the middle part of the disc space (+3.8° of 
curvature per level). When it was placed in the posterior part of 
the disc space, net kyphosis was produced (−1.2° of curvature 
per level); these differences were statistically significant (P = 
0.017). Analysis of disc graft tilt did not show that disc graft tilt 
affected postoperative lordosis, regardless of whether the data 
were analyzed in two groups (tilt <5° and tilt >5°, P > 0.1) or 
three groups (tilt <5°, tilt 5°–10°, and tilt >10°, P > 0.2). The 
height of the disc graft also did not affect postoperative lordosis 
(P > 0.2). Analysis of the rate of postoperative neurological 
symptoms (sensory or motor) showed no difference between 
anterior/mid-disc (rate = 22%) or posterior (rate = 33%, P = 
0.62) placement of the disc graft. The mean preoperative global 
lumbar lordosis was 43.5° compared with 48.4° postoperatively 
(P = 0.14) for an increase of 3° per level.
Limitation.

The study was small in number, and the follow-up period was 
not long.
Conclusion.

XLIF is a minimally invasive spinal surgery that improves 
symptoms well. This is an indirect decompression method, 
comparing pre- and post-operative MRI images has proven the 
effectiveness of the indirect decompression method.
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