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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
59.248.01. 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 6.884+2.07 to 1.18+1.76, ODI from 27.45+8.48 to
14.48+9.05, and JOA score from 7.244+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
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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-HPDDNCYSH-
DHYHN)

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 11.7243.53

Table 1. Demographic data.

Variable Value
Sex
Male 14 (42.4%)
Female 19 (57.6%)
Age (years) 59.2+8.01
Segments of XLIF
1-segment 30 (90.9%)
2-segment 3 (9.1%)
Level distribution (n=21)
L23 1 (2.8%)
L34 6 (16.7%)
L45 29 (80.6%)
Blood loss (ml) 43.03+85.34 (10-500)

120.91+34.76
5.88+2.9

Time surgery (minutes)
Length of hospital stay (days)

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

Table 2. Summary of clinical outcomes.

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

Values are presented as mean= standard deviation or a number (%)
VAS: Visual Analogue Scale; ODI: Oswestry Disability Index; JOA:
Japanese Othopedic Association.
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Table 3. Spinal canal area pre-operation and post-operation.

Pre- Post-
n=27 . . p-value
operation  operation
Anterior-posterior diameter 7245191 8914258  p<0.001

(mm)

Lateral diameter (mm) 11.7243.53 113.92+4.06 p<0.001
71.95+£32.82 90.09+41.62 |p<0.001
1.69+1.32  2.84+0.99  p<0.001
8.7842.29  10.96+2.12 |p<0.001

16.99+£3.38 20.07+2.53 |p<0.001

Spinal canal Area (mm?)
Lateral recess depth (mm)
Disc height (mm)
Foramen diameter(mm)

Table 4. Spinal canal area pre-operation and the last examination.

Pre- Post-
n=22 . . p-value
operation operation
Anterior-posterior diameter 7484196 9784241 p<0.001
(mm)
Lateral diameter (mm) 11.5243.54 14.81+4.26  p<0.001
Spinal canal Area (mm?)  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) 17.1243.07 119.9842.58  p<0.001
Segmental lordosis 3.29+44.48  8.17+£3.27 p<0.001
Lumbar lordosis 26.69+14.66 34.41+12.45 P <0.05

mm to 13.92+4.06 mm, 118% of pre-operation lateral recess
depth increased from 1.69+1.32 mm to 2.844+0.99 mm, 168%
of pre-operation, spinal canal area increased from 71.95+32.82
mm?2 to 90.09+41.62 mm?2, 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 16.994+3.38 mm to
20.0742.53 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 9.7842.41 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
8.1743.27°. 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



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 145.

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 11.7243.53 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 71.954+32.82 mm? to
90.09+41.62 mm?, 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
9.7842.41 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 mm? to 103.31+44.89 mm?, 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 3.2944.48° 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
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Figure 1. Change MRI in spinal diameter before (A) and after surgery
(B), 1 month after surgery (C), 6 months after surgery (D).



A

Figure 2. Change MRI in spinal canal area pre-operation (4) and 1
month after surgery (B).

Figure 3. X ray after surgery to evaluate segmental lordosis pre-
operation (4) and post-operation (B).

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
(4.6mm 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 78.4mm?2;
I-position group, from 54.7 to 77.2mm?2). The authors found
a mean increase in spinal canal area (21.9 and 22.6mm?2 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 5.9mm to 7.9mm in the 2-position group and from
5.6mm to 7.7mm in the l-position group. Statistically, there
was no difference in the rate of improvement in spinal canal
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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



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 L34, and 4.3° at L4-5. The
mean postoperative lordosis was 6° at L1-2, 6.6° at L2-3, 7.9°
at L34, 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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