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Ekstraforaminal Lomber Interbody Fiizyon (ELIF)
Bir Alternatif Cerrahi Strateji

omber interbody fuzyon, sagladigi yap: sertligi

(stiffness) sayesinde ventral kolonun ytk tasima
kabiliyetini arttirarak on kolonun destekledigi icin en
populer ve standart cerrahi fiizyon yontemi olmustur.

Bu etkin yuk iletimi yapisi, kemik fuzyonu sansim
arttirmaktadir. Klinik durumun gereklerine gore, basaril
fizyon elde etmek icin cesitli interbody fiizyon yontem-
leri kullanilmaktadir. Posterior ya da transforaminal lom-
ber interbody fizyon (PLIF ya da TLIF) laminektomi ve/
veya fasetektomi gibi dekompresyonlarla birlikte siklikla
kullanilmaktadir. Posterior yaklasimin istenmeyen sonuc-
lar ise, postoperatif epidural fibrosis ile cerrahi esnasinda
noral distraksiyon ve muskiilo-skeletal diseksiyona bagh
noromuskiiler hasar ile iliskilidir.

Spinal fuzyon amaciyla geleneksel cerrahi acilistan
kaynaklanan hasar1 azaltmak icin spinal hastaligin klinik
durumuna gore pek cok cerrahi yaklasim gelistirilmistir.
Anterior lomber interbody fuzyon (ALIF) 13-4, 14-5
ve L5-S1 seviyelerinde anterior kolon destegi saglamak
icin dekompresyon ve/veya enstrimantasyon icin ek
posterior yaklasimla ya da tek basina bir baska etkin
fiizyon yontemidir. Ancak ALIF uygulamasinda anterior
longitudinal ligamanin ve ventral anulusun diseksiyonu,
ekstansiyonda gerginligin kaybi nedeni ile ek posterior
fiksasyon ya da anterior plaklama veya anterior vida
fiksasyonu gibi ek yontemlerin kullanimini arttirmaktadir.

Minimal invaziv spinal cerrahinin gelismesi ile
minimal invazif TLIE bize unilateral veya bilateral
yaklasimla veya bilateral perkiitanoz vida fiksasyonu ile
dekompresyon ve eszamanl interbody fuzyon ve bilateral
fiksasyon yapma imkani veren ve popularitesi gittikce
artan bir fuzyon prosedurudiir. Direkt lomber interbody
fizyon (DLIF) L4-5 uzerindeki mesafelere, cogunlukla L2-

3, L3-4 disk mesafelerine, bazen de kafes yerlestirilmesi
icin daha fazla ac1 gerektiren L1-2 mesafesine, etkin
sekilde uygulanabilen bir baska minimal invaziv cerrahi
prosedurudiir. Ek olarak posterior fiksasyon DLIF
proseduru icin gereklidir. Anterior yaklasim, posterior
dekompresyon veya deformite duzeltilmesi ile coklu
interbody fuzyon gerektirmeyen segmental instabilitesi
olan hastalarda kullanilabilir. Tum anterior yaklasimlar
tek basina anterior kafesle fiksasyon mumkiin olmasina

ragmen, stklikla tamamlayici posterior fiksasyon gerektirir.

Ote yandan ekstraforaminal yaklasimlar cerrahi ins-
tabiliteyi asgari diizeye indirmek icin ileri siralmuslerdir.
Daha az invaziv bir cerrahi prosediir olan ekstraforaminal
lomber interbody fuizyon (ELIF), posterior dekompresyon
gerektirmeyen vakalarda saglikli yapilarin cerrahi hasara
maruziyetini en aza indiren basarili bir fuzyon teknigi ola-
rak ileri suriilmustir (1). Wang ve ark (2), ekstraforaminal
yaklasimin faydalarindan biri olan, anterior longitudinal
ligamanin yanisira dorsal spinal bilesenlerin de korunma-
sindan soz etmistir. Recoules-Arche (3,4), lomber deje-
neratif omurga hastaligi, disk hernisi ve spondilolistezis
nedenleriyle opere edilmis, spinal fiizyon gerektiren ancak
posterior dekompresyon gerektirmeyen hastalarda iliak
otolog spongiyoz kemik ile doldurulmus metalik olmayan
kafesler ile ekstraforaminal lomber interbody yéntemiyle
cok tatmin edici klinik sonuclar bildirmistir. Diger cerrahi
yaklasim sirasinda siklikla bozulan ya da cikartilan; ozel-
likle anterior longitidinal ligaman, ventral anulus fibrosus
ve posterior longitidinal ligaman da iceren dorsal spinal
ogeler gibi yapilarin bu yaklasimda korunabildigini belirt-
mistir. Bu yaklasim ayrica, ekstraforaminal ve ekstrakana-
likuler yaklasimlarda gozlenen postoperatif fibrozisi on-
lemeye de yardimci olmaktadir. Bu yaklasimin anatomik
uygulanabilirligi intertransvers interbody fiizyon (ILIF)
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ismi ile yayimlanmistir (5). Sonrasinda dort kadavra calis-
masini takiben, otolog iliak kemik greft ve ek translaminer
transfaset fiksasyonu (Magerl yontemi) kullanilarak iki
klinik vakaya uygulanmistir. Anatomik acidan bu yaklasi-
min L5-S1 seviyesine uygulanmasinda belirgin bir zorluk
mevcuttur. Bu yaklasimin 13-4 ve L4-5 seviyelerine uygu-
lanmasinin mumkun oldugu belirtilmistir. Bu yaklasimin
avantaj1 ventral ve dorsal ogelerin korunmasidir; ancak
dezavantajlar ise iki ayr1 kesi gerekmesi ve derin calisma
alaninin goras alanim kisitlamasidir. Lomber spinal fiiz-
yon cerrahisinde cerrahi tedavilerdeki gtincel ilerlemeler
gibi, bu yaklasim da fuizyon icin bazi 6zel klinik durum-
larda retroperitoneal ya da posterior spinal kanal bolge-
lerine miidahil olmamak icin alternatif bir cerrahi teknik
olarak kullamilabilir. Burada ELIF proseduriine ait tim
cerrahi yontem aciklanacak ve yontemin biyomekanik ve
klinik yonleri tartisilacaktir.

CERRAHI TEKNIK

1. Pozisyon: Hasta, Wilson cercevesi ya da Jackson
masasina ytizistii yaurilir. Intervertebral disk araligim
genisletmek icin diz-gogus pozisyonu kullanilaibilir.

2. Deri insizyonlar: orta hattan 3 cm ya da daha uzakta,
iki yanlh olarak yapilir. Ardindan torakolomber ya da
lomber aponevroz delinir. Fasya insizyonu genellik-
le multifidus ve longissimus kas gruplar1 arasindaki

oluktan yapilir. Bu kas ici plan cerrahin, ekstraforami-
nal normal yapilar ortaya cikarmak icin iki kas grubu-
nu ayirirken damarsiz bir yol bulmasin saglar.

1. ELIF yaklasiminda cilt insizyonu

3. Yeni tubuler retraktorle minimal invazif yaklasimin
ortaya cikisiyla, anlatilan kas ici plan daha az hasarla
gecilerek hedefe ulasilabilmektedir.

2. Tiibiiler retraktor kullanarak paramedyan yaklasim

3. Ekartorun yerlestirilisi

e Hedef segmentteki kemik yapi, transvers ¢ikintilar
ve faset dis kismimi ortaya konurken posterior
gerilim bandin olusturan paraspinal kas sistemi ve
ligamanlar korunur.

e Uzak laterali ve ekstrakanalikiiler disk araligini
ortaya koymak icin diseksiyon kaudal vertebranin
transvers cikintisinin st kismindan ve artikuler
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cikintinin lateralinden baslatilir ve intertransvers
kas ve ligaman diseke edilir.

Stperior eklem c¢ikintisinin laterali rezeke edilir,
kaudal lumbar vertebra (L5-S1°de sakral ala) ortaya
konur.

Simirlar1 anterolateralde cikan sinir kokt, medialde
gecen sinir koku ve dura, kaudalde ise kaudal lum-

Interbody fuizyon kafesi fizyon artirict material
(progenitor hiicreler, vb) ve allograftla ya da
otogreft kemikle doldurulur. Ardindan kafes disk
bosluguna 30 derecelik aciyla yerlestirilir.

Vertebral distraksiyon icin gecici vidalar (transvers
cikintiyla stiperior fasetin kesisme noktasindan)
konabilir ve kafes yerlestirildikten sonar ¢ikartila-
bilir. Korunan tim baglar; anterior annulus, tim
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bar vertebranin vertebral u¢ plag: tarafindan cizilen
Kambin t¢geni (6) ortaya konur. Bu ticgen ekstra-
kanalikiiler yaklasimda diske ulasilan giivenli bol-
gedir.

Bu koridor, ¢ikan koki tanimayi ve noral retrak-
siyon yapmaksizin interbody fuzyon icin gerekli
diskektomi ve u¢ plagr hazirligimi yapmay: saglar.

Asagidaki resimlerde calisma acisi gorulmektedir.

anterior ve posterior ligamanlar, ligamentum fla-
vum ve fasetler 360 derecelik gerim bandini koru-
yarak tek basina konan kafeslere yeterli stabilizas-
yon saglar.

Spondilolitik veya istmik spomdilolistesis gibi bariz
instabilite vakalarinda pedikil vida fiksasyonu
eklenebilir.

Ayni islemler kars: taraftan da uygulanur.
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ORNEK OLGU

Mekanik bel agrili ve radikulopatili bir L3-L4 spondilolistezis olgusu. Takibin 5. yilinda yapilmis postoperatif
goruntilemeler anterior ve posterior kas ve bag yapilar zarar gormeden gerceklestirilmis basarili kemik fiizyonununu

gostermektedir.

ELIF UYGULAMASININ BIYOMEKANIK VE
KLINIK YONLERI

Cerrahi travmay1 en aza indirmek adina, fiizyonda
minimal invazif cerrahi teknikler kullanilagelmistir. Bu
uygulamalarin her birinin kendi olumlu ve olumsuz
yanlart vardir. Geleneksel olarak, PLIF etkin posterior
dekompresyon ve fuzyon saglar ancak kacimilmaz olarak
posterior kemik-ligaman yapilara ve paraspinal kaslara
onemli olcuide zarar verir. Noral hasar da onemlibir
endisedir

ALIF ekstansiyondaki sabitleyiciler olan kalin ventral
annulus ve anterior longitudinal ligamani ortadan kaldirir,
ve ayrica damar hasar1 ve retrograd ejekulasyon riski
yaratir.

ELIF fasetler ve paraspinal kas sistemi gibi tim poste-
rior unsurlar1 korur ancak posterior dekompresyonu sinir-
landirir. Bu nedenle, ELIF normal yapilarin cerrahi desta-
bilizasyonundan kacinilirken, posterior dekompresyon da
gerekli olmayan olgularda bir interbody fiizyon yontemi
olarak kullanilir.

Biyomekanik olarak, ALIF ya da PLIFle kiyaslandi-
ginda ELIF uygulamasinin ti¢ avantaji vardir: 1) Bolgesel
uc plak yapisi, 2) Kafes yerlesimindeki farklik, 3) Bolgesel
disk yukseklikleri (7).

Birincisi; ELIF tekniginde kafeslerin, uc plaklarin daha
saglam ve yiik tasimaya daha uygun olan yan taraflarina
yerlestirilmesidir (“boundary effect”). Tkincisi; kafeslerin
aksiyel ya da koronal planda 30 derecelik bir aciyla
capraz olarak yerlestirilmesidir. Bu da ELIF tekniginde
diger tekniklere kiyasla uc¢ plaklarda daha homojen bir
yik dagihmi saglar. Bu iki ozellik, fiuzyon uygulanan
osteoporozlu ya da yash hastalarda cokme riskini azaltir.

ELIF uygulamasi, tim kemik ve ligaman yapilarinin
korunmasi sebebiyle daha fizyolojik bir yuik transferi
saglar. Ventral annulus ve anterior longitudinal ligaman
ekstansiyonda on gerilim bandim saglar ve interbody
kafeslerin lateral yerlestirilmesi dorsolateral vertebral
duvara yakinlhigi sayesinde etkili bir yilk nakli olusturur.
Sonu¢ olarak ELIF uygulamas: fizyolojik olarak daha
olumlu yik dagitim seklidir.



Son olarak, dis intervertebral diskin yuksekligi
ic kisimlarina gore daha dardir ve bu sebeple ELIF
tekniginde 9-11mm yiiksekligindeki kafesler yeterlidir.
Posterior yaklasimda ise siklikla 11-13mm yuksekligind,
nispeten daha buyiik kafesler kullanilir.

Ozet olarak, ELIF prosediirit biyomekanik ve ana-
tomik ozellikleriyle diger interbody fiizyon teknikleriyle
kiyaslandiginda; uc plak tzerinde alisilmamis bir yere,
intervertebral araligin daha dar ve uc plagin daha daya-
nikli oldugu lateral bolgeye ve daha ufak ebatlarda yerles-
tirilebilme gibi farkliliklar gosterir.

SONUC

Spinal interbody fiizyonda ekstraforaminal yaklasim,
veya
gerektiren ancak noral dekompresyona ihtiya¢ duymayan
hastalarda gecerli bir cerrahi secenektir. Bu yaklasim
postoperatif muskiiller agri ve atrofiden kacinmada
etkilidir ve fuzyon sureci gerceklesirken ¢okme riskini
azaltr.

enstrimanl enstrimansiz  interbody fuzyon
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EXTRAFORAMINAL LUMBAR INTERBODY FUSION (ELIF)
AN OPTIONAL SURGICAL STRATEGY

Moon-Jun Sohn, MD, PhD. Neurosurgery, Inje University Ilsan Paik Hospital, Korea

INTRODUCTION

Spinal lumbar interbody fusion is the most popular and
standard surgical method to achieve successful spinal fusion
in terms of the perceived benefits of ventral anterior column
support which increasing ventral column load bearing ability
through the increased construct stiffness. This effective
load transfer construct increases the chance of bony fusion.
Various interbody fusion methods have been used to obtain
the successful fusion depending on the different clinical
situation. Posterior or transforaminal lumbar interbody fusion
(PLIF or TLIF) is often performed for decompression such as
laminectomy and/or facetectomy and also allows subsequent
interbody fusion and fixation. Often, unfavorable outcome of
posterior approach relates with postoperative epidural fibrosis
and neuro-muscular damage caused by musculoskeletal
dissection and neuronal distraction during surgery.

To reduce surgical damage from traditional surgical
opening for spinal fusion, many surgical approaches have
been developed depending upon different clinical settings of
spinal diseases.

Anterior lumbar interbody fusion (ALIF) is another
effective fusion method to achieve anterior column
support at 13-4, 14-5 and L5-S1 levels with or without
supplementary posterior approach for decompression and
/ or instrumentation. However, the resection of the anterior
longitudinal ligament and ventral annulus in ALIF affects loss
of tension band during extension which leads to augment
supplementary posterior fixation or stand-alone anterior
fixation, such as anterior plating or anterior anchoring screw
fixation.

With the advent of minimally invasive spinal surgery,
minimally invasive TLIF is increasingly popular fusion pro-
cedure which enables us to perform decompression and si-
multaneous interbody fusion and fixation bilaterally via either
unilateral or bilateral approaches or bilateral in conjunction
with percutaneous screw fixation. Direct lumbar interbody
fusion (DLIF) for spinal fusion is another MIS procedure can
effectively apply the spinal segment above L4-5 mostly 1.2-3,
13-4 disc levels and possibly L1-2 but required more of an
angle for cage insertion. Additionally posterior fixation is also
required in DLIF procedure.

Anterior approach can be used for the patient with seg-
mental instability without requiring posterior decompression

or multiple interbody fusion with deformity correction. All
anterior approaches often require supplementary posterior
fixation although stand-alone anterior cage with fixation is
available.

In the meantime, extraforaminal approaches were int-
roduced to minimize the surgical destabilization. As a less
invasive surgical procedure, extraforaminal lumbar interbody
fusion (ELIF) has been introduced to achieve successful fusi-
on with minimizing the surgical damage of normal structures
for surgical exposure in the selected cases who don’t need
posterior decompression'. Wang et al* reported on one of the
benefits of the extraforaminal approach, preservation of the
dorsal spinal elements, as well as the anterior longitudinal
ligament. Recoules-Arche’* studied his substantial clinical
experiences of extraforaminal lumbar interbody fusion using
nonmetallic cages filled with the autologous iliac cancellous
bone for patients who had degenerative lumbar spine disease,
discopathic degenerative protrusion, degenerative spondylo-
sis and spondylolisthesis which were mostly required spinal
stabilization and fusion with no need to posterior decomp-
ression. He noted structures that were normally disrupted
orremoved during the surgical approaches could be preserved,
especially the anterior longitudinal ligament, ventral annulus
fibrosis and the dorsal spinal elements, including the posteri-
or longitudinal ligament. This approach also helped prevent
postoperative epidural fibrosis via extraforaminal and extraca-
nalicular approach. The anatomic feasibility of this approach
has been reported which named it theintertransverse lumbar
interbody fusion (ILIF)’. Then the procedure was subsequ-
ently performed to two clinical cases using autologousiliac
bone graft and supplementary translaminar transfacet fixation
(Magerl's procedure) following four cadaver study. There was
a noted difficulty in applying this approach to the L5-S1 level
from an anatomicalprospective. The possibility of performing
thisapproach for the L3-4 and L4-5 levels has been reported.
The advantage of this approach is that the ventraland dorsal
elements can be preserved but the disadvantages are that two
separate incisions are required and adeep operating field limits
exposure. As recent advances in surgical treatments of lumbar
spinal fusion surgery, this approach can be used an optional
surgical technique for fusion in the treatment of some specific
clinical settings not to involve retroperitoneal or posterior
spinal canalicular space.

Herein, the entire surgical method of this ELIF procedu-
re will be introduced and its biomechanical and clinical pers-
pectives are also discussed.
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Surgical procedures (techniques)

Position: A prone knee-chest position or prone position
placed over Wilson’s frame or Jackson table is utilized to
enhance disc space widening for approach.

Skin incision is made over 3 cm or more bilaterally off the
midline and then thoracolumbar or lumbar aponeurosis
is incised.The fascia incision is usually made over the
small groove between multifidus and longissimus muscle
group. This intermuscular plan enable surgeon to find
avascular plan in order to separate two muscle group for
exposing the extraforaminal normal strucutres.

In advent of recent minimally invasive approach with tu-
bular retractor, MIS paraspinal muscle splitting approach
to target can be effectively performed through thisinter-
muscular plan without significant violation of paraspinal
musculature.

Exposing the bony structures, transverse process and
external part of facet at the target segment is dissected
while the paraspinal musculature and osteoligamentous
structures which offers posterior tension band are
spared.

To expose the far lateral, extracanalicular disc space,
dissection of the inter-transverse muscle and dorsal
of the intertransverse ligament is proceeded from the
external articular mass and upper part of transverse
process of caudad vertebra

Resection of the external part of the superior articular
process, caudad vertebra at lumbar vertebrae and sacral
ala at L5-S1 level included

Exposing Kambin triangle®, which is bordered
anterolaterally by the exiting nerve root, medially by
the transverse nerve root and dura, and caudally by the
vertebral endplate of the caudad lumbar vertebral. The
target point is the loci where endoscopic approach is
assessed, which is Kambin’s triangle, safe zone to access

disc, extracanalicular approaches.

This space allows safe surgical landmark to identify upper
exiting nerve root while performing the discectomy and
preparing endplate for interbody fusion without neural
retraction.

Interbody fusion cage is filled with progenitor host cells
and allograft or autograft bone chipsThen the cage is
placed into the disc space on each side in the angle of 30
degree.

Temporary screws for vertebral distraction are applied at
the point of intersecting transverse process and superior
facet while stand-alone interbody fusion cage is inserted.
The spared ligamentous structures provide sufficient
stability maintaining strong 360 degree of tension band
forces served by anterior annulus and ALL anteriorly and
interspinous ligament and ligamentum flavum including
facet joints posteriorly.

11. Pedicle screw fixation can be applied for secure fixation
in the cases of overt instability such as spondylolytic or
isthmic spondylolisthesis.

12. The same procedure is performed on the opposite side.
A CASE ILLUSTRATION

A case of lumbar spondylolisthesis 1.3-4 with mechanical
back pain and radiculopathy.

Preoperative simple radiography showed overt instabi-
lity with kyphotic angulation which was corrected by ELIF
operation. Postoperative radiography and CT scan shows suc-
cessful bony fusion without sacrificing anterior and posterior
musculo-ligamentous structures on 5 years follow-up.

Biomechanical and clinical perspectives of ELIF procedure.
To minimize surgical trauma, minimally invasive surgical
techniques have been used for fusion.Each of minimally
invasive procedure has its own advantages and disadvantages.
Traditionally, PLIF provides effective posterior decompression
and fusion but inevitably sacrifices posterior osteoligamentous
structures and paraspinal muscles which produce epidural
fibrosis and muscular atrophy as well as a risk of neural
injury. ALIF removes the stabilizers on extension which are
thick ventral annulus and anterior longitudinal ligament and
increases risks of vascular injury or retrograde ejaculation.
ELIF preserve all posterior elements, facets &paraspinal
musculature but limits posterior decompression. Therefore
in the selected indication which is not required posterior
decompression, ELIF is effectively used for interbody fusion
while avoiding surgical destabilization of normal structures
and its related complications caused by surgical damage.

Biomechanically’, there are three different anatomical
considerations over ALIF or PLIF when performing ELIF
procedure which are 1) regional endplate modulus, 2)
configuration of cage inserts and 3) regional disc heights.

Firstly, fusion cages are placed onto lateral parts of
endplate on both sides where provides stiffer modulus bearing
effective buttress, which is so called boundary effect. Next,
through the extraforaminal approach cages are inserted
oblique pattern with an angle of 30 degree in the axial plan
or coronal plan. These two features offers lower risk of
subsidence to the patients with elderly or osteoporosis while
complete fusion occurs. The interbody fusion alters the
strain distribution pattern because the compressible nucleus
pulposus is replaced with a stiffer interbody fusion cage. The
biomechanical properties of the interbody fusion segments are
altered in different ways by the different procedures.Eccentric
cageplacement is superior to central placement in conserving
surface strain distribution and is therefore expected to result
in a diminished incidence of subsidence, compared to more
traditional implantation techniques. ELIF produce more
physiological load transfer during load which preserved by
intact bone and ligament structures. Ventral annulus and
anterior longitudinal ligament provides ventral tension band
during extension and lateral placement of interbody fusion
cages offers effective load transfer pathway supported by stiffer



S

Il )

[

PERIFERIK SINIR

N A L
ve
ERRAHISI

modulus of dorsolateral vertebral wall. The biomechanical
differences may result in a lower rate of subsidence and a more
physiologically favorable load distribution in ELIF procedure.

Finally, the height of outer intervertebral disc is narrower
than that of inner parts of intervertebral disc so that smaller
size of cage is determined in the range of 9 to 11 mm in its
height. Through the posterior approach we often use bigger
cages which size is 11 to 13 mm in its height comparatively.
In summary, ELIF procedures differs biomechanical and
anatomical features over others for cage inserts which placing
eccentric location over central endplate region, smaller size

into the narrower height of intervertebral space and onto
stiffer modulus of endplate in lateral portion.

CONCLUSION

Extraforaminal approach for spinal interbody fusion is
a viable surgical option in the selected patients who require
interbody fusion with or without instrumentation but no need
to decompress spinal stenosis. This approach may effectively
spare postoperative muscular atrophy and its related pain as
well as reduce the risk of subsidence while successful bony
fusion occurs.




