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COMPARISON OF THE RESULTS OF COTREL-DUBOUSSET AND
SUBLAMINAR WIRE FIXATION METHODS FOR THE TREATMENT OF
ADOLESCENT IDIOPATHIC SCOLIOSIS:

MINIMUM 5 YEARS FOLLOW-UP

Ulunay KANATLI, Alpaslan SENKOYLU, Aykin SIMSEK, Mehmet Ali DEVECI, Necdet S. ALTUN

SUMMARY:

Objective: Atleast 5 — year follow up results
of adolescent idiopathic scoliosis, those were
treated using Cotrel- Dubousset instrumentation
(CDI) and Luque sublaminar wiring methods we-
re reviewed with retrospective cohort study. Re-
sults of these two cohorts were compared.

Methods: Twenty nine patients contain two
cohorts were included in the study. Fourteen of
patients were treated using CDI and fifteen we-
re treated with Luque sublaminar wiring method.
Mean age at the time of surgery was 15.3 years
in CDI group and 17.7 for sublaminar wire gro-
up. Preoperatively primary curves were measu-
red using Cobb method, revealing a mean of
49.9 degrees for CDI group and 56.4 degrees for
sublaminar wire group. At the end of follow up
period, mean Cobb value was 15.6 for CDI gro-
up and 19.7 for sublaminar group.

Results: Statistical analysis of the results re-
vealed that there is no statistical difference bet-
ween these two methods at follow up (p>0.05).
During follow up period, for two patients in CDI
group pull-out of proximal hook were encounte-
red. In one of these patients revision was perfor-
med.

Discussion: From aspects of correction of
deformity and maintenance of correction, com-
parison of CDI and sublaminar wiring method
showed that there is no difference between the-
se two methods at the end of follow up period.

Key words: Idiopathic scoliosis, sublaminar
wire, hook system.

OZET:

Amag: Minimum 5 yillik takibe sahip, cerra-
hi tedavileri igin Cotrel — Dubousset enstriiman-
tasyonu ve Luque sublaminar telleme sistemi
kullanilan iki grup idiopatik skolyoz hastasinin
sonuglari retrospektif olarak degerlendirildi ve
sonuglari karsilagtirildr.

Metot: Bu ¢calisma 29 idiopatik skolyoz has-
tayi icermekte olup, bu hastalardan 14’t CDI ve
15’i Luque sublaminar telleme ile tedavi edilmig-
ti. CDI ve Luque sublaminar telleme grubunda
siraslyla ortalama yaglar 15.3 ve 17.7, preope-
ratif Cobb acilari 49.9 ve 56.4 derece idi. Son
kontrolde Cobb agilarinin sirasiyla 15.6 ve 19.7
dereceye indigi belirlendi.

Results: ki grup preoperatif, postoperatif ve
son kontroldeki degerler agisindan istatistiki ola-
rak farkli olmadigi belirlendi (p > 0.05). Takipte
CDI uygulanan 2 hastada proksimal hooklarda
¢ikma saptandi ve 1 hasta revizyon cerrahi ge-
rektirdi.

Discussion: Bu sonuglarin igsiginda CDI sis-
temi ile sublaminar tellemenin skolyotik deformi-
tenin dtzeltiimesinde ve korreksiyonun korun-
masinda benzer etkide oldugu saptandi.

Anahtar Kelimeler : Idiopatik skolyoz, subla-
minar telleme ve hook sistemleri.

* Gazi University Faculty of Medicine , Department of Orthopaedics and Traumatology, Ankara.
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INTRODUCTION:

Cotrel-Dubousset instrumentation (CDI) cor-
rects the three-dimensional scoliotic deformity
by using derotational maneuver®. However, so-
me investigations had shown that derotational
force of CDI system is transferred to the neutral
vertebra resulting imbalance and decompressi-
on problems ', Therefore sublaminar wiring
and translation that used by Luque have been
repopularized ©.

In this study, we reviewed retrospectively at
least 5—year follow up results of adolescent idi-
opathic scoliosis; those were treated using Cot-
rel-Dubosset instrumentation and sublaminar wi-
ring with translation method. The results of pre-
operative and last control frontal Cobb’s angles
of these two methods were compared.

METHODS:

Total twenty-nine patients contains two diffe-
rent homogenous cohort were included in the
study. In first cohort, there were fourteen of pa-
tients which treated with CDI system (Texas
Scottish Rite Hospital System "TSRH") (Figure
1). In second cohort, there were fifteen patients
which treated with Luque sublaminar wiring met-
hod (Isola Spinal Instrumantation) (Figure-2).

Mean age at the time of surgery was 15.3 ye-
ars in CDI group and 17.7 for sublaminar wire
group. 12 of the patients in CDI group and 13 of
the patients in sublaminar wiring group were fe-
male. Preoperatively primary curves were me-

asured using Cobb method on coronal plane, re-
vealing a mean of 49.9 degrees for CDI group
and 56.4 degrees for sublaminar wire group. At
the end of follow up period, mean coronal plane
Cobb value was 15.6 degrees for CD group and
19.7 degrees for sublaminar group (Table-1).

Figure 1: Fourteen year old girl with King Type Il curve
preoperative (a) and postoperative (b) radiographs were
shown. The correction was achieved by derotation
maneuver using TSRH system.

The mean of correction between two groups
was analyzed by using student’s t-test. The sta-
tistical analyses were conducted by using SPSS
12.0 software.

Table-1. The mean age, pre and postoperative frontal Cobb angles of the major curve and the mean

follow-up period of both CDI and Sublaminar wiring groups.

GROUPS AGE PREOP POSTOP FOLLOW-UP
(YEARS) (DEGREES) (DEGREES) (YEARS)

CDI 15.3 49.9 15.6 9.43

SUBLAMINAR 17.7 56.4 19.7 8.27




The Journal of Turkish Spinal Surgery

Figure 2: Twelve year old female with a thoracic scoliosis
King type Il preoperative (a) and postoperative (b)
radiographs were shown. The correction was achieved by
Isola sublaminar wire technique.

RESULTS:

There were no statistical difference between
CDI and sublaminar wiring groups for mean age
and the degree of deformity at the beginning of
the study. Correction of coronal plane major cur-
ves for CDI and sublaminar wiring was found to
be 68,7 % and 65,1 % respectively. Statistical
analysis of the deformity correction degree, re-
vealed that there is no statistical difference bet-
ween these two methods at the end of the follow
up period (p>0.05). During follow up period, for
two patients in CDI group pull-out of proximal
hook were encountered. For one of these pati-
ents revision was considered to correct the de-
formity because fusion was not achieved.

DISCUSSION:

The main difference between CDI and subla-
minar wiring is that the correction of the spinal
deformity was achieved by derotation of the rod
for the CDI system and translation of the spinal
column for the sublaminar wiring system ©.

It was proposed that imbalance and decom-
pansation arises because of transmission of de-
rotational effect on healthy vertebral column ©',
The decompansation problems of CDI system
an old alternative method was repopularized by
Asher by translating the spinal column deformity
with Isola system using alternatively hooks or
sublaminar wires "®. Gondo and Asher reported
that the Isola spinal instrumentation system do-
es not cause decompansation problems ©. In
current study we did not observe significant de-
compansation problem when we compare two
groups. We had seen two proximal hook failures
which have also been reported by Richards in
the literature in CDI group ™. In these two cases
curves were not flexible.

In a recent study compares the instrumenta-
tion systems for scoliosis correction, Luk et al,
reported that the amount of correction achievab-
le is largely determined by the inherent charac-
ter of the curve (flexibility) rather than the surgi-
cal technique or instrumentation (TSRH, CD-Ho-
rizon, Moss-Miami and ISOLA) used. This conc-
lusion is the same with our study "".

In this study the percentage of correction is
comparable with the literature ®**”. Benli et al
suggested that satisfactory correction rates have
been obtained in both sagittal and frontal planes
with multifilament, titanium, and double crimp
sublaminar wire augmented third generation
instrumentation systems “. No decompansation
and imbalance have been observed and in the
last examination a totally balanced or balanced
vertebral column has been obtained in all pati-
ents. In a recent study, Cheng et al stated that,
apical sublaminar wire and pedicle screw instru-
mentation both offer similar major curve correc-
tion with similar fusion lengths without neurologi-
cal problems in the operative treatment of idi-
opathic scoliosis ™. Although more expensive,
pedicle screw constructs had significantly less
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blood loss and slightly shorter fusion lengths
than the sublaminar wire constructs.

There is an important issue for using sublami-
nar wiring technique. Titanium wire is not ava-
ilable in the Isola System. This restricts the sur-
geon’s demands. Therefore there is no way to
use titanium implant for special situations in Iso-
la sublaminar wiring system.

From aspects of correction of deformity and
maintenance of correction, comparison of CDI
and sublaminar wiring method showed that the-
re is no significant difference between these two
methods at the end of follow up period. Authors
found that, both instrumentation techniques are
efficient but sublaminar wiring is cheaper than
multihook or pedicle screw systems.
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OMURGANIN NUKS HIDATIK KISTi: OLGU SUNUMU
RECURRENT SPINAL HYDATID CYST: CASE REPORT

Alper KAYA', Berk GUCLU', Handan DOGAN?, i.Teoman BENLF

SUMMARY:

Hydatidosis, caused by Echinococcus granu-
losus, is an endemic parasitic disease in Medi-
terranean countries. The most frequent anato-
mic locations are liver and lung. Hydatidosis is
located in the bones in 0.5 to 2% of all cases;
approximately 50% of these involve the spine.
We present a case diagnosed lumbar vertebral
hydatid cyst disease. 48 years old male living in
a farm with animals, admitted with back pain
symptoms for several months. He underwent in
anterior spine surgery 11 years before for hyda-
tid cyst disease. Plain radiographs and magnetic
resonans imaging studies performed. Anterior
decompression, radical debridment, grafting,
posterior instrumentation and fusion performed.
Microbiologic and pathologic findings were ad-
ressed hydatid cyst of spine. Albendasole medi-
cation given for 4 months. The symptoms reve-
aled, and there were no recurrences in radiog-
raphic studies at 6 months later follow-up. Diffe-
rential diagnosis is important between this rare
spinal lesion and other spinal infections such as
tuberculosis, brucellosis, vertebral osteomyelitis
and spinal tumors.

Key words: Hidatid cyst, anterior radical
debridment, posterior instrumentation.

OZET

Etkeni Ekinokokkus granulosus olan hidati-
doz Akdeniz lilkelerinde gériilen endemik para-
ziter bir hastaliktir. En sik anatomik lokalizas-
yonlar karaciger ve akcigerdir. Hidatidoz tiim ol-
gularin %0.5-2’sine kemik dokusunu, bunlarin
yaklasik %50’sinde de omurgay: tutar. Lomber
omurga hidatik kist hastaligi tanisi konan bir ol-
guyu sunuyoruz. Bir c¢iftlikte cesitli hayvanlaria
birlikte yagayan 48 yasinda bir erkek birkag ay-
dir stiren bel agrisi sikayetleri ile basvurdu. Has-
taya 11 yil 6nce omurga kist hidatik hastaligi ne-
deniyle anterior omurga cerrahisi yapiimis. Di-
rekt radyografiler ve manyetik rezonans gordntu-
leme c¢alismalari yapildi. Anterior dekompres-
yon, radikal debridman, greftleme, posterior
enstriimentasyon ve flizyon uygulandi. Mikrobi-
yolojik ve patolojik bulgular omurganin kist hida-
tik hastaligini gésterdi. Hastalara 4 ay stireyle al-
bendazol verildi. 6 ay sonraki takiplerinde sika-
yetlerin tamamen kayboldugu, gértintiileme ¢a-
hismalarinda niiks olmadigi gorldi. Nadir gorti-
len bu omurga lezyonunun, omurganin ttiberkd-
loz, bruselloz ve osteomyeliti ve omurga timaor-
leri ile ayirici tanisi 6nemlidir,

Anahtar kelimeler: Kist Hidatik, anterior ra-
dical debridman, posterior enstriimentasyon.
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GIiRIiS

Kist hidatik dlinyada cesitli cografi bolgelerde
Onemli morbidite nedeni olabilen bir hastaliktir.
Orta Dogu, Akdeniz, Gliney Amerika, Hindistan
ve Kuzeybati Cin’de 100,000’de 3-50 hastada
gortlebilen, endemik bir hastaliktir®***, Has-
talik en sik karacigere yerlesir. Tim hastalarin %
0.5-2’si kemiktedir®. Bunlarin da yaklasik yarisi
omurgada géraldr.

Hidatik kisti en sik echinococcus granulosus
paraziti tarafindan olugur. Ayrica echinococcus
alveolaris ve nadiren de echinococcus multilocu-
laris tarafindan meydana getirilebilir. Kesin ko-
nak¢l képekler veya diger etobur hayvanlardir.
Kopeklerin digkisiyla atilan parazit yumurtalari-
nin koyun gibi otcul hayvanlar tarafindan yen-
mesiyle bu hayvanlar enfekte olur, ki bunlara ara
konakgi denir. Koyunlarin enfekte etlerinin ko-
pekler tarafindan yenmesiyle skoleksler kdpek
barsadinda erigkin solucanlara dénigur ve para-
zitin yasam déngtisti tamamlanir. Insanlar kopek
diskisiyla bulagsmis su ve sebzeleri yiyerek en-
feksiyonu alirlar.

Olgu sunumu

48 yasinda erkek hasta klinigimize bel agrisi
sikayeti ile bagvurdu. Hasta ciftlikte yasamakta
ve cesitli hayvanlarla ugragsmakta idi. Yaklasik
11 yil 6nce benzer sikayetler nedeniyle omurga-
da lezyon saptanarak anterior cerrahi yapiimig
ve patoloji sonucu hidatik kist olarak bildirilmis.
Uzun yillar sikayeti olmamasina karsin son 2 ay-
dir sikayetleri tekrarlamig. Yapilan fizik muaye-
nesinde sol anterior Flank insizyon skari, sol alt
ekstremitede yaygin agri, diz bacak germe tes-
ti pozitifligi saptandi. Direkt grafide L3 korpusun-
da anteriora uzanim gosteren dlzensiz, icerisin-
de yer yer radyolusen alanlarin oldugu, cevresi
sklerotik lezyon géraldi (Resim-1). Eritrosit sedi-
mentasyon hizi 101 mm/saat, C-reaktif protein

Resim-1a, b: Ameliyat 6ncesi direkt 6n-arka (a) ve yan (b)
grafiler. L3 omurgada diizensiz, anteriora ve posteriora
uzanim goésteren, sklerotik lezyon.

degeri 76,3 mg/L olarak tespit edildi. Bilgisayarli
tomografide L3 korpusunu destrikte eden ante-

riora ve posteriorda kanal icine uzanan abse for-
masyonu gorildi (Resim-2). Manyetik rezonans

Resim-2: Aksiyel kesitte L3 omurga cisminde igi sivi dolu,
omurgay! destrikte etmis ve Kkorteksin butlinlaginu
bozmus lezyonun Bilgisayarli Tomografi gérintiisu.

goérunttlemede ise L3 omurgayi tutan, icinde kist
sivisi dolu lobule alanlari olan ve kanal igine
uzanan kitle izlendi (Resim-3). Karacigerde de
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Resim 3a,b,c: T1 ve T2 agirhkli Manyetik Rezonans
Gorintileme sekanslarinda L3 korpusunu tutan, ici kist
sivisi ile dolu, lobule, omurga cismini destriikte etmis,
anterior longitudinal ligament icinde ilerlemis ve spinal
korda basi yapan kitle.

kist hidatik ile uyumlu solid kitle tespit edildi, an-
cak klinik semptomu olmamasi nedeniyle gast-
roenteroloji ve genel cerrahi bélimlerince cerra-
hi tedavi planlanmadi. Hastaya genel anestezi
altinda 6nce lateral pozisyonda eski insizyon
skari Uzerinden girilerek retroperitoneal olarak
L3 duzeyine ulasildi. Kist hidatik ile uyumlu, igin-

de kist sivisi bulunan kitle saptandi. Eslik eden
granulomatdz gérinumla lezyonlar dikkat cekti.
Abse drenajl, radikal debridman, iliak kanattan
alinan trikortikal otogreftle artrodez yapildi. Ar-
dindan posterior yaklagimla L1-L5 arasina pos-
terior enstrimentasyon uygulandi (Resim-4).

Resim 4a,b: Ameliyat sonrasi 6n-arka (a) ve yan (b)

grafiler. Anteriorda ftrikortikal greft
enstrumentasyon izleniyor.

ve posterior

Alinan 6rnekler patolojik ve mikrobiyolojik incele-
meye gonderildi. Patoloji ve mikrobiyoloji sonug-
lar tamamlanana kadar kist hidatik icin albenda-
zole (2x400 mg po) ve olasi tuberkiloz enfeksi-
yonu icin 2’li antitiberkiloz tedavisi (rifampisin,
izoniazid) baslandi. Incelemelerde tiiberkiloz
enfeksiyonu tespit edilmemesi lizerine antittber-
kuloz tedaviye son verildi. Patolojide kist hidatik
icin tipik olan skoleksler ve eozinofilik kutikil ma-
teryali saptandi (Resim-5). Hasta ameliyat son-
rasi 48. saatte drenleri ¢cekilerek mobilize edildi.
Yara problemleri olmamasi ve genel durumunun
iyi olmasi Uzerine 4. giin taburcu edildi. Ameliyat
sonrasi 1. ayda sedimentasyon ve C-reaktif pro-
tein degerleri tamamen normale dondi. 4 ay al-
bendazol tedavisine devam edildi. 6. ay kontrol-
lerinde hastanin herhangi bir sikayeti ve patolo-
jik klinik muayene bulgusu yoktu.
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Resim 5: Cerrahi materyalin histolojik preperatlari

a; Kemik lamelleri arasinda amorf, eozinofilik kutikdl
materyali izlenmekte (H&E 50x)

b; Kemik lamelleri arasinda kutikll materyali. (H&E 100x)
c; Paravertebral cizgili kas lifleri ve kitikil materyali
yaninda inflamatuar yanit izlenmekte (H&E 100x).

TARTISMA

Ekinokok enfeksiyonunun nadir gérulen bir
formu olmasina kargin omurga hidatidozu 6zel-
likle endemik Ulkelerde, ki Turkiye'de % 3.8,
Tunus’ta % 14’€®* varan oranlarda nérolojik de-
fisite neden olan bir hastalktir. Ekinokok énce-
likle karaciger ve akcigerleri tutar, ancak degisik
organ ve dokularda da kistler meydana gelebilir.
Omurga kist hidatigi ilk kez 1807°de Churrier ta-
rafindan tarif edilmistir®*. 1928'de Dew anato-
mik lokalizasyonuna gére intrameddller, intradu-
ral ekstrameduller, ekstradural intraspinal, ver-
tebra cismi ve paravertebral kist hidatik olmak
Uzere 5 sinifa ayirmistir™®. Braithwaite ve Lees
de radyolojik olarak bu siniflamayi kullanmistir”.
Chakir ve ark. 23 intradural hidatik kisti olan bir
seri yayinlamiglardir™. Omurga hidatidozu % 90
siklikta omurga cismini tutar®. Daha sonra ko-
lon boyunca veya paraspinal yumusak dokulara
yayilabilir. Primer omurga hidatidozu hematojen
yayilimla olugur. Parazitler portal ven6z santlar-
la kan dolagiminin yiksek oldugu omurga cismi-
nin merkezine yerlesirler®. En sik torakal (%
49,82), ikinci siklikta lomber (% 18-39) omurga-
yI tutar®®. Sekonder hastalik paravertebral ve-
ya pulmoner lezyonlardan direkt yayilim ile orta-
ya cikar. Spinal hidatidoz daha ¢ok sekonder goé-
ralar®.

E. granulosus’un larvasi tutulum gosterecegi
organa vardiinda, kapillerlerde éncelikle mono-
nukleer hiicreler ve eozinofillerden olusan infla-
matuar bir reaksiyon olusturur. Bu sirada pek
cok larva harap olurken, bir kismi kistik yapilar
olusturur. Kistler mikroskobik boyuttan baslayip
zaman icinde buyur ve yaklasik 5 yil sonra 10
cm’nin Gizerinde bir boyuta ulasirlar. I¢ tarafta
nikleuslu germinatif tabaka ile dis tarafta opak,
nukleus icermeyen laminalardan olugsan dis ta-
baka vardir. Bu opak tabakaninda diginda kona-
Ja ait fibroblast tabakasi, dev hicreler, mono-
nikleer hiicreler ve eozinofillerden olugan infla-
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matuar reaksiyon izlenir. Zaman icinde yogun
fibréz kapsul olusur. Kistler olustuktan sonra, 6
ay icinde, germinatif tabakanin etkisiyle yavru
kistler gelisir.

Hastalik kemikte divertikll olusumu ve ekso-
jen vezikilasyon olmak Uzere iki sekilde gorulir.
Sestodlar diizensiz, vezikller divertikiller olus-
turur ve baslangictaki vezikillerden ayriimaya
caligirlar. Sert yapisi nedeniyle eksojen kistler
kemik icin tipik. Kist duvarlari icinde erigkin solu-
canlar bulunur®™. Kemik invazyonu ti¢ mekaniz-
mayla gerceklesir: (1) Dévé’e gbre ¢evre yumu-
sak ve sert dokulari kusatan, sikistiran, parcala-
ra ayiran bir "su topu"nun mekanik iglevleriyle
kemigin ve vaskuler sinir dokularinin atrofisine
neden olmasi ve osteit olusumu"®, (2) besleyici
damarlarin obstruksiyonu ile iskemik surecin ke-
mik nekrozu ve sekestr olusturmasi, (3) komp-
resyona ugrayan kemik dokusunun etrafinda os-
teoklast olusumu ve hiicresel yanit. inflamatuar
reaksiyon olmaksizin kemik destriiksiyonu geli-
sir®”.

l¢ organlardakinin tersine kemik dokuda kist
olusumu yoktur. Bu ytzden kemik tutulumu eki-
nokokozis veya kemik hidatidozu olarak adlandi-
rnlr®. Kemik tutulumu ve patolojik kiriga ikincil
olarak kemik ¢evresindeki dokularda parazit olu-
sumu ekstraosseoz invazyonla sonuglanir. Bu-
rada seropurulan eksilida iceren hidatik abse
olusabilir. Omurga lokalizasyonunda bu géru-
niim Pott hastaligina benzerdir®.

Omurga hidatidozunda primer lezyon genel-
likle omurga cismine yerlesir. Ancak baslangicta
posterior elemanlara yerlesim de gorilebilir.
Omurga cisminde, merkez veya lateral yerlesim-
li, oval, birbirini takip eden, birbirinden bir duvar-
la aynlmis, Uzim taneleri seklinde lakunalar
mevcuttur®. Daha ileri evrede, lezyon tim
omurga yapilarina ilerleyerek, kanal, kanali cev-
releyen kemikler, kostalar ve ¢evre yumusak do-
kulari tutabilir. Bir veya birden fazla omurgada

kompresyon gelisebilir. En son spinal disk etkile-
nir. Yumusak dokularda abse meydana gelir.
Lezyonun daha da ilerlemesiyle, omurgada tam
destriiksiyon ve diskin harabiyeti hidatidozun
spondilitle karigsmasina neden olabilir.

Eozinofili, kompleman fiksasyon testinde po-
zitif sonug, Casoni deri testi ve enzime bagimli
‘immunoassay’ ile tani konabilir. PCR ile de et-
ken patojeni saptamak mumkindir'. Ancak,
Ozellikle karaciger digi hidatik kist hastalijinda
bu testlerin duyarlihgi % 25-56'dir®®. Perkitan
aspirasyon, dissemine hastaliga yol agcma ve ay-
ni zamanda anaflaktik reaksiyon olusturma riski
nedeniyle kontrendikedir.

Direkt grafilerde karakteristik "glve yenigi" ve
etrafinda skleroz ve cevre yumusak dokularda
kalsifikasyon goérulebilir. Ancak bu bulgular tani
koydurmaz. Myelografi kistin paravertebral do-
kulara uzanimini géstermde basarisizdir ve kis-
tin yirtilmas: riski tasir®*”. Direkt radyografide
supheli olan vakalarda MRI ile kist adedi ve de-
tayli bilgilere ulasmak mimkindur®”. intraosse-
0z yerlesimli hidatid kist olgulari, klasik uniloku-
ler gelisimlerini gbstermezler. Genellikle multilo-
kuler diizensiz sinirli bir lezyon olarak izlenirler
ve bu nedenle radyografilerde kolaylikla timér
ile kanigtirlabilirler®. MultilokUler geligim, kemik
dokunun gésterdigi diren¢ nedeniyle larvanin di-
sa dogru tomurcuklanmasina neden olur ve ori-
jinal implantasyon alani disinda ¢ok sayida k-
clk kKistlerin olusumuna yol acar. Bu kistlerin
icinde nadiren skoleks bulundugundan, kistler
genellikle sterildir. Ancak kist, cevredeki yumu-
sak dokuya dogru gelisim gosterdiginde, genis
unilokdler lezyonlar izlenebilir®. Operasyon sira-
sinda, karakteristik laminer kist membraninin
gorulmesi ile lezyon taninabilir.

Mikroskobik olarak, tipik bir kist duvari, genel-
likle fibréz laminer kitindz dis membran (kutiku-
la) ve icte germinal tabakadan olusur. Kist duva-
r, granulasyon dokusu veya fibréz bir kapsul ile
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cevrilidir. Ancak kemik igine yerlesim gosteren
multilokdle gérindmla hidatid kist lezyonlarinda,
fibroz enkapstilasyon gelismez®”. Larvalar biy-
dikce kemi@in spongioz tabakasi igine dogru
basing yaparak, ¢ok sayida mikrokistik divertikdil
olusturur. Kemigin etkilenen kisimlarinda atrofi
geligir. Siklikla kemik korteksinde erozyonla bir-
likte spontan kirik gelisimi olur®. Mikrovezikuille-
rin ici saydam bir sivi ile doludur. Bu sivi igerisin-
de, yavru kistler ve skoleksleri barindiran kiz ve-
zikuller yer alir. Skoleksler 20-40 mikron uzunlu-
gunda kanca yapilarina (hooklet) sahiptir.

Epidural ossedz tipte kistlerde, mikrovezikul-
ler kemik igine diffuz dagihm gdstermektedir.
Bunlar, operasyon sirasinda rlpttre olurlar. Bu
durum, rekirrenslere neden olur. Intradural ekst-
rameduller formunda ise reklrrens gelisimi ¢ok
nadirdir.

Omurga kist hidatiginin patognomonik klinik
bulgusu yoktur. Genellikle kompresyona bagli
semptomlar ve bel agrisi ile hastaneye basvuru
s6z konusudur. Ozellikle endemik bélgelerde
hayvanlarla yakin temas olasiligi olan ve sirt-bel
agrisi sikayetleri ile gelen hastalarda hidatik kist
akla getirilmelidir. Kist, kemigi astiginda ve ekst-
radural bosluga gectiginde, siddetli bir agriyla
beraber noérolojik defisit gelisir. Norolojik defisit
gelisimi, olgularin % 25-84’Ginde bildirilmigtir™.

Primer intradural ekstramediller hidatik kist
cok nadir ve genellikle soliterdir®™. Ancak kistin
yirtiimasi ve subaraknoid aralia skolekslerin
gecmesi veya ameliyat ya da lomber ponksiyon
sirasinda dural yirtik olusmasiyla intradural me-
safede kist olusabilir***. Literatlrde intrame-
duller hidatik kist bildirilmigtir®.

Omurga hidatidozu hastaligin serebral for-
munun aksine, daha cok 20-40 yas arasi erigkin
erkeklerde gorulir™. Hastalar, kistin lokalizas-
yonuna gére uzun suredir (birka¢ ay-yil) devam
eden sirt veya radikiler agr yakinmasiyla bas-
vururlar. Alt ekstremitede gulgslzlik, azalmig
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derin tendon refleksleri, parapleji, duyu kaybi,
sfinkter disfonksiyonu ve kauda ekina sendromu
gibi nérolojik bulgular gorilebilir®®*. %20 olgu-
nun travma sonrasi saptandidi bildirilmistir™. Bi-
zim olgumuzda birka¢ aydir stren sirt agrisi,
hastanin daha 6nce ayni sikayetler sonucu edin-
digi tecriibesi nedeniyle klinigimize ¢abuk mura-
caat etmesini saglamistir. llk hastaliginda sika-
yetlerin yaklagik bir yil sirdiginu ve basit agri
kesicilerle agrisini baskilamaya caligarak heki-
me 1 yil sonra goérinebildigini ifade etmistir.

Bilgisayarli tomografi ve manyetik rezonans
goéruntileme ydntemleri tani icin ideal segenek-
lerdir. ince, septasiz duvarlari olan, multilokdler,
dluzensiz kemik lezyonlar hidatik kisti gésteren
bulgulardir®®. Daha ilerlemis olgularda, omurga
cismi, pedikuller ve komsu kostalarda fragmen-
tasyon gorulebilir®. Yumusak doku ve néral tutu-
lum oldugunda, yumusak doku rezolusyonu ve
serebrospinal sivi ve spinal kordu daha iyi go6-
rintllemesi nedeniyle magnetik rezonans bilgi-
sayarli tomografiye Ustindlr. Eslik eden ekst-
raspinal enfeksiyon % 46’ya kadar rapor edildigi
icin, beyin, toraks ve karin ici organlarin incelen-
mesi gereklidir'®'**. Olgumuzda da karaciger
sag lob anteriorunda 4x4 cm boyutlarinda hida-
tik kist tespit edildi.

Omurga hidatidozunda taniyi guglestiren ayi-
rici tanilardir. Bunlarin icinde en énemlisi hidati-
dozu taklit edebilen omurga tiberkilozu-
dur®®®  Ozellikle hem tlberkilozun, hem de
kist hidatigin yaygin oldug@u, Turkiye gibi Glkeler-
de yanlis tani riski yiksektir. Ekinokok icin inter-
vertebral disk tutulumu atipiktir®®. Artmig kemik
reaksiyonu, pedikuller ve posterior arkin ayril-
masl, kosta tutulumu Pott hastalijinda daha sik
gorulir®, Granilomat6z reaksiyon tlberkllozu
isaret eder. Olgumuzda ameliyat sirasindaki
grandlomatdz gérintl hidatidoza tuberkilozun
eslik ettigini distundardi. Ancak patoloji ve mik-
robiyolojik calismalar tlberkilozu destek-




The Journal of Turkish Spinal Surgery

lemediginden antitliberkuloz tedaviye son veril-
di. Ayirici tanida pyojenik enfeksiyonlar, mantar
enfeksiyonu, abse, fibréz displazi, hiper-
paratiroidizm ve araknoidit akla getirilebilecek

29,30)

diger lezyonlardir®®,

Hastaligin kesin tedavisi cerrahi olarak kistin
cikarilmasidir®. Ancak olgularin yaklagik
yarisinda kesin tani ancak cerrahiden sonra
konulabilmektedir®. Belirgin spinal kord, kauda
ekina veya sinir kokul basisi olan hastalarda pos-
terior dekompresyon ve laminektomi yapil-
malidir®. Ancak, kemik tutulumu oldugunda, et-
kilenen omurga cisminin ve c¢evresindeki
yumusak dokularin anterior yaklagimla gikaril-
masl en uygun cerrahi iglem olarak gortlmek-
tedir®*, Radikal kemik rezeksiyonu yayinlan-
mis ancak slrviye etkisi kanitlanmamistir®.
NUksU 6nlemek icin cerrahi alanin hipertonik tuz
solusyonuyla irrige edilmelidir. Formol serebros-
pinal sivi etkilendiginde toksik myelite neden
olabilecegi icin kullanilmamalidir. Cerrahi veya
kemik destriksiyonu nedeniyle stabilite bozul-
dugunda omurga stabilizasyonu yapilimalidir.
Bizim olgumuzda da kistin ¢ikariimasi ve debrid-
man yapilmasi igin anterior yaklasim uygulan-
mIS ve posterior stabilizasyon eklenmigtir.

llk ameliyattan sonra bir yil iginde niiks sikhig
literatlirde % 30-40 arasinda bildirilmigtir®*>*,
Cok sayida nlks gorilen hastalarda malignan
bir gidis dasundlur ki, ortalama sagkalim suresi
5 yildir®*®. Olgumuzda 11 yil sonra tespit edilen
nuks tipik bir durum degildir. Ancak karacigerde
saptanan kist nedeniyle bu kadar uzun sire son-
ra nuks olacagini dustinmekteyiz. Belki de
karacigerdeki kistin ¢ikarilmasi kiratif olabilirdi.
Ancak ilk tedavi yeterli yapiimasina karsin

hidatidoz niks yapabilen bir hastaliktir.

Medikal tedavide mebendazol ve daha giin-
cel olan kullanilan albendazol niks sikligin
azaltmak ve cerrahi tedavi uygulanamayan ve
norolojik elemanlara basi yapan blyuk kistleri
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kiglltmek icin O6neriimektedir*'”. Praziquantel
de albendazolle birlikte kullanildiginda iyi sonug-
lar bildiriimistir™*”. Garcia —Vicuna ve ark. ser-
vikal omurgada soliter hidatidozu olan bir olguya
cerrahi sonrasi aralikli ve uzun sureli albendazol
tedavisi sonrasi 9 yillik nikssuz takip bildirmis-
tir". Olgumuza da ameliyat sonrasi 4 ay alben-
dazol tedavisi verilmistir. Tekrar nukst dnlemek
icin yillik kontrollerle takibi planlanmigtir ve takip-
lerinde medikal tedavi araliklh olarak uy-
gulanabilir.

Sonug olarak, omurganin hidatidozu nérolojik
defisite de yol acabilen, endemik bdlgelerde
Ozellikle tuberkllozla ayirici tanisinin iyi yapil-
mas! gereken bir hastalikiir. Erken tani, lez-
yonun cerrahi olarak c¢ikariimasi ve antihelmin-
tiklerle medikal tedavi ile iyi sonuglar mimkin-
dir ancak yuksek nlks sikligi akildan c¢ikaril-
mamalidir.
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DERLEME / REVIEW ARTICLE

POSTERIOR SPINAL ENSTRUMANTASYONDA FASET FIKSASYONU

Esat KITER*

OZET :

Omurganin metal aparatlar fiksasyonu, spi-
nal fiizyon ve korreksiyonun énemii bir bileseni-
dir. Gdndmldizde kullandigimiz spinal fiksasyon
yoéntemleri, gectigimiz ytzyila ait onlarca bulu-
sun neticesinde gelismis ve son hallerini almig-
lardir. Aslinda omurganin faset vidasi ile fiksas-
yonu, bu tarz uygulamalarin en eskilerinden biri-
sidir ve 1940 yilinda King tarafindan tanimlan-
mistir. Omurgada faset fiksasyonunun digerle-
rinden ayrildigi énemli bir konu hala gtincelligini
korumasi ve poplilaritesinin son on yilda artma-
SI hatta bazi gtincel yayinlarda transpedikdiler vi-
daya bir alternatif olarak gosterilmesidir. Bu ya-
zinin amaci eski ve yeni literattr bilgileri 1siginda
faset fiksasyonunun geligimini ve baslica avan-
tajlarini aktarmaktir.

Anahtar Kelimeler: Spinal fiizyon, faset fik-
sasyonu

SUMMARY :

Facet fixation in posterior spinal instru-
mentation.

The fixation of spinal segments with hardwa-
re is an important part of the spinal fusion and
correction. Current spinal fixation systems are
legacy of the numerous innovations during the
last century. Actually, the facet screw fixation of
the spine is one of the oldest hardware applica-
tions, described in 1940 by King, and it is almost
unique among the historical fixation techniques
since it still keeps the popularity and currency.
This paper is willing to narrate the developments
in the facet fixation and its advantages in the
ligth of related literature.

Key Words: Spinal fusion, facet fixation

* Dog Dr., Pamukkale Universitesi Tip Fakiiltesi, Ortopedi ve Travmayoloji AD, Denizli
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GIRIS :

Faset fiksasyonunun tarihgesi pedinkdl vida-
larina gére oldukga eskidir. Bu fiksasyon yonte-
mi, ilk kez 1940 yilinda King tarafindan faset ek-
lemlerin boylu boyunca gecgen kisa vidalarla (20-
25mm) tespiti olarak tanimlandi®(Sekil-1). Bo-
ucher, fiksasyonun stabilitesini arttirmak ama-
ciyla daha uzun vidalar kullanarak ve vidanin
ucunu pedinkile yénlendirerek bu teknigi modifi-
ye etti®. GUnumUzde siklikla tercih edilen Trans-
Laminar Faset Fiksasyonu (TLFS) ise 1984 yi-
linda Magerl tarafindan tanimlandi”®. Bu yon-
temde, vidanin giris noktasi artrodez uygulana-
cak fasetin karsi tarafinda, spinéz proses ile la-
minanin birlesme boélgesindedir (Sekil-2-3). Bu
noktadan gonderilen vida, lamina icinde seyre-
derek faset ekleme ulasir. Teorik olarak Magerl
ydnteminde vida kemik i¢inde daha uzun yol al-
digi icin fiksasyon daha rijittir. Bouchard yéntemi
ile fiksasyon, nérolojik yaralanma olasihgini art-
tirmasi nedeniyle pek tercih ediimese de, vida
ucunun alaya dayandiriimasi ile L5-S1 faset fik-
sasyonlarinda uygulanabilir. Ozellikle tiim bikor-
tikal ya da trikortikal vida uygulamalarina karsin
vida rijiditesinin sorun oldugu sakrum bdélgesinde
TLFS fiksasyonunun daha avantajli oldugunu

bildiren yazarlar vardir'®",

Faset fiksasyonunun en énemli avantaji, da-
ha az invaziv ve daha pratik bir yéntem olmasi-
dir. Ogrenme periyodu kisadir ve uygulanmasi
icin transvers proseslerin agilmasini gerektir-
mez""*"", Maliyet olarak ucuzdur ve 4.5 luk AO
vidalari ile bu tespit yapilabilir. Ancak son za-
manlarda TLFS uygulamalan igin 6zel kilavuz
aparatlar ile titanyum vidalar daha yaygin olarak
kullaniimaktadir (Discovery spine system De-
puySpine). TLFS uygulamalarinda her ne kadar
intakt bir lamina gerekse de bu olgularda lamina
alti dekompresyon basari ile uygulanabilmekte-
dir®. Ancak yine de major dekompresyon gerek-
tiren olgularda kullanimi miimkiin degildir. Ote
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Sekil 1a ve 1b: Klasik faset vidasi uygulamasinin
AP ve lateral gorintusa.

yandan, Humpke TLFS uygulamalarinda, intakt
bir anterior kolonun etkin bir tansiyon band me-
kanizmasi icin mutlaka gerekli oldugunu ifade et-
mektedir®. Anterior kolonun bitinliginin bo-
zuldug@u olgularda da bu fiksasyon yéntemi uy-
gun bir secenek degildir. Bu nedenle anterior
destegin kayboldugu kirik olgularinda tek basina
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Sekil 2:  Translanminar Faset Vidasinin (TLFS) uy-
gulanmasi. Bu teknikte vidanin giris noktasi artrodez
edilecek fasetin karsi tarafindaki lamina ile spin6z prosesin
birlesme noktasidir

yeterli saglamligi saglayamadigindan kullanimi
sinirhdir.

Literatirde faset fiksasyonu (FF) ile ilgili
komplikasyon oranlarinin azhg dikkat c¢ekici-
dir®"'*"®_pedinkl vidasi (PV) uygulamalari, her
ne kadar spinal fiksasyonda yogun olarak kulla-
nilsa da % 20’ lere ulagan komplikasyon oranla-
rina sahiptirler®**, Yukarida sayilan 6zellikleri
nedeniyle faset fiksasyonu ilk tanimlandigi an-
dan itibaren guncellidini yitirmemis, son zaman-
larda sirkimferensiyal (flzyonun giderek artan
oranda bel agrisi tedavisinde yayginlagsmasi ne-
deniyle daha da populer olmustur.

Ozellikle interbody flizyonun tek basina uy-
gulandigi hastalara iliskin bildirilen flizyon oran-
laninin tutarsiz olmasi, 6zellikle ekstansiyonda
bu tespit ydénteminin biomekanik olarak instabil
olmasi""#* cerrahlari ek bir posterior stabilizas-
yona ve sirkimferensiyal (fizyon kavramina
dogru yonlendirmigtir. Posteriordan yapilan ek
fiksasyonun ekstansiyonu mikemmel bir sekilde
kisitladigi ve daha saglam bir fiksasyon yarattigi
da kadavra deneylerinde gdsterilmistir. Posterior
fiksasyon yontemlerinin kargilastirildigi biyome-
kanik calismalarda, 6zellikle TLFS’nin fiksasyo-
nun rijiditesine oldukg¢a fazla katkisi oldugu, hat-
ta pedinkdl vidalari ile benzer biyomekanik bir

profil sergiledigi ifade edilmistir (4,6,7,16,21,23,26) Sekil 3a ve 3b: Translaminar Faset Vidasinin AP ve lateral
' gorintisu
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Faset fiksasyonunun mekanik ézelliklerini or-
taya koymak icin yapilan ¢alismalari tarihsel sira-
si ile irdelersek; llk yapilan calismalar faset fik-
sasyonunun sadece posterior stabilizasyon igin
kullanildigi modelleri icermektedir. Bu ¢aligmalar,
faset ekleme vida tespiti yapilan omurgalarin in-
takt omurgaya goére 9 kat daha sert oldugu bildi-
rilmektedir”®. Faset fiksasyonu ilk olarak Volk-
man ve arkadaslari tarafindan anterior lomber in-
terbody flzyona (ALIF) kombine edilen posterior
tespitte calisiimigtir. Bu g¢alisma, ALIF’un stabili-
zasyon konusunda en zayif oldugu ekstansiyon-
da, posteriordan yapilan faset fiksasyonunun ins-
tabliteyi cok etkin bir bicimde 6nledigini goster-
mektedir ®®. Rathoyi ve arkadaslar benzer bir ¢a-
lismada, ALIF icin BAK kafesini kullanarak poste-
riordan uygulanan TLFS fiksasyonunun ekstansi-
yonda ve aksiyel rotasyonda stabilizasyonu des-
tekledigini gosterdiler ®®. Bu ¢alismalar ve bu ca-
ismalarla es zamanli yayinlanan klinik ¢calisma-
larin yuz guldurtict sonuglari, faset fiksasyo-
nu’'nun bazi yazarlar tarafindan pedinkul fiksas-
yonuna ciddi bir alternatif olarak kabul edilmesi-
ne yol acti. BOylece biomekanik caligsmalar daha
cok FF ve PV karsilastiriimasi seklinde tasarladi-
lar. Deguchi ve arkadaglar FF ve PV’ni karsilas-
tirdiklan calismalarinda, biomekanik 6zellikleri
acgisindan FF’nun performansinin PV fiksasyonu-
na esdeger oldugunu bildirdiler . Ferrara ve
arkadagslari, Beaubien ve arkadaslari ALIF’a
kombine ettikleri posterior fiksasyonda FF ve
PV’ni karsilagtirdilar ve Deguchi ve arkadaslar
bulgularini destekler sonuglar elde ettiler *°. Bu
konudaki gincel biomekanik calismalarin bir di-
gerinde ise Phillips ve arkadaslari, ALIF’a kom-
bine edilen FF’nunun stabilitesini omurgaya bi-
nen fizyolojik tekrarlayici yikleri simile ederek
calistilar ve faset fiksasyonunun fizyolojik sartlar
altinda saglamligi arttirici etkisini gosterdiler ©.

Klinik sonuglar agisindan degerlendirildigin-
de, faset fiksasyonu ile sadece posterior flizyon
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uygulanan hastalarda basarili sonuglara siklikla
rastlamak mumkindir. Pseudoartroz oranlari %
1.5-9 arasinda degismektedir ®7°'%11122020 By
calismalar, sirkiimferensiyal (fizyonu ve PV ile
FF arasinda bir kiyaslamayi konu almamisg, sa-
dece posterior uygulamalarda FF’nun flzyon el-
de etmedeki bagarisini dékiimante etmiglerdir.
Ancak unutulmamasi gereken bir nokta, poste-
rolateral flizyon olgularinda bu teknik “az inva-
ziv’ Ozelliginden uzaklagsmaktadir. Daha genis
ve derin bir acihm gerektirmektedir. Bu nedenle
az invaziv bir operasyon amaglandiginda orta
hat ve faset flizyonunun tercih edilmesi daha uy-
gun olur. Klinik olarak PV ile FF’nunu kargilasti-
ran Kklinik calismalar oldukga kisithdir. Markwal-
ker ve arkadaslar posterior fiksasyon ve flzyon
uyguladiklar dejeneratif spondilolistezisli hasta-
larda, PV ile FF’nu kiyasladilar. Bu ¢alismanin
sonuclarina gére PV uygulanan hastalarda re-
vizyon operasyonu hicbir vakada gerekmezken,
FF uygulanan olgularin % 13’Unde revizyon ge-
rekmistir. Yazarlar bu sonuglariyla birlikte FF’nu-
nun yeterli saglamhgi saglayamadigini éne sar-
mektedirler "*. Holte ve arkadaslari ise ALIFe
ilave olarak posteriordan Steffee plagi ve TLFS
ile sirkimferensiyal ( fuzyon uyguladiklari olgu-
larin sonuglarini yayinladilar. TLFS ve Steffee
plagi arasinda dogrudan bir karsilastirma yap-
mamakla birlikte tim olgularinda flizyon oranini
% 97 olarak bildirdiler ©. Kiter ve arkadaslari de-
jeneratif disk hastaligi olan ve sirkimferensiyal
(fizyon ile tedavi edilen hastalarda ALIF’a ek
olarak posterior fiksasyon i¢in uygulanan PV ve
TLFS sonuglarini degerlendikleri prospektif ran-
domize klinik calismalarinda, faset fiksasyon
grubunun flizyon oranlarini diistik buldular .

Sonug olarak faset fiksasyonu, sadece poste-
rior orta hat flizyonu amaclandiginda, anterior
kolon defekti ve majoér dekompresyon gerektiren
spinal darlik da yoksa kullanilabilirligi ve etkinligi
ispatlanmig bir tespit yontemidir. Ayrica ALIF’a
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kombine edilen destekleyici posterior fiksasyon-
da daha az invaziv olmasi nedeniyle faset fik-
sasyonu, gercekten de akilci bir alternatif gibi
g6zikmektedir. Ancak literatirde, biomekanik
ve Klinik agidan basgarili posterior flizyon oranla-
rnnin yaninda, sirkimferensiyal (fizyonda bi-
omekanik sonuglari destekleyecek klinik sonug-
lar hentz mevcut degildir ve FF’nun kullanimi
acisindan cerrahlari cesaretlendirecek veriler
yoktur “*'¥_ Biomekanik modellerin, dogalarinda
olan en blylk dezavantajlarinin, her ne kadar
biyolojik sartlar mimkuan oldugunca saglanmaya
caligilsa da “in vivo” ortami yansitmalarindaki
yetersizlik oldugunu hatirlamamizda fayda var-
dir. Bu nedenle sirkimferensiyal (flzyonda
FF’'nun etkinligi, 6zellikle klinik calismalar aci-
sindan daha fazla arastiriimaya agik bir konu-
dur.
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Introduction: Treatment of early onset
scoliosis presents a significant challenge.
Scoliosis can manifest early in life with many
different etiologies. Some curves may show
significant deterioration at an early age ca-
using not only trunk shortening, but significant
respiratory problems which may be life thre-
atening. Treatment for these children has not
been very successful with the methods ava-
ilable. Cast and brace treatment may be inef-
fective, since the immature rib cage often de-
forms before significant correction is transmit-
ted to the spine. Skeletal traction may also be
used occasionally prior to surgical treatment.

Surgical treatment is indicated for progres-
sive curves not responding to non-operative
treatment. Traditional surgery includes poste-
rior spinal arthrodesis, often supplemented by
anterior arthrodesis to prevent crankshaft phe-
nomenon. Circumferential arthrodesis will halt
curve progression but at the same time it pre-
vents future spinal growth. If this type of fusi-
on is done in a very young age, the pulmonary
development can be compromised. Other sur-

gical methods include Hemiepiphysiodesis, Ti-
tanium Rib Prosthesis (VEPTR), posterior gro-
wing rods procedures and anterior non-fusion
procedures such as stapling. The VEPTR pro-
cedure has been used successfully in children
with severe respiratory compromise and fused
ribs where the thoracic cage is stiff due to con-
genital anomalies. In this lecture, we will focus
on the technique and results of posterior gro-
wing rod procedures.

Growing Rod instrumentation without arth-
rodesis is a treatment option aimed at preser-
ving spinal growth, obtaining initial scoliosis
correction and allowing control of the ongoing
deformity. Several studies regarding growing
rod technique have recently been published.
The recent studies show that this technique
promotes continued spinal growth, maintains
deformity correction and has a reasonable ra-
te of complications. Using the basic principles
ofisola instrumentation described by Asher
and the use of dual rods by McCarthy, Akbar-
nia and Marks have developed a dual growing
rod technique that can be used submuscularly

* SRS Bodlgesel Kursu ve Avrupa-Ortadogu Toplantisi kongre 6zetleri, SRS baskani ve Ydénetim Kurulu’nun (Dr. Behrooz Akbarnia-
Dr. Keith Bridwell) izniyle JTSS dergisinde basiimistir. Gerekli iznin alinmasinda katkisi olan Dr. Ahmet Alanay’a tesekkdirti bir borg
biliriz. JTSS Yayin Kurulu.
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or subcutaneously **®. This technique is cur-
rently being used by the author.

Technique: Subperiosteal dissection is
performed only at the upper and lower anchor
sites of the implant. At the upper end of the
curve, hooks or screws are placed in a claw
pattem spanning two to three levels to anow
for adequate space between the hooks in a
young chiid. A similar pedicle screw or hook
pattem is placed at the lower end of the const-
ruct. These upper and lower sites are also cal-
led the "foundations" of the construct. A trans-
verse connector is preloaded at the level of
each foundation especially when hooks are
used. In a recent biomechanic study, Bagheri
et al demonstrated that pedicle screws and
transverse connectors add significant stability
to the construct . Fusion is performed at the
site of the foundations with the use of local bo-
ne or synthetic graft. Each rod is then measu-
red and cut into an upper and lower rod. Con-
toured rods are placed on each side of the spi-
ne and the upper and lower rods are linked by
way of a tandem connector placed at the tho-
racolumbar junction. Bracing is used on all pa-
tients until a solid fusion is achieved.

Results: We have reported on 23 children
with a minimum of 2 years follow-up who had
primary dual rod instrumentation®. Sixteen pa-
tients were still in active treatment at the time
of the report. There were various diagnoses.
All had curve progression over 10 degrees fol-
lowing bracing or casting to qualify for inclusi-
on. The mean age at surgery was 5.4+ 2.6 ye-
ars. There were a total of 189 procedures, 151
being lengthenings. The mean follow-up was
4.7+1.8 years. The mean preoperative scoli-
osis was 82+20 degrees. This improved to
38+15 degrees postoperatively and 36+15
degrees at last follow-up. T1-S1 length incre-
ased from 23.01+4.13 to 28.00+3.73 cm after

the initial surgery longation and to 32.65+4.92
cm at last follow-up. The overall T1-S1 growth
(post-initial to post-final fusion) was 1.21+0.69
cm/year. The complications included 2 deep
wound infections, 4 superficial wound prob-
lems, 2 rod breakages, 3 anchor displace-
ments, one junctional kyphosis and one
crankshaft phenomenon occurring during the
treatment period. Eleven of 23 patients expe-
rienced complications and all complications
were addressed at routine lengthenings or at
additional unplanned surgeries.

The results of single and dual rod was com-
pared in an other study by Thompson; Akbar-
nia et al. This study provided a thorough com-
parison of dual and single growing rod techni-
ques’. Twenty-eight patients were divided into
three groups and followed to final fusion: sing-
le rod with anterior and posterior apical fusion
(5 patients), single rod without apical fusion
(16 patients), and dual rod without apical fusi-
on (7 patients). Patient diagnoses included 10
with idiopathic scoliosis, 8 with neuromuscular
scoliosis, 8 with an underlying syndrome, and
2 with congenital scoliosis. The mean age at
surgery was relatively similar:  Group
1,7.0£2.9 yrs (range, 2.9 to 9.3 yrs), Group 2,
8.7+1.9 yrs (range, 5.9 to 11.6 yrs), and Gro-
up 3, 7.0+3.9 yrs (range, 2.1 to 12 yrs). The
mean number of lengthenings were 3.4+1.8,
2.8+1.3, and 6.1+2.8 per patient groups, res-
pectively.

The mean preoperative scoliosis was
85+23 degrees in Group 1, 61+13 degrees in
Group 2, and 92+21 degrees in Group 3. Fol-
lowing definitive spinal fusion the mean posto-
perative scoliosis was 65+22 degrees, 39+15
degrees, and 26+18 degrees, respectively.
When analyzing the final percent deformity
correction, it was 23+22 % in Group 1,36+23
% in Group 2, and 71+22 % in Group 3. The
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percent of correction in group 3 was signifi-
cantly higher than that of group 2 (p=0.0031)
and group 1 (p=0.0015). When measuring the
total mean spinal growth between the posto-
perative initial to postoperative final radiog-
raphs, the increase in T1 and S1 length was
improved at 0.3+1.02, 1.04+.09, and 1.7+ .58
cm/yr. Thus, the total T1 to S1 spinal growth
was 6.4+1.4 cmin Group 1,7.6+4.7 cm in Gro-
up 2, and 12.1+1.9 cm in Group 3. This was
statistically significant. Four patients (80 %) in
Group 1 sustained 8 complications: 3 rod bre-
akages and 5 hook displacements. Three pa-
tients (19 %) in Group 2 sustained 5 complica-
tions: 3 rod breakages, one each hook displa-
cement and superficial wound infection. Two
patients (29 %) in Group 3 sustained two
complications: one broken rod and one super-
ficial infection.

While the authors determined that either
single or dual rod technique was effective at
controlling curve correction and allowing spi-
nal growth, thedual rod system not only impro-
ved the curves but maintained initial correction
better and facilitated increased spinal growth.
In the series, short apical fusion was associ-
ated with curve stiffening, crankshaft pheno-
menon, and a higher incidence of complicati-
ons. As a result, the authors question the ef-
fect of combining apical fusion with the gro-
wing rod techniques in treating patients with
early onset scoliosis.

At the 2005 Annual Scoliosis Research So-
ciety, Akbarnia et all retrospectively examined
15 patients treated primarily with Dual Gro-
wing Rod technique and followed to final fusi-
on. The average age at initial surgery was
7.0+£2.9 years and the patients were followed
for 5.4+2.5 years. There was an average of
5.3+2.5 lengthenings per patient occurring at
an interval of 8.9+4.4 months. Pre-operative
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scoliosis decreased from 81+22 degrees to 39+
17 degrees post-operatively and was 32.5+21
degrees following definitive fusion. T1-S1
length increased from 24.46+3.42 centimeters
pre-operatively to 29.22+3.61 post-operatively
and vas 34.41+3.97 centimeters following final
fusion. The non-congenital group was subdivi-
ded into two groups, those lengthened at < 6
month intervals (range, 5.5 to 6.7 months) and
those lengthened at > 6 month intervals (range,
9 to 20 months), for comparison. The group
lengthened more frequently achieved greater
scoliosis correction (78 % versus 48 %) and a
greater T1-S1 growth rate (1.8 cm/yr versus 1.0
cm/yr) over the treatment period. The differen-
ces in deformity correction and spinal growth
between the two groups were significant at
p=0.007 and p=0.02, respectively.

In the most recent study by the Growing
Spine Study group to be presented at this me-
eting, Akbarnia et al.® reviewed the complica-
tions seen thus far with the dual growing rod
treatment program. Twenty-nine of 48 patients
reviewed developed 55 complications.
Twenty-seven implant, 14 wound, 5 general
and 9 alignment-related complications occur-
red. Eighteen complications resulted in 23
unplanned procedures while 37 complications
were able to be addressed during planned
procedures. Diagnosis was insignificant ex-
cept for Infantile ldiopathic Scoliosis (lIS),
where 8 of 9 total patients had implant-related
complications. In general, the implant compli-
cation group had 5 of 27 complications requ-
iring unplanned surgeries; most implant prob-
lems were addressed during planned surgeri-
es. Six deep infections occurred. Additionally,
2 of 3 wound problems evolved into deep in-
fections and 2 of 4 superfieial infections beca-
me deep. At initial surgery, younger patients
had higher complication rates and more comp-




Turk Omurga Cerrahisi Dergisi

lications occurred with longer treatment peri-
ods. Patients whose lengthening intervals we-
re <7 mos had fewer implant complications but
more wound complications. Patients whose in-
tervals were >7 mos had more implant comp-
lications but fewer wound complications. Wo-
und problems should be addressed aggressi-
vely to prevent deep wound infections. The
authors felt that this technique has a high but
manageable complication rate.

Discussion: Posterior dual growing rod
techniqgue has the advantage of correcting
scoliosis, maintaining correction and at the sa-
me time allowing continued spinal growth. It
has the ability to increase the space available
for lung in non-congenital scoliosis without the
need for a thoracotomy.

Single growing rod technique has been as-
sociated with high rate of implant related
complications and variable outcomes. Dual
growing rods have been shown to be more ef-
fective than single rods in achieving and main-
taining adequate correction of the scoliosis
and allowing continued growth of the spine.
There has been less implant failure and
crankshaft compare to single rod method but
as with many other non fusion techniques, the
dua | growing rod is a complex technique ans
stili has a high rate of complications. This
technique should be performed in appropri-
ately selected patients by those surgeons who
have experience with the procedure and the
possible complications.
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NOVEL BIOLOGIC TREATMENT OF DEGENERATIVE DISC DISEASE

Jeffrey C. WANG

Disc Degeneration

Pathogenesis

Different stages of disc degeneration
Annular fissures

Loss of proteoglycans and water content of
disc

MRI signal changes
Changes in disc biology
Loss of cells

Loss of extracellular matrix
Acidic environment

No blood supply
Immunoprotected area

Although it is a difficult environment, gene
therapy may be best option

Intervention

Are we able to intervene biologically when
biomechanics are altered

Is biological intervention only appropriate
for early stage disease

Do we regenerate the nucleus pulposus,
annulus, and/or cartilaginous enplates

Difficult task
Strategies
Growth factors
Cellular therapies
Gene therapy
Scaffolds

Combinations/tissue engineering
Growth factors

Identify growth factors that will stimulate
disc cell growth and matrix

Identify the growth factors that are present
in disc recovery

Growth factor delivery

Promising factors: bmp-2,bmp-7,bmp-14,
TIMP

Animal models of disc regeneration
Human studies of disc regeneration
Cellular therapies

Disc cells

Stem cells

Matrix and environmental changes to sup-
port disc cell growth

Stern cells from different areas: bone mar-
row, adipose tissue

Cell delivery
Gene Therapy

Sustained release of factors via gene the-
rapy

Ability to infect disc cells in vivo
Animal studies of efficacy

Different genes tested

Different models of disc degeneration

Intervening in degenerative cascade with
different genes
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Efficacy of gene therapy
Scaffolds

Ability to resist biomechanical altered stres-
ses

Matrix for cellular growth
Delivery of scaffolds
Biological scaffolds
Mechanical scaffolds
Combinations

Most likely will need combinations of all fac-
tors

Cells

Gene therapy for delivery of appropriate
mix of growth factors

Intervening early in cascade of degenerati-
on
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STEM CELLS/DISC REGENERATION TECHNIQUES - OUTLINE

Jeffrey C. WANG

Intervertebral disc environment is stringent
area

No blood supply to adult disc

Diffusion for nutrition is required, no direct
delivery via blood supply

Immunoprotected area where body may
not counteract introduced genes/proteins

Introduction of cells may allow for revival
and synthesis of disc matrix

Degeneration of the disc is poorly unders-
tood.

Environment is altered from it's normal sta-
te

Discuss alterations - the pH changes, mec-
hanical stresses, fissures can appear

Proteoglycan synthesis is altered.

Breakdown of disc elements and stmctu-
re/proteins is increased

Regeneration will require synthesis and
maintenance of stmcture components.

Biomechanics - altered, must counteract.
Unsure if this can be corrected

May require substrate or scaffold with bi-
omechanical properties of normal disc

Nutrition to the disc must be increased

Scaffold may be mechanical or biological or
some combination

Stem cells may allow us to rejuvenate the
disc and substrate

Theoretically would require us to regenera-
te annulus, nucleus, and enplates

Replace cells of the disc to allow for
synthesis

Synthesize elements of di sc and maintain
this over long period of time

Synthesize growth factors to act on cells

Synthesize different cells - annulus/nucle-
us/cartilaginous endplates

Cell - biomechanical counteracting forces
and poor nutrition addressed

Keep it alive, otherwise, cells will die
Stem cells
Source - many sources of stem cells

Bone marrow, adipose tissue, cell lines,
embryonic sources

Direct to certain cell - disc cell

This requires several factors to differentiate
into the different cell types

Environment may direct cells to differenti-
ate

Growth factors will also differentiate and
stimulate growth

Need to direct cells to specific desired cell
types

Cell work

Meisel et al.

Inject cells, cultured -lead to increase T2
signal

Perhaps environment is bad, culture allows
to grow
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But if environment is bad, will it sustain?
Perhaps need factors to produce
Growth factors to maintain cell growth

Interplay - this is a complex interaction of
several factors in the triad of regeneration

Cells - required for sustained growth

Scaffold - required to support cells and to
provide biomechanical support

Factors - growth factors or differentiation
factors

Unknown components yet to be discovered
new triad, quadrad, or pentad may be neces-
sary to fully regenerate disc what we can do
direct cells - to different desired types environ-
ment-provide appropriate environment for
growth growth factors - deliver appropriate
growth factors gene therapy - may be only
strategy to allow for sustained changes make
new components new cells to react to compo-
nent provide better environment for perma-
nent change.
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INSTRUCTIONAL COURSE LECTURE

ADVANCES IN THE TREATMENT OF THORACOLUMBAR INJURIES

Panagiotis KOROVESSIS

Chief Orthopaedic Department General Hospital "Agios Andreas" 26224 Patras, GREECE

General characteristics

Thoracolumbar injuries are the most com-
mon spinal injuries (90 % of all spinal fractu-
res). The vast majority do not involve any ne-
urologic deficit. There are various opinions re-
garding the ideal management, especially in
patients without an associated neurological
deficit. Researchers have advocated both an
operative and a nonoperative approach.

Open reduction, arthrodesis, and internal fi-
xation offers immediate stability, correction of
deformity and spinal alignment, early walking,
reduced reliance on orthotic containment, and
the theoretical protection against spinal mala-
lignment or neurological injury. Nonoperative
care, in the form of either a body east or a bra-
ce, offers avoidance of a surgical intervention
with its attendant morbidity."?

There is a lack of evidence-based guideli-
nes for the treatment of traumatic fractures.
Even basic questions, whether to treat acute
vertebral fractures surgically at all, have not
yet been answered for the total spectrum of
traumatic lesions. A large number of publicati-
ons, and discussions among the authors have
not led to a general consensus on the optimal
treatment.®®

The treatment starts with classification of
the injury. Both the Denis and the AO system
for the classification of spine fractures had

only moderate reliability and repeatability.’

Load sharing classification system is useful
particularly for decision making regarding an-
terior vs. posterior approach. The ASIA motor
and sensory examination has been shown to
have high interrater reliability when used by
trained examiners and should be viewed as
the state of the art for the neurological assess-
ment of the patient who has a spinal cord in-
jury.®

Nonsurgical treatment option

Nonsurgical treatment is indicated in all
compression fractures (A1, A2) and most
burst fractures (A3) without neurologic deficit.
Closed reduction of burst fractures with intact
PLC may be possible under effective anesthe-
sia, but it may not be possible to prevent the
loss of correction by the stabilization effect of
PLC alone. Other parameters, such as commi-
nution of the endplate and vertebral body, may
also be taken into account if the aim is to ac-
hieve and maintain satisfactory correction. Pa-
tient satisfaction seems to be high despite re-
sidual deformity. The patient with complete
neurologic injury may be not a good canditate
for operative treatment & can be better treated
nonoperatively.”®

Patient is mobilized as tolerated (one level
injury). Nondisplaced posterior elements frac-
tures and many compression fractures can be
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mobilized without an orthosis. Bony chance
fractures can be treated with a hyperextension
east. Anticoagulation is not used for the first
72 hours after injury to avoid the risk of epidu-
ral hematoma.

It is difficult to justify decompression if the
patient is neurologically intact. However, inc-
reased DEFORMITY on upright position and
PAIN or worsened neurologic signs indicate
failure of orthotic management and warrant
change of treatment plan.’

|10

Chow et al” showed that nonoperative ma-
nagement of thoracolumbar burst fractures
with hyperextension casting for 6-12 weeks
followed by an additional 6-12 weeks of bra-
cing was proven to be a safe and effective
method of treatment in selected patients. Cli-
nical results were favorable; no neurologic de-
terioration was observed; hospitalization times
were minimized, and patient satisfaction was
high. Chow et al”® do not believe that ligamen-
tous injury of the posterior column is a contra-
indication to nonoperative management of
thoracolumbar burst fractures.

Wood et al’ in a prospective, randomized
study comparing operative vs. nonoperative
treatment of a thoracolumbar burst fracture
without neurological deficit found that operati-
ve treatment of patients with a stable thoraco-
lumbar burst fracture and normal neurologic
findings provided no major long-term advanta-
ge compared with nonoperative treatment.

Nonsurgical treatment is not appropriate if
there is complete dislocation, significant sofi
tissue disruption, documented neurologic de-
terioration, increased pain or deformity and for
patients with neurologic lesion and insensitive
skin.

Pharmacologic treatment in spinal cord
injury.

Methylprednisolone is the only drug in wi-
despread clinical use.

A new drug, HP 184, which blocks both
Na+ and K + channels, has been tested and it
was found to be safe and well tolerated. Early
data have suggested that this drug may impro-
ve ASIA motor scores following an injury. The-
se studies have paved the way for wider hu-
man clinical trials.®

The healing of a spinal cord lesion may be
promoted by activated macrophages. One
study evaluated human monocytes that were
stimulated by co-incubation with skin tissue.
These cells were found to secrete proinflam-
matory cytokines, adhesion molecules, and
high levels of CD80 and CD86, all of which are
potentially beneficial to the injured spinal cord.
When injected at the site of injury in ASIA-A
patients within fourteen days after the injury,
some patients demonstrated improvement in
motor and sensory function.®

Surgical Treatment of Traumatic Thora-
columbar Injuries.

Surgeon must decide:
1. Is an operation required?

2. Is a decompression warranted in additi-
on to stabilization?

3. Can the surgical task be optimally ac-
complished via an anterior, posterior, or com-
bined approach?

4. Controversy exists regarding timing of
surgery. Spinal canal decompression that is
done immediately afier injury would provide a
better neurologic recovery in animals. Surgical
intervention should be performed as soon as
the patient is ready and able to tolerate the
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surgery safely. In humans, immediate surgery
is associated with greater hemorrhage! The
only proven advantage of surgical intervention
is decreased hospital stay."

Urgent spinal stabilization (within 24 hours)
is safe and appropriate in polytrauma patients
when progressive neurologic deficit, thoraco-
abdominal trauma, or fracture instability incre-
ase the risks of delayed treatment according
to McLain R, et al .

To make management decisions on any cli-
nical problem, clinicians rely on evidence-ba-
sed standards, their personal experience, &
the experience of their mentors. Important
characteristics of thoracolumbar injuries in
surgical decision making are Injury morpho-
logy, Neurologic status and the Integrity of the
posterior ligaments."

Most of studies on surgical treatments for
thoracolumbar injuries fail to adequately dis-
cuss or provide evidence attesting to the rela-
tive merits of each method. This lack of evi-
dence-based standards has led to varied prac-
tice patterns based on individual surgeon pre-
ferences.™

General Considerations

Surgery should be performed if biomecha-
nical instability and/or a neurologic deficit is
imminent or already present.

DRAWBACKS:
* need for multiple segment fixation,

* inability to 3-dimensional deformity cor-
rection,

e frequent hook-dislodgement,

¢ biomechanically disadvantageous posteri-
or fixation points often leading to a recurrent
kyphosis.
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The practice of ROD LONG, FUSE SHORT
to prevent fusion of multiple healthy segments,
is not recommended (facet degeneration, se-
cond operation).

Injury Morphology

Mechanism of injury (axial compression,
translation/rotation, or distraction), seems to
be an independent variable in influencing sur-
gical decision making. The translation and
distraction morphologies specifically and inde-
pendently dictate surgical approach.™

The distraction morphology is seen in flexi-
on distraction injuries (as in a Chance fractu-
re) or distraction-extension injuries (ankylo-
sing spondylitis). Independently of neurologic
status or integrity of the posterior ligaments,
distraction and translation injuries are mana-
ged optimally with an initial posterior approach
for realignment and stabilization, followed, if
necessary, by an anterior decompression
and/or stabilization.

Integrity of Posterior Ligamentous
Complex

Disrupted posterior ligaments can be seen
as a facet perch/dislocation, interspinous wi-
dening, or MRI evidence of ligament disconti-
nuity. Integrity of the posterior ligamentous
complex was universally felt to be of much
more clinical significance than, and indepen-
dent of, the integrity of the posterior bony ele-
ments. Hence, posterior bony disruption (such
as in abone-only Chance fracture) is conside-
red indirectly with neurologic injury as the pri-
ority.'™"

Decompression

Injuries involving the thoracic or lumbar spi-
ne in patients with an incomplete or indetermi-

nate neurologic status should generally be tre-
ated more aggressively with a decompression
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procedure to maximize the full potential for reco-
very. There is though a controversy regarding
the relation between the presenting neurological
status and the spinal canal narrowing. A recent
study by Bridwell K, et al’° has documented a
strong correlation between the severity of a spi-
nal cord injury and the degree of spinal canal
compromise and spinal cord compression. Early
surgical stabilization of the spine following a spi-
nal cord injury has been shown in this study to
reduce medical complications and to enhance
early rehabilitation, but the effects on neurologic
recovery remain controversial.®'*

Because the majority of thoracolumbar
fractures present with anterior neural comp-
ression, decompression is usually best ac-
complished via an anterior approach. It allows
complete decompression under direct vision
but it is technically demanding and is associ-
ated with higher morbidity. It should be noted
that fragment removal via anterior approach,
does not seem to produce superior results as
compared to indirect surgical reduction alone.

However, in certain circumstances, a pos-
terior approach for decompression may be in-
dicated.

Direct posterior decompression is pos-
sible via the transpedicular or the lateral extra-
cavitary approaches. Although these techni-
ques can result in an adequate anterior de-
compression, they are technically demanding
and not considered routine. Some of the indi-
cations for direct posterior decompression inc-
lude comminuted posterior elements with
symptomatic posterior neural compression, a
posterior epidural hematoma requiring evacu-
ation, the repair of dural tears associated with
a burst and lamina fractures, or the presence
of a contraindication for an anterior decomp-
ression.”"*

The anterior spinal canal can also be de-
compressed posteriorly indirectly via ligamen-
totaxis with pedicle screw instrumentation.
Posterior indirect decompression uses the li-
gamentotaxis effect by applying tension to the
posterior longitudinal ligament to restore ver-
tebral body height and reduce displaced ante-
rior fracture fragments.

Ligamentotaxis is not always successful
and produces incomplete decompression of
spinal canal, although there is poor relations-
hip between the decompression achieved and
the neurologic recovery ensured. It seems that
Neurologic damage occurs at the moment of
injury and little correlation exists between deg-
ree of canal narrowing and the neurologic in-
jury sustained.

Posterior decompression and stabilization
is the least expensive procedure when taking
into account hospital and physician char-
ges 14,16,17,24,25

Debate continues over the indications for
decompression in patients with a complete ne-
urologic injury (ASIA-A). Surgical goals in this
patient population are somewhat different be-
cause meaningful neurologic improvement is
generally not expected. Unlike the cervical spi-
ne where surgery may facilitate local recovery
in the zone of injury, this issue is not relevant
to the thoracic spine. However, there is emer-
ging evidence that decompression in comple-
te paraplegic patients may reduce late comp-
lications such as posttraumatic syrinx and
chronic pain.**?*

Anterior Approach:

It allows the surgeon to directly decomp-
ress the spinal canal, restore anterior column
stability, and reestablish the normal sagittal
contour of the injured spine. It is indicated in
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complete neurologic injury with intact posterior
ligaments and incomplete neurologic injury
with intact posterior ligaments.

An anterior approach allows for restoration
of spinal alignment via the placement of ante-
rior structural support in form of allo/autograft
or prefabricated prosthetic replacements. A
stand-alone anterior approach minimizes the
number of motion segments requiring fusion to
one above and one below the fractured ver-
tebrae. It also avoids further iatrogenic trauma
to the posterior paraspinal musculature and is
associated with lower rates of wound and inst-
rumentation-related complications.?*'

Biomechanical testing has shown that in a
burst fracture model with intact posterior liga-
ments, modern anterior plating with transver-
tebral screws one level above and one below
a corpectomy model can restore significant
stability when compared with the uninjured
spine.*

Gurr et al, in a calf spine model, compared
the mechanical stiffness of an anterior Kaneda
device spanning three levels with a traditional
posterior pedicle screw system covering five
levels and found them to be nearly identical.

Haher et al*® have further shown in a cada-
ver study that a burst fracture shifts the instan-
taneous axis of rotation posteriorly from its
normal position within the posterior half of the
disc space. When using anterior spinal instru-
mentation, the instantaneous axis of rotation is
restored closer to its normal position, nearer to
the center of gravity.*

Clinical reports regarding anterior approach
are relatively few. Ghanayem and Zdeblick®
reported on a smail series of 12 patients tre-
ated with anterior instrumentation for thoraco-
lumbar burst fractures, with 11 of the 12 obta-
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ining a good or excellent functional outcome
and a solid arthrodesis. Kirkpatrick® reported
a series of 20 individuals treated with the Ka-
neda device, with a solid fusion obtained in 95
% of cases.

Keith H. Bridwell et al.’ studied patients
with thoracolumbar burst fractures without an
associated neurological deficit, treated via an
anterior vs. posterior approach. Comparison
of the outcomes showed that, although both
anterior and posterior approaches yielded ac-
ceptable rates of patient satisfaction and re-
turn to work, anterior surgery alone had a lo-
wer rate of complications and trended toward
outcomes with less pain.

Asimilar prospective, randomized compa-
rative study of Anterior Versus Posterior Treat-
ment of Stable Thoracolumbar Burst Fractures
without Neurologic Deficit showed also that,
although patient outcomes are similar, anteri-
or fusion and instrumentation for thoracolum-
bar burst fractures may present fewer compli-
cations or additional surgeries.”

Anterior Approach- contraindications

Lower lumbar (L3-L5) spine: the anterior
approach is technically more difficult because
of the major vessels and instrumentation is not
feasible. Therefore, many surgeons approach
fractures in this region using a posterolateral
decompression and posterior stabilization. Al-
ternatively, decompression is achieved anteri-
orly followed by posterior instrumentation.

In the lumbar spine, the absence of the spi-
nal cord and the greater cross-sectional area
of the spinal canal make a posterior approach
more feasible with less danger to the neural
elements as comparerly with the thoracic spi-
ne or thoracolumbar junction.
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Relative contraindications for an anterior
approach include severe pulmonary disease,
severe chest or abdominal injuries, and mor-
bid obesity or prior abdominal surgery where
anterior exposure can be difficult. ***

Posterior Approach

It has the advantage of being familiar to the
spine surgeon, avoiding vital visceral/vascu-
lar/pulmonary structures, and allowing safe
surgical re-exploration.®

The indications for a posterior approach
are:

a. distraction or translation morphology wit-
hout neural compression or when neural
compression is relieved by reduction,

b. isolated nerve root deficit with intact pos-
terior ligaments, intact neurologic status and
disrupted posterior ligaments,

c. complete neurologic injury and intact
posterior ligaments, and complete neurologic
injury and disrupted posterior ligaments

Posterior Approach-exceptions

Situations when anterior vertebral body
support is lost through significant comminuti-
on. In this setting, circumferential fusion may
be necessary as a stand-alone posterior app-
roach may result in late kyphosis and failure of
instrumentation.

Combined Anterior and Posterior App-
roach (360°)

The anterior approach by itself, it may not
resist further destructive flexion forces when
the posterior ligaments have been rendered
incompetent and thus an additional posterior
approach for the purpose of reconstructing the
tension band is important.
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Indications for combined approach are
incomplete neurologic injury and disrupted
posterior ligaments, distraction or translation
injuries where a secondary anterior decomp-
ression or stabilization is required after pri-
mary posterior stabilization, significant oste-
oporosis requiring internal fixation anteriorly
and posteriorly and low lumbar or high thora-
cic injury where anterior instrumentation is not
safe owing to anatomic constraints.*

Selection of approach and instrumenta-
tion for thoracolumbar spine fractures:
Historical evolution of instrumentation

The shift from the Harrington toward the
transpedicular screw systems was not only
because of complications related to the use of
the Harrington system, but also because of ar-
ticular cartilage degeneration and spontane-
ous facet joint fusion in the immobilized seg-
ment, which occurred even after the Harring-
ton rods were removed.”

Short-segment instrumentation and fu-
sion for thoracolumbar spine fractures

The development of pedicle screw-based
posterior spinal instrumentation systems and
successful anterior spinal implants has brought
short-segment instrumentation (attachment of
one normal vertebra above an injury to one he-
althy vertebra below an injury) into successful cli-
nical practice (Early reports). The use of pedicle
screws in the lumbar spine to stabilize the lower
most end of a long rigid construct applied for A3,
B, and C thoracolumbar injuries was advantage-
ous when compared with that using hook claws
in the lumbar spine because the constructs with
screws restored and maintained the fractured
anterior vertebral body height better than the ho-
oks without subsequent loss of correction and
safe guarded postoperatively a continuous Spi-
nal Canal Clearance at the injury level.”
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Failure to support the anterior spinal column
after posterior correction and instrumentation
with pedicle-screw-based implants has led to the
failure of these implants by breakage, bending,
or loosening in many patients. The critical period
appears to be the 6 months after the procedure.
Loss of correction and failure of implants were
more common in spine fractures repaired with
pedicle screws than in studies that used anterior
strut grafting and anterior instrumentation. The
mean loss of kyphosis correction ranged from 3°
to) 2° in the reported pedicle screw studies, whe-
reas the mean loss of correction in the Kaneda
studies was only 1 °. In addition, the failure rate
of posterior instrumentation ranged from 9 to 54
% in the pedicle screw studies, whereas it was 6
% in the Kaneda studies.*"**

Several concerns for the short segment
transpedicular fixation (SSTF) -concept have
been raised mainly because of the high rate of
failure and therefore SSTF is currently recom-
mended in thoracolumbar and lumbar injuries
when the anterior osseoligamentous complex
is intact.”

A general assessment of comminution (Lo-
ad-Sharing Classification) is the most suc-
cessful way to predict C1 inically successful
short-segment thoracolumbar spinal fracture
repair.

A) Fractures with mild comminution (sco-
re<S 6) can be successfully repaired from only
the posterior approach with pedicle screw-ba-
sed implants.

B) Severely comminuted fractures (sco-
re>7) must be repaired by an anterior appro-
ach with vertebrectomy and strut grafting.

Bracing for 4 to 6 months postoperatively is
a necessary part of successful short-segment
spine fracture reconstruction.
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Fracture-dislocations (injuries with transla-
tion) are best initially instrumented short seg-
ment from the posterior approach. If the Load-
Sharing point total is 7 or higher, then a ver-
tebrectomy and anterior strut graft are applied
later. Long-segment fracture repair is used for
patients with unpredictable postoperative
compliance.

Fracture assessment (radiograph and CT
sean) is never used alone to decide on fractu-
re treatment. Patient-specific comorbidities
are too important to ignore.*”**

From a clinical perspective, initial stiffness
is probably the more important consideration
in selecting appropriate instrumentation. The
postsurgical patient protects his or her spine
from extreme loads by voluntary restriction of
activity, and at times by use of a brace or ort-
hosis. However, the low loads characteristic of
the initial stiffness will stili be applied to the
spine, and these will define the mechanical
environment of soft tissue and bony healing.

Posterior screw fixation alone may be ina-
dequate for short-segment lumbar instrumen-
tation in unstable thoracolumbar fractures, be-
cause pedicle screw bending-fracturing oc-
curs in 29 % of superior and 36 % of inferior
screws with progressjve kyphotic deformity.
The addition of sublaminar hooks to the Short
Segment Posterior Instrumentation signifi-
cantly increases initial stiffness, and therefore
may promote both healing of a fracture or con-
solidation of a fusion mass to avoid screw
complications combine screw and hooks.*"*

Posterior Transpedicular cancelous bone
grafting of the involved vertebral body has be-
en offered and performed successfully as an
alternative method to increase structural and
mechanical deficiency of the anterior column.
Concern still remains about the potential
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complication of further canal narrowing or fa-
ilure of remodeling with this technique. Howe-
ver, many researchers have reported that
grafting could not decrease the loss of correc-
tion.**

Balloon kyphoplasty and vertebroplasty are
based on the same principal of reinforcement
of the anterior column via a posterior appro-
ach. Balloon kyphoplasty reduces significantly
posttraumatic kyphosis in Burst Fractures
Using Pedicle Screws, and PMMA Cement. In
cadavera, Vertebroplasty reduces significantly
endplate in Burst Fractures Using Pedicle
Screws, and Calcium Phosphate Cement.

Both distraction with the pedicle screw
construct and inflation of the bone tamps re-
sulted in a significant reduction of the end pla-
te fractures. This effect was more prominent in
the lumbar than the thoracic levels, because
the lumbar endplates were more severely de-
formed after the traumatic impact as can be
concluded from the results.*

Transpedicular hydroxyapatite grafting,
and pedicle screw fixation is a method which
provides reliable neurologic improvement in
patients with incomplete neurologic deficit,
and prevents the development of kyphosis.
This technique does not require fusion to a
segment, thereby preserves thoracolumbar
motion. “*

Unfortunately, posterior, anterior and com-
bined instrumentation and fusion have appe-
ared in clinical practice without proper rando-
mized controlled trials to prove their efficacy,
and any comparison has only yielded lively
debate by their respectiye advocates.”

A recent systematic literature review 14 of
132 papers concluded that most of studies on
surgical approaches for thoracolumbar injuries
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are inadequate. The optimal surgical appro-
ach to treat acute thoracolumbar spine injuries
is controversial. In particular, five surgical
subgroups were recognized in this study:

* posterior short-segment (PSS),

* posterior long-segment (PL),

* both posterior short- and long-segment,

e anterior, and

* anterior combined with posterior techniques.

The surgical observations reflect the gene-
rally held opinion that: The posterior short-
segment is the shortest surgical procedure
with the least blood loss white the anterior and
posterlor combined group is the most deman-
ding for the patient in these respects.

Radiologically, none of the 5 techniques ma-
intained the corrected kyphosis angle. Posteri-
or-short showed the highest loss of correction,
while the anterior the lowest loss of correction

Patients with a mild neurologic deficit at ad-
mission had a greater chance for total recovery,
regardless of the surgical technique. Posterior
long and anterior instrumentation showed the hig-
hest rate of general complications

Denis pain and work scales yielded similar
results for the patients from all groups, altho-
ugh it should be noted that the patients from
the Posterior-Short and Anterior groups had
the highest percentage good to excellent re-
sults in both scales.™

Clinical cases as an example of decision
making regarding treatment of thoracolum-
bar spine injuries.

Clinical Case-l
Neurology & Posterior Ligaments Intact

Most commonly seen in compression or
burst fractures. This patient rarely requires
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surgical intervention. Bracing is commonly
employed in the treatment of these fractures.

The natural history of these fractures leads
to healing with some degree of radiographic
progression of kyphosis over the first few we-
eks following the trauma. The vertebral body
settling and increased kyphosis are usually of
little or no clinical consequence.”

If surgery is indicated for quick mobilization,
a posterior approach (open or minimally invasi-
ve) is preferred vs. an anterior approach to re-
construct the injured anterior column.

Surgical intervention may also be appropri-
ate in a neurologically intact patient without
posterior ligamentous disruption (rare scena-
rio) who has a peripheral root deficit. This is
most commonly seen in low lumbar fractures
(L4, L5). In this situation, if surgery, rather
than observation, is undertaken, a posterior
approach is preferred to allow direct decomp-
ression of the affected nerve and stabilization
of the fracture.”

Clinical Case-2

Neurology OK, Posterior Ligaments Dis-
rupted

Most thoracolumbar injuries involving dis-
ruption of the posterior ligaments include se-
vere compression fractures, burst fractures,
distraction injuries, or translational injuries. A
posterior approach is prefered.'***

A combined anterior/posterior procedure is
rarely preferred by a minority of surgeons be-
cause of concerns over anterior spinal sup-
port. In those uncommon situations where ad-
ditional anterior column support is required be-
cause of a severely comminuted fracture, a
combined anterior/posterior approach may be
considered '****

Note that normal neurologic status does
not always exclude dural tear and nerve root
entrapment in Lumbar Burst Fractures with
Greenstick Lamina Fractures. Disappearance
of fat pad signal in CT and/or MRI are signs
that suggest possible dural tear. Any reduction
maneuver will close the greenstick lamina
fracture and crush the entrapped neural ele-
ments. If there is any suspicion of such an oc-
currence, it should be the rule to begin with
posterior approach and use the open book
technique to expose the dura safely before
any reduction maneuver.”

Clinical Case-3

Neurologically Incomplete or Cauda
Equina Injury/Posterior Ligaments Intact

Severe burst fractures, distraction extensi-
on injury or flexion distraction injury through
bone only. Such a patient is best served by
spinal cord or cauda equina decompression
via an anterior approach to allow for maximal
neurologic recovery. Reconstruction is perfor-
med with the use of a strut graft or cage and a
side-mounted plate or rod system.

For injuries with a distraction or translation
morphology, regardless of neurologic status or
posterior ligamentous status, an initial posteri-
or approach is preferred to provide stabilizati-
on prior to the decompression anteriorly. %%

Clinical Case -4

Neurologically Incomplete or Cauda Equ-
ina Injury/Posterior Ligaments Disrupted

It is most commonly seen in severe burst
fractures, flexion distraction injuries (through
posterior ligaments instead of bone), and
translational injuries.

In a burst-type injury accompanied by in-
complete spinal cord/cauda equina injury with
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documented neural compression, an anterior
decompression is warranted. Because of the
presence of a compromised posterior liga-
mentous complex, the anterior vertebral re-
construction may require augmentation via
posterior stabilization.

In translational or distraction injuries, an ini-
tial posterior reduction for alignment and stabi-
lity is recommended followed by a posterolate-
ral or anterior decompression in the presence
of residual canal compromise. Decompression
takes priority over stabilization except in trans-
lation and distraction injuries where initial re-
alignment was recommended, which may in
and of it self serve to relieve any neurologic
compression

The need for combined anterior and poste-
rior (360°) approaches was agreed upon by 82
% of participating surgeons in a severe burst
injury with incomplete neurologic injury and
disruption of the posterior ligaments. Low lum-
bar (L4, L5) fractures may prevent safe and
reliable direct anterior decompression or inst-
rumentation, and thus a posterolateral de-
compression with posterior instrumentation is
a reasonable choice.™

Clinical Case - 5

Neurologically Complete/Posterior Liga-
ments Intact

Most instances of complete spinal cord injury
in which the posterior ligaments remain intact are
represented by severe burst fractures. A flexion
distraction injury entirely through bone or a dist-
raction extension injury with the injury line pas-
sing only through the posterior elements can al-
so result in this clinical scenario. Nervous system
insult is typically from spinal column elements
anterior to the canal or canal compromise due to
translation. Decompression to regain neurologic

function is generally felt to be of little or no bene-
fit

Surgical treatment limited to a posterior
approach aimed at stabilization and realign-
ment may be appropriate, but many surgeons
prefer an anterior approach for restoration of
CSF flow as their primary objective as an at-
tempt to avoid the incidence of posttraumatic
syringomyelia.**

Clinical Case - 6

Neurologically Complete/Posterior Liga-
ments Disrupted

Severe compressive burst injuries, transla-
tional injuries, and distraction injuries all cont-
ribute to this type of clinical presentation. Ne-
urologically complete patients with posterior li-
gament disruption display the most destructive
fracture patterns.

In the absence of salvageable neurologic
function, a posterior exposure and tixation pro-
cedure is the surgical pathway of choice. Res-
toration of CerebroSpinalFluid (CSF) flow
through an anterior-only approach (augmen-
ted by internal fixation) was felt by some sur-
geons.

Recognizing the extreme biomechanical
instabilities in these types of fractures, few
surgeons favored a combined anterior and
posterior procedure, noting the opportunity
provided in such instance to not only restore
CSF flow but limit the number of motion seg-
ments included in the posterior instrumen-
tation because of the anterior construct.

Conclusion

The morphology of injury, neurologic
status, and integrity of the posterior ligaments
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can help guide the surgical management of
thoracolumbar injuries. In most instances, in-
complete neurologic deficits warrant anterior
decompression if a posterior alignment is not
effective in relieving neurologic compromise.

Disruption of the posterior ligaments
requires a posterior approach in the majority
of cases. When both of the se circumstances
are present at the same time, a combined
360° approach is merited.

Other characteristics of the fracture pattem
can intluence the choice of approach but are
rare compared with typical presentations.

Spinal Canal Remodeling Regardless of
the type of treatment

Spontaneous remodeling of the spinal
canal succeeding burst fractures of the spine
has been recognized as an entity following the
advent of the three-dimensional imaging tech-
nologies. Remodeling has been shown to oc-
cur regardless of the type of treatment, be it
surgical or conservative, but the real clinical
importance or the influence on neurological
recovery, is not yet clearly understood.?***

Neurologic recovery following Surgical
Treatment of Traumatic Fractures of the
Thoracolumbar Spine

A complete paraplegia does not resolve!
From a partial cord lesion, a substantial part of
the patients recover completely. Patients with
the least deficits at admission clearly had the
best prospects of complete recovery regard-
less of the surgical approach. this finding can
be explained with two mechanisms:

1. Mild deficits corresponded to lightly
damaged spinal cords, and these patients
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would have a good chance for healing without
sequels.

2. Neurologic deficits can improve even 2
to 3 years after the initial damage, although
then the gain is usually small. "%

Conclusions

1) Evidence-based guidelines for the treat-
ment of traumatic fractures of the thoracic and
lumbar spine are lacking.

2) The scientific evidence is largely based
on retrospective case-series.

3) The surgical approach is possibly deter-
mined by the injury severity and institutional
preference.

4) No surgical method is able to maintain
the corrected kyphosis angle.

5) Partial neurologic deficits have potential
for recovery, the amount depending more on
the initial deficit and the time elapsed since the
initial deficit than the treatment strategy.

6) Although complications after surgery for
traumatic spine fractures have been reported
frequently, serious complications are rare.

7) The added value of transpedicular spon-
giosaplasty is questionable.

8) The outcome in terms of pain and emp-
loyment seems to be better than generally
believed.

9) Valid designs, e.g., randomized control-
led trials, are needed for comparison of dif-
ferent surgical techniques.
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PANEL DISCUSSION

TREATMENT OF LUMBAR DEGENERATIVE DISC DISEASE:
DISC ARTHROPLASTY

Marco BRAYDA-BRUNO

Spine Care Group -I.R.C.C.S. Galeazzi Orthopaedic Institute, Milano, Italy.

Introduction

Lumbar degenerative disc disease (DDD)
is one the major causes of pain and disability
in adults in developed countries.

Traditionally in these patients with persis-
tent low back pain (LBP) unresponsive to con-
servative treatment, spinal fusion is still the
standard treatment. This kind of surgery can
reduce symptoms, climinating any painful in-
tervertebral motion, either by a posterior
(PLIF) or anterior (ALIF) techniques. Despite
this, fusion is still discussed among surgeons
about long-term consequences/benefits of
loss of motion, possible revision and fusion
extension due to clinical sequelae of possible
increasing stress at the adjacent levels". Mo-
reover, it has been shown that lumbar fusion
may alter the sagittal balance of the spine, inc-
luding a decrease in the sacral tilt and lumbar
lordosis: clinically, postfusion pain appears to
be significantly related to the se sagittal altera-
tions, independent of other factors such as
pseudoarthrosis.

In recent years, with the technical develop-
ment of total disc prostheses, the possible
replacement of the degenerated disc by a mo-
tion-preserving implant has become widely
discussed and popular as an alternative stra-
tegy to fusion in the treatment of patients with
discogenic pain®. Although still in the early
phases of development after some pioneer
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devices; the non-fusion option in LBP surgery
is promising and the motion-preservation tech-
niques will become part of the spine surgeon
armamentarium, especially with the introducti-
on of new materials and new implants design.

Aim of total disc arthroplasty (TDA) is at le-
ast to get the same benefits as fusion, and its
theoretical advantages appear to include the
ability to relieve pain by maintaining the moti-
on segment and potentially preventing adja-
cent-segment degeneration . A recent pros-
pective radiographic study about the influence
of single-level TDA on spinal sagittal balance
has shown that disc replacement doesn't af-
fect and often restores sacral tilt (ST), pelvic
tilt (PT), and lumbar lordosis ™.

Other studies have demonstrated that the
degree of pain improvement after TDA was
equivalent to that obtained with anterior fusion
cages using the mini-invasive technique, wit-
hout significant differences. However, there is
a trend towards faster recovery and improve-
ment in disc arthroplasty patients.

Actually a better knowledge in functional
anatomy and biomechanics of the spine has
made possible the development of modern
lumbar arthroplasty devices (e.g., Charite I,
ProDisc, Maverick, FlexiCore) of different
construct and materials (metal-on-plastic, me-
tal-on-metal).
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Indications and Contraindications.

Indications for lumbar TDA are similar to
those for anterior interbody fusion (ALIF), ex-
cept for most severe DDD. The patient should
have failed any pain improvement after an
appropriate 10-12 months non-operative treat-
ment, and should have an assessed discoge-
nic pain (ev. by discography) related to a sing-
le or double level disc disease at L4-L5 or L5-
S1. Patients must have good bone stock (usu-
ally aged: s 55), because osteoporosis is a
clear contraindication for lumbar TDA , due to
the higher potential risk of implant endplate
subsidence.

Radiculopathy and sciatica, canal stenosis,
spondylolysthesis (any) are other contraindi-
cations for lumbar TDA®™. Also posterior facet
joint arthropathy is generally considered a
contraindications: but are cent paper has stu-
died the correlation between the clinical func-
tional result of TDA and the arthrosis of the
posterior facets or the fatty degeneration of
the spinal muscles, that appear to be essenti-
al for understanding the long-term outcome of
devices in functional terms. The study has
shown that a semiconstrained implant with a
fixed posterior center of rotation can be imp-
lanted with grade 1 and 2 facet arthrosis with
a good clinical outcome, while the greater the
amount of muscle fatty degeneration, the less
satisfactory the clinical result” .

Surgical approaches.

The new generation of lumbar implants has
been developed to be implanted through a mi-
nimally invasive anterior retroperitoneal app-
roaches to the lumbar spine. To expose the
anterior lumbar spine, a transperitoneal appro-
ach can also be used, either open or laparos-
copic. However many comparative papers we-
re published in the last few years, showing a
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clear superiority of mini-open retroperitoneal
anterior approach. It can reduce the risk of da-
mage to the superior hypogastric sympathetic
plexus (retrograde ejaculation/climax) by 10 ti-
mes compared to the transperitoneal one.

The patient is positioned supine with ab-
ducted and semi-flexed hips. With the assis-
tance of the C-Arm, an accurate identification
of the midline is made. Once the centerline
has been found, it is usually helpful to mark it
on the skin as well as the lateral projection of
the target vertebral bodies by lateral fluorosco-
pic check.

Anterior minimally invasive retroperitoneal
approach to LS-S1:

* 5-6 cm horizontal skin incision,

e Fascia - Rectus abdominis sheath ope-
ned.

* Retroperitoneum, approached through
Douglas' space.

¢ | eft common iliac/aortic bifurcation mobi-
lized (69 % located at L4-5).

* Middle sacral artery and ve in mobilized
and ligated (theyare below the bifurcation).

* Blunt dissection and mobilization to the
right of the left common iliac artery, sweeping
from left to right also the prevertebral tissue
(including the superior hypogastric plexus) off
the lumbosacral disc.

* Disc approached in the midline.

Anterior minimally invasive retroperitoneal
approach to L4-L5:

* 5-6 cm vertical skin incision, Fascia - Rec-
tus abdominis sheath opened. Retroperitone-
um, approached through Douglas' space.

* Left ileo-lumbar ascending vein ligated (at
L4-LS), because this vein is a horizontal tet-
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her, which crosses the body of LS from right to
left and ascends in the left paravertebral spa-
ce. It acts as a direct tether to prevent retrac-
tion of the iliac ve in of the spine, and is very
vulnerable to avulsion.

e Left Common lliac Vein mobilisation from
left to right, and self-retractors in place. Disc
approached in the midline.

Currently some TDA implants (i.e. O-MAYV -
Medtronic) could be correctly placed at L4-L5
level by an oblique direction, thus reducing the
retraction stress on the vessels because their
complete dislocation to the right is no more
necessary.

Most of the data available from literature abo-
ut the complication rate of anterior approaches to
the lumbar spine are referred to ALIF techniques,
but because this access is the same used for
TDA, they can be similarly considered in the an-
terior lumbar spine non-fusion surgery.

The most common approach-related intra-
operative complications are vascular injuries,
ureteral tears and peritoneum violation, white
the post-operative ones are sympathetic
dysfunctions (especially retrograde ejaculati-
on in males), urinary retantion and prolonged
ileus.

European clinical trail: Maverick lumbar
TDA. Prospective study. Preliminary report
of 60 cas es at 3 years follow-up *.

The Maverick is a chrome cobalt metal-on-
metal design prosthesis with two metal parts
that rub together according to the principle of
a bal and socket. One part is therefore fixed
inside the other. The device rotates in on a
posterior center, limiting stress to the posteri-
or facet during flexion, extension and lateral
inclination.

The center of the ball is situated below the
vertebral endplate, allowing controlled auto-
matic translation during flexi on and extension.
The Maverick is anchored to the bone by a
hydroxyapatite coating and a connector press-
fitted into the vertebral body.

Objective: The goal of this study was to
prospectively analyze the results of the Mave-
rick Lumbar Disc Prosthesis (Medtronic USA)
at 3 years follow-up.

Methods: We conducted a prospective
analysis of the Maverick lumbar TDA implan-
ted in the first 60 consecutive patients for the
treatment of single-level DDD of the lumbar
spine resistant to conservative treatment for
more than 1 year. The outcome data collected
included the Oswestry Questionnaire (ODI
2.0) and Visual Analog Scale (VAS) preopera-
tively and at routine follow-up. Radiographic
analysis included sagittal balance parameters
on standing lateral radiographs of the spine
and range of motion on flexion/extension
dynamic radiographs. 3 european centers we-
re included in the study.

Results: There were 32 females and 28
males with an average age of 43,4 years and
average follow-up of 2,8 years (24 to 40
months). The Maverick prosthesis was imp-
lanted at L4-5 level in 28 patient and at L5-S1
levels in 32 patients. Clinical success, defined
by the FDA as improvement as at least 15 po-
ints on the ODI 2.0, was 76 % and 79 %, at 6
months and 1 year follow-up respectively. The
VAS show an improvement in back pain from
7.1 (+/- 2) pre-operatively to 3.0 (+/- 1.8) pos-
toperatively.

At 1 year, there was no measurable subsi-

dence of the device and no evidence of devi-
ce migration.
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The measured R.O.M. in flexion-extension
ranged from 3 to 16 degrees. L4-5 level is one
mobile: average 7.4 degrees. With regards to
sagittal balance, there was no significant
change in any of the variable studied including
sacral tilt, pelvic tilt or overall lordosis after pla-
cement of TDA. One complication, a ureter in-
jury occurred during the approach in one pro-
cedure. One left lliac vein injury occured intra-
operatively and treated with vascular clip. One
patient with persistent low back pain was re-
operated for posterior fusion with significant
improvement of pain at two years. This patient
had been operated 3 times before disc herni-
ation and recurrence of HD.

Conclusion

This results of TDA compare favourably
with the short-term clinical outcomes associ-
ated with ALIF reported in literature. Unlike fu-
sion however, it is evident that disc arthrop-
lasty has less perioperative morbidity and al-
lows enough freedom of motion to maintain
the natural sagittal and spinopelvic balance,
while restoring dise height, unloading facet jo-
ints and opening neural foramen. All these
factors may be then critical in obtaining gre-
ater pain relief and protecting the adjacent le-
vels, if compared with fusion.

Consequently, modern clinical research
and development in disc arthroplasty strongly
supports its emergence as a real alternative to
spinal fusion for patient with lumbar DDD, alt-
hough these favourable clinical results must
still be assessed after long term follow-up
studies.
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PANEL DISCUSSION

THE PLACE FOR DYNAMIC INSTRUMENTATION (TOPSTM-LUMBAR
FACET JOINT REPLACEMENT SYSTEM) IN THE MANAGEMENT OF
LUMBAR DEGENERATIVE DISC DISEASE

Yizhar FLOMAN, Luiz PIMENTA, Larry KHOO, Hans Joachim WILKE

Degenerative lumbar disc disease is a mul-
tifaceted pathological process. The concept of
the degenerative cascade was formulated by
Kirkaldy- Willis, who delineated its various sta-
ges. The final common pathway of the casca-
de is the degenerated motion segment affec-
ting both the intervertebral disc and the poste-
rior elements with end-stage spinal stenosis. A
single standard surgical strategy is not appli-
cable since the degenerative process has
many different facets. This feature makes it
imperative to match the treatment to the spe-
cific pathological anatomy of these different
stages.

Until recently, spinal fusion was the univer-
sally accepted approach in far advanced spi-
nal degeneration despite the fact that it is a
"non-physiological" surgical solution. Conside-
ring the well-documented successes of joint
replacement, disc replacement is certainly an
interesting and promising altemative surgical
option. Indeed, the recent popularity of disc
replacement surgery has gained close attenti-
on from both the public and from spine practi-
tioners. Removal of the "pain generator" and
the possibility of restoration of the normal mo-
tion characteristics are understandably appe-
aling. The recent resurgence of the issue of
disc degeneration in the level adjacent to a
surgicany fused segment has alsa disfavored
spinal arthrodesis and led to further utilization
of disc replacement technology. Unfortuna-
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tely, disc replacement is suitable for only a
small percentage of patients with degenerati-
ve lumbar disc disease. For example, Huang
et al.” from the Hospital for Special Surgery in
NY, found that only about 5 % of patients un-
dergoing surgery for degenerative disc dise-
ase of the lumbar spine were found suitable
for lumbar disc replacement. The posterior
pathological anatomy is the main symptom ge-
nerator in most of these patients, and current
disc replacement techniques cannot address
spinal stenosis or facet arthritis. Therefore,
most patients with degenerative lumbar disc
disease will still need same kind of posterior
surgery. These patients are usually elderly
and have significant stenosis and facet arthri-
tis; some have degenerative spondylolisthesis
and some degree of osteoporosis as well. In
essence, these characteristics comprise a list
of contraindications, both relative and absolu-
te, for disc replacement. The spine clinician is,
therefore, left with the traditional surgical solu-
tion of lumbar decompression accompanied
by fusion, especially in cases of degenerative
spondylolisthesis. In addition to the loss of
motion following fusion, the spondylodesis inc-
reases motion and stress in the adjacent seg-
ments by means of load transfer. This biomec-
hanical phenomenon has the potential of ac-
celerating adjacent disc degeneration with the
possible need of revision surgery. The alterna-
tive to this "poor solution" is clearly a procedu-
re that will address nerve root and cauda equ-
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ina compressian, abolish pain generators from
facet osteoarthritis and restore rather than
restrict physiologic lumbar spine motion.

Posterior motion preservation, including fa-
cet arthroplasty, is a new concept in spinal sur-
gery. By restoration of the anatomical structu-
res and function of the posterior elements, it is
possible to decompress the thecal sac and
nerve roots without the need for fusion. Such
an approach has numerous potential benefits
and the TOPSTM- total posterior spine system
incorporates the features afthis concept in the
clinical setting ©. It has the potential to replace
the posterior elements, integrate current de-
compression techniques and rely on standard
pedicle screw instrumentation. Unlike the cur-
rently available alternatives to fusion, the
TOPSTM device is designed for both stabiliza-
tion and motion preservation and not for restra-
ining posterior motion. The TOPSTM system
offers a novel approach to facet replacement
and allows a dynamic, multiaxial® - column sta-
bilization via a standard traditional posterior
approach following proper decompression.
The central core of the implant is composed of
two titanium endplates connected by a closed
"box" containing an elastomer that provides 3-
axial motion. An internal mechanism in the
"box" controls the range of motion. The elasto-
mer is capable of transmitting tensile compres-
siye and shear forces. The central "box" is con-
nected by two crossbars in the transverse pla-
ne to standard polyaxial pedicle screws.

Biomechanical evaiuation

Prof. H. J. Wilke from the University of Ulm
in Germany evaluated the implant in vitro. Six
human cadaver specimens (L2-S1, mean age
58 years) were used for the in vitro experi-
ment®. The specimens were loaded with pure

moments of flexion/extension, lateral bending
and axial rotation in a universal spine tester®.
Each specimen was tested in the intact state
af ter bilateral laminectomy and facetectomy
and after implantation of the TOPSTM device.
The range of motion, neutral zone and intra-
discal pressure were determined from the third
cycle run on each specimen. Facetectomy sig-
nificantly increased the flexion/extension, late-
ral bending and axial rotation. After fixation of
the implant, the range of motion was normali-
zed (5.9 degrees, 10 degrees and 5 degrees).
The characteristic intradiscal pressure versus
load with the TOPSTM was similar to that of
the intact spine. In a further experiment with a
mounted slightly modified TOPSTM, the ex-
tent of flexion/extension was recovered to al-
most 80 % of the intact spine. The characteris-
tic range of motion with the TOPSTM device
was compared to specimens mounted with the
Dynesis implant. It was found that the
TOPSTM device allowed greater motion than
the Dynesis system.

T. Wright from the Hospital of Special Sur-
gery in New York conducted additional in vitro
dynamic cadaveric assessment with the
TOPSTM device. The compressiye loads on
each pedicle screw were tested and compared
to the loads when the specimens were moun-
ted with the Dynesis system. The mean purpo-
se of that experiment was to determine if the
TOPSTM design lends it self to load sharing
among all four pedicle screws. it emergecl that
the load on the screws was significantly lower
and niore evenly distributed with the TOPSTM
system compared to the Dynesis device. This
may be explained by the fact that the system
is connected to the spine in the transverse pla-
ne as opposed to its vertical connection in the
Dynesis system and in fusion surgery with pe-
dicle screws, and also because it is a dynamic
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mobile implant. In vitro experiments on static
load to failure, fatigue and wear simulation af-
ter 10 000 000 cycles were also conducted. In
summary these in vitro experiments showed
that the TOPSTM device almost ideally resto-
red the range of motion in flexion/extension,
lateral bending and axial rotation. it provided
sufficient stability to the "decompressed spine"
and yet was significantly more dynamic in
comparison to other currently available "dyna-
mic" systems.

Clinical trial

The initial clinical trial was carried out in
Brazil®. Ten patients aged 50-70 years enrol-
led in a nonrandomized pilot study after it was
approved by the local institutional review bo-
ard. The primary indication was neurological
claudication due to spinal stenosis with or wit-
hout degenerative spondylolisthesis at L4-L5.
Patients with greater than 50 % loss of disc
height had been excluded. The study candida-
tes were evaluated with the DEXA sean and
those with a -1.5 SD were excluded.

Prior to instrumentation, bilateral laminec-
tomy and facetectomy were accomplished
with decompression of the dural sac and ner-
ve roots through a standard midline posterior
approach. Appropriately sized pedicle screws
were inserted and an appropriately sized
TOPSTM device was connected and secured
to the 4 pedicle screws.

There were no intraoperative complicati-
ons. Blood loss was minimal and did not exce-
ed 200-300 cc. All patients were mobilized 1-2
days after surgery. They have been evaluated
with pre- and postoperative X-rays, visual ana-
log scale (VAS) for pain, the Oswestry pain
questionnaire, the Zurich Claudication Score

(ZCQ) and the SF-36 health survey at 1,3, and
6 months and at 1 year.

Nine patients completed follow-up visits at
6 months and five have reached their 1-year
follow-up visit. Thus far, the VAS for pain was
reduced by 69 % at 6 months and by 84 % at
one year (median follow-up from 8.56 months
to 1.33 years). The total Oswestry score was
reduced by 63 % at 6 months and 76 % at one
year. Independent analysis of follow-up radi-
ographic images have concluded that there
has been no evidence of spontaneous fusion
or of screw loosening or breakage, and flexi-
on/extension views showed the TOPSTM imp-
lant to be mobile. Clinically, all patients exhibi-
ted well-preserved lumbar motion. To date, 24
patients have been operated with implantation
of the TOPSTM device (ten additional patients
in Brazil and four in Turkey by Prof. Azmi
Hamzaoglu). There have been no device-rela-
ted adverse events, and all of the patients in
the Brazil Il study and Turkey are faring very
well.

Discussion

The TOPSTM system is intended for use in
skeletally mature patients with degenerative
lumbar disc disease. Currently, the implant is
suitable to manage only one lumbar level bet-
ween L3-S1. The system is an alternative to
spinal fusion that is designed to stabilize and
preserve physiological-like motion of the affec-
ted vertebral level and to alleviate pain stem-
ming from facet arthritis, degenerative spondy-
lolisthesis and spinal stenosis. The primary in-
dication is neurological claudication due to spi-
nal stenosis with or without degenerative
spondylolisthesis at the L3-4 or L4-L5 levels.
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The clinical results in the first 24 patients
are highly encouraging. Not only are all pati-
ents faring very well, there are no device-rela-
ted problems, such as screw loosening or
screw breakage, the latter being a significant
problem with the Dynesis system. Neverthe-
less, there is room for concem about the con-
cept of continuous motion through a degene-
rated disc in terms of the possibility of eventu-
al failure of an affected disc. In our experience
thus far, no disc has "broken down" and comp-
laints of back pain were minor and did not di-
minish patient satisfaction.

Future developments are expected to make
it possible to incorporate disc replacement via
a posterior approach with the TOPSTM
system. It will also be possible to manage
polysegmental pathology with either motion
preservation of multisegments or with a hybrid
construct consisting of a component of motion
preservation and a component for fixation and
fusion.

Careful clinical progress with strict patient
selection, close and meticulous follow-up and
introduction of minor modifications to the imp-
lant will ensure this new promising avenue in
spinal patient care. Although the future lies in
motion preservation, however, some patients
will still need "good old" posterior spine fusion.
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Introduction: Postoperative Spine Wound Infections:

Postoperative spine infections following L] Early (0-12 weeks)
spine sgrgery cgn be .Iife-threaten?ng Iand [] Delayed (> 6 months)
costly. Given the increasing use of spinal inst-
rumentation over the last 20 years, the treat- Incidence:
ment of this complication has become incre- By Diagnosis-
asingly important. Proper management of
post-operative wound infections of the spine is
paramount to obtaining a spinal fusion, avo- [J Adult Idiopathie scoliosis 1 %
iding other possible complications, and ultima-
tely achieving a successful outcome for the

O Neuromuseular 5t0 15 %

By Procedure-

patient. L] Anterior fusion 0.6 %
Overview: (] Diskeetomy 1%
Postoperative spinal infections are detri- O Low baek fusion 3-5 %

mental because of: ) , .
- Fusion w/o instrumentation 1-5 %

L1 Morbidity and longer hospital stay _ _ _
- Fusion w/ instrumentation 6 % or greater

[ Cost - Increases total cost of care for lo-

wer back fusion more than 4 times (Calderone [ Revision surgery 8%
1996) General Risk Factors:

(] Poor patient outcomes Patient-related:

[J Potential for other complications (ex. [J Malnourishment

pseudarthroses, neurologic sequelae) _ o
[J Neuromuscular diagnosis (i.e. cerebral

palsy, myelomeningocele, spinal cord injury)
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L] Multi-trauma
L1 Malignancies

L] Immunocompromised (HIV, Sickle cell,
TB, Diabetes mellitus, RA, Drug abuse, Stero-
id use)

[J Concurrent Infection

L1 Smoking

L] Obesity

Intra- and Postoperative Risks:
[1Increased Op Time

[1 Excessive Blood Loss

O Traffic

L] Exposure

L] Dead space

L1 Halo traction

[] Revision Surgery

[J Greater number of levels
L1 Instrumented fusion

L1 Allograft use

L] Long stay in the hospital
Organisms:

[] Staph Aureus

[ Gram-negative organisms
L] Propionibacterium acnes
[1S. epidermdis

L1 Strep group B

L] Enterobacter cloacae

L1 E. coli

L] Proteus

[J Mixed

Signs and Symptoms:

Ll Fever

L] Malaise

L] Increase back pain

L] Drainage

Laboratory Tests:

L] Leukocytosis

L] Elevated ESR and CRP

L] Positive cultures (*Culture for 7 days)
U Vitrasound and Gad enhanced MRI
Laboratory Tests for Nutrition:

L] Serum albumin < 3.5 g/dL

L] Totallymphocyte count <1500- 2000
cells/mm

L] Zinc levels < 670-1240mg/L
C-reactive protein (CRP) vs ESR:
L1 CRP is more useful than ESR

L1 CRP is minimally elevated 2-3 days post-
op and should normalize 5-14 days post-op

(1 ESR peaks 4 days post-op and normali-
zes 2 weeks post-op

L1 ESR may take 3-6 weeks to normalize
Teatment of Infections:
L1 Prophylactic treatment

- Pre-operative and intra-operative antibi-
otics

- Intra-operative irrigation

- Dilute betadine solution irrigation (Chen
2005)

L1 Operative Treatment

- Antibiotics ater deep cultures have been
taken
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- Debridement & Irrigation

- Open or closed treatment

(1 Open vs Closed?

- Open treatment of the wound (packing, vac)
- Closed (drain vs closed irrigation)

[1 Removal vs leaving in instrumentation?
[1 Long term antibioties

Continuous Suction-Irrigation Technique
(Akbarnia)

L1 Early intervention

L1 Assumption of deep wound infection
[1 Complete debridement

L1 Pulse lavage

L] Leaving the implants

L1 Deep inflow catheter

[1 Deep outflows

L] Tight Closure

L1 Continuous saline irrigation 100 cc/hour
[ Detail recording

[1 Gradual removal of the drains

[1 Second visit if necessary

[ Systemic antibiotic therapy

Results;
Acute Late
L] Patients 22 6
U] Re-infected pts 7 0
[J Hosp. Stay 15 days (6-63) 8.5 days (4-14)

Implant Removal:
Number of Pts Removal
L] Early 22 0
L] Delayed 6 4

L] Closed suction irrigation is an effective
method of treatment of post-operative wound
infections

L1 Adherence to the detail of technique is
essential

L1 Early diagnosis and treatment results in
better outcome

L1 Antibiotics not necessary in irrigation

L] If intervention is done within one week
the second procedure will not be necessary

L] In acute cases the removal of the imp-
lants is not usually necessary or advised but in
late infections removal of implants is feasible

Delaved Deep Wound Infeetions:

(1 Usually 6 months to 2-3 years following
index surgery

O Poorly locallzed baek pain

U Fluctuance

L] Spontaneous drainage

L1 High sed. rate

L] Implant removal usually possible
How to Avoid PostOp Wound Infections:
O Identify high risk patients

L] Nutritional supplements

L] Treat UTI

L1 Prophylactic antibiotic treatment
[J Use of the drains??

U Topical irrigation??

Summary:

L] Postoperative spinal infections are relati-
vely rare but serious if not properly treated

L] Diagnosis should be early




Turk Omurga Cerrahisi Dergisi

L1 Treatment should be aggressive
L1 Appropriate antibiotic therapy

1 Treatment recommendations are so-

mewhat anecdotal

N

10.

[1Use common sense
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PANEL DISCUSSION

SPONDYLODISCITIS NON TB

Carlos VILLANUEVA

Spondylodiscitis is a hon common entity
with an annual incidence of 2 per 100.000 ha-
bitants per year in an urban area of a develo-
ped country ™. Most common clinical features
are aged patient, complaining from back pain
(91 %), fever (68 %) with a marked elevation
of the erythrocyte sedimentation rate (91 %).
Most of the aged patients are in poor general
condition due to previous invasive procedures
(41 %), underlying cancer (25 %) and diabetes
(18 %). Neurological impairment varies in the
different series from 28 % to 45 %",

The site of infection is generally lumbar

18, 20, 27)

with minor incidence in upper areas' .

Diagnosis

Magnetic resonance imaging has been ad-
vocated as the imaging method of choice in
suspected spinal infections® ®. MRI allowed
the correct diagnosis to be made in all cases,
demonstrating the pathological involvement of
the paravertebral structures and into the spinal
canal earlier and more accurately than CT.
However, it is comparable or even worse to
CT in the chronic stage of the disease: follow-
up magnetic resonance images often gaye
impressions of progressive disease, where the
clinical picture appeared to improve.

Proper identification of the causative agent
is mandatory, the most common methods are
blood culture and/or guided biopsy. Guided bi-
opsy allows better accuracy in the identificati-

on of the causative organism and allows also
the possibility of supplementary histo-patholo-
gical analysis . The efficacy of the percutane-
ous biopsy seems to be highly dependent on
the management before the biopsy. Rankine®”
reported a diagnostic efficacy of the percuta-
neous biopsy of 50 % in patients without pre-
vious treatment but only 25 % in patients pre-
viously treated. The result of the biopsy led to
a change in management in 35 % of the previ-
ously treated patients. It seems evident that
treating empirically spondylodiscitis with anti-
biotics before the biopsy can no longer be
supported. Most common germens are
Staphylococcus aureus and Gram mainly Esc-
herichia coll.

Clinical features varies with the age, child-
ren have two forms: pure discitis and spondy-
litis (vertebral osteomyelitis) Discitis have erli-
er presentation (2.7y.o. vs 7.5 y.o.) with fever
as a less common symptom (28% vs 75 %). In
spite that the clinical features distinguish most
patients with discitis from those with vertebral
osteomyelitis"”. Although radiographs of the
spine usually are sufficient to establish the di-
agnosis of discitis, again MRI is the diagnostic
study of choice for paediatric patients with
suspected vertebral osteomyelitis ®. Antibi-
otics IV and oral is the treatment of choice with
complete resolution in all the cases.

Children may suffer from a infectious arthri-
tis of a lumbar facet, this is a rare case. Clini-
cal features include back pain, contracture
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and moderate fever ®®. Lesions of the facet jo-
int are detectable as soon as the first week on
MRI, and after 15 days of clinical course on
CT sean ®. Epidural abscess, when present,
is best shown by MRI as early as the first we-
ek. CT sean can guide percutaneous needle
biopsies of the paravertebral abscesses or of
the concerned facet joint.

Spondylodiscitis in adults is related with po-
or inmunitary response®®*’ and/or invasive
procedures like cardiac surgery . Patients
with VIH syndrome have a risk of spondylodis-
citis 33 times higher than the normal populati-
on. The type of infection seems to be related
with CD4T-Cell count: Discitis and/or osteom-
yelitis occurs in HIV-positive patients with a
mild-to-moderate decrease (>/=200 cells/mm)
in the CD4 T-cell count, and the infection res-
ponds to appropriate antibiotics. Patients with
a more severely decrcased CD4 count (50 to
200 cells'/mm) may have spinal tuberculosis
develop, and patients with the lowest CD4 co-
unts are more likely to have epidural absces-
ses develop®. The prognostic is also related
with the inmunitary status, all the patients with
non specific infections had clinical resolution
after six to twelve weeks of appropriate antibi-
otics. Fatalities in this study occurred in the
two groups of patients with worse inmunitary
status. Although the CD4 count can be used
as a predictor of the clinical course, identifica-
tion of the organism remains paramount in the
treatment of this complex patient population.

More than a half (55 %) of the patients af-
fected of non specific spondylodiscitis are ol-
der than 65 y.o. This is a complex group of po-
pulation with associated pathologies in many
cases. Again patients with poor general status
have higher risk of vertebral infection specially
those with diabetes, corticosteroids, chemot-
herapy for cancer, rheumatic or inmunological

disease, renal or hepatic failure, malnutrition
or myelodysplasia.* ' The urinary tract was
the most frequent source of infection. Most
frequent infecting organism is Staphylococcus
aureus followed by Gram- bacilli and orga-
nisms such as Staphylococcus epidermidis,
Propionibacterium acnes, and diphtheroid
species, that are traditionally considered to be
of low virulance.

Some times spondilodiscitis is associated
to other infectious process like endocarditis.
The incidence varies in the different series Le
Moal “® reported 92 cases of definite infecti-
ous endocarditis, among these cases Spondy-
lodiscitis was present in 14 (15 %) cases.
Spondylodiscitis was diagnosed before endo-
carditis in all the cases. We reviewed our seri-
es ® of 666 patients with a confirmed diagno-
sis of infectious endocarditis but only 28(4.6
%) had associated spondylodiscitis. When we
look to our series of piogenic spondylitis the
incidence of associated endocarditis is much
higher (30.8 %). Other series reported a
slighty lower incidence related to the organism
responsible “” In our series, Staphylococus
aureus was by far the most common in cases
of endocarditis but if we analyze the cases of
piogenic spondilodiscitis then the gram - bacil-
lus is more relevant. This a severe association
with an overall in-hospital mortality of 11 % (7
% infectious endocarditis). LV should be inclu-
ded in the differential diagnosis in patients
with infectious spondylodiscitis and risk fac-
tors for endocarditis. In such patients, echo-
cardiography should be performed routinely.

Minor forms of vertebral infection like septic
facet arthritis can be also founded in adults. In
some cases concomitant epidural abscess is
present. The initial clinical features were con-
sistent with a spondylodiscitis. Imaging led to
the correct diagnosis in all cases being CT
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and specially MRI the method of choice. Lesi-
ons of the facet joint as well as epidural abs-
cesses are detectable as soon as the first we-
ek on MRI. Appropriate treatment after identi-
fication of the causative organism is extremely
effective in all the cases.

Epidural abscess complicating spondylo-
discitis occurred most often in the cervical spi-
ne, followed by thoracic and lumbar areas"®.
The rate of paraplegia or paraparesis also was
highest in cervical and thoracic regions. Quad-
riplegia is uncommon.

Vascular complications like great vessels
aneurysms are rare. Some reports have been
published in non specific spondylodiscitis” but
also in patients with active TB.

Treatment

Antibiotics with previous identification of the
causative organism is the method of choice.
Duration of treatment varies depending the ef-
ficacy of the treatment. In patients in good ge-
neral status, intravenous antibiotics for three
weeks followed by six to eight weeks or oral
antibiotics can be sufficient.

Surgery should be considered in

* absence of clinical improvement after 2-3
weeks of |V antibiotics,

* systemic effects of chronic infection

e progression neurological deficit in elderly
or in cervical infection.

¢ instability and/or progressive deformity.

Principles of surgical treatment are classi-
cal.

Debridement

Fusion if needed

55

Percutaneous suction and temporary stabi-
lization with a external fixator is the less agg-
ressive option. It can be considered in pyo-
genic and tuberculous osteomyelitis of the spi-
ne localized between T3 and S1. The proce-
dure is an alternative to conservative or more
invasive operative treatment modalities in pa-
inful lesions of the spine with minimal bone
loss, not amenable to efficient orthotic stabili-
zation (thoracic spine from T3 to T9, lumbo-
sacral junction, elderly patients, or presence of
deleterious general conditions).

Another MIS option can be transpedicular
drainage with"® This technique can be impres-
sively effective and the results sustained when
applied in the early stages of uncomplicated
spondylodiscitis and contraindicated in the
presence of instability, kyphosis from bone
destruction, and neurological deficit. The spe-
cial point of this procedure is a minimally inva-
sive technique with high diagnostic and thera-
peutic effectiveness. Nowadays, in cases of
moderate instability percutaneous instrumen-
tations can be used safely.

The use of spinal instrumentation has been
controversial because the theoretically incre-
ased risk of infection. Today, there is enough
evidence supporting the use of instrumentati-
onand cages®. Spinal instrumentation should
be indicated when after radical debridement of
infected vertebrae and disc material and bone
grafting the stability of the spine is stili comp-
romised. According to the location of the infec-
tion and the availability of suitable implants,
anterior or posterior instrumentation may be
necessary. With appropriate antimicrobial
agents, the outcome has been satisfactory in
all the reported patients even in case of
staphylococcus aureus MRSA + cases with
extensive destruction must be treated with spi-
nal reconstruction and again there is not cont-
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raindication to the use of cages"”. Titanium
mesh can be used with consistently good re-
sults for large anterior column defect reconst-
ructions even in the face of active pyogenic in-
fection. The use of titanium mesh cages has
not been associated with early recurrence of
infection.

Regarding the approach there are minor
advantages with anterior instrumentation in
comparison to posterior stabilization in pati-
ents with spondylodiscitis"”. Advantages of
ventral stabilization cause early mobilization
postoperatively without any increase in comp-
lication rates. Except for operation time and
intraoperative blood loss, no statistical diffe-
rence was seen. Important is the individual in-
dication for each method depending on anato-
mical and clinical signs. Ventral instrumentati-
on should be restricted to cases with sufficient
bone stock.

In cases with severe destruction, double
approach seems to be the method of choice.
Regarding the timing, same day front and
back surgery seems advisable®® Patients se-
verely ill at presentation and requiring urgent
treatment can be treated in a sequential man-
ner®: Anterior debridement and fusion for res-
toration of anterior column support and control
of the infection followed by two weeks of intra-
venous antibiotics before posterior instrumen-
tation and fusion. Patients should follow 6 we-
eks of intravenous antibiotics after surgery.
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According to the World Health Organizati-
on, tuberculosis has become the world's most
deadly infectious disease, killing nearly 3 milli-
on people per year. Each year there are 8 mil-
lion new cases of tuberculosis, and 50 % of
them are infectious.

Spinal tuberculosis is the most common
form of musculoskeletal tuberculosis. In HIV-
negative patients, between 3 % and 5 % oftu-
berculosis cases are skeletal, compared with
60 % of cases in HIV -positive patients.

The incidence and the site of involve-
ment

Spinal tuberculosis is the most dangerous
form of skeletal tuberculosis because of its
ability to cause bone destruction, deformity,
and paraplegia. Paraplegia is more common
in tuberculosis than in pyogenic spondylitis be-
cause the neural arch is involved more often
with the former. The spine is involved in 50 %
of cases of musculoskeletal tuberculosis: 4.2
% in the cervical spine, 55.8 % in the thoracic
spine, 16.9 % in the thoracolumbar spine, and
22.8 % in the lumbar and lumbosacral spine.
Three forms of vertebral involvement have be-
en described; peridiscal, central, and anterior.
Two-thirds of the classifiable cases present
with peridiscal involvement, while in more than
50 % of the cases the primary focus can not

be determined because of the extension of the
disease. Progression of the vertebral disease
is usually by direct subperiosteal or subliga-
mentous spread.

Diagnosis

Tuberculosis constitutes a diagnostic chal-
lenge. Diagnosis is usually a long and tedious
process. Usually the clinical manifestation fa-
vors the diagnosis however, diagnosis should
be confirmed by evaluating the radiographic
changes, computed tomography (CT) and
magnetic resonance image (MRI) findings,
cultures of blood, and/or percutaneous verteb-
ral aspirates, then bone biopsy, either by an
open or percutaneous procedure. PPD is pre-
dictive in 86 % ofthe cases. Tc 99 MDP scin-
tigraphy may be negative in 35 % and further-
more Gallium seans could be negative in ne-
arly 70 %. No single imaging finding is pathog-
nomonic of Pott's disease. Slow growth rate of
mycobacteria on solid media is a problem due
to the nature of the mycobacteria and direct
microscopy is insensitive, because samples
may contain only a few organisms. And yet,
low number of mycobacteria are detected at
spine. Diagnostic procedures such as culture,
antigen demonstration, serology tests, and
polymerase chain reaction are of high priority.
The polymerase chain reaction has facilitated
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the diagnosis and management of tuberculo-
sis.

Treatment

There have been discussions on whether
the treatment of choice should be conservati-
ve chemotherapy for 12 months or chemothe-
rapy and surgery combined. Management
should be based on the goals of treatment for
each individual case.

Effective chemotherapy for spinal tubercu-
losis is the gold standard and mainstay of the
treatment and all other methods of treatment
are regarded as supplementary.

Drug Treatment Regimens

The standard triple chemotherapy (isoniazid,
rifampin, and pyrazinamide), should be given for
at least 12 months, rather than the 6- to 9-month
short-term chemotherapy that has been propo-
sed by so me authors. Upadhyay et al reported
that 6 months of three-drug chemotherapy in
conjunction with radical surgery was adequate
for the management of tuberculosis of the spine
because it produced results comparable with 9-
month and 18-month chemotherapeutic regi-
mens, however this should be taken cautiously.
Good general supportive care and an effective
chemotherapy started at the early stages of the
disease are the keys to early and effective era-
dication and minimizing complications.

MRC Working Party showed that the com-
bined standard 18-month chemotherapy with
isoniazid and PAS produced a cure rate of
90% in children, which was identical to the re-
sults obtained with an additional initial 3-
month streptomycin treatment. Ambulant che-
motherapy alone provided treatment oftuber-
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culosis with a minimum increase of kyphosis.
The results of ambulant chemotherapy, howe-
ver, were not always satisfactory .

Surgery

Although chemotherapy is the mainstay in
the management of tuberculosis spondylitis,
surgical procedures stili play an important ro-
le. Problems arising from bone destruction,
paraplegia, and pulmonary insufficiency due
to spinal deformity can not be solved with che-
motherapy alone. Indications for surgical treat-
ment include 1) neurological involvement, 2)
deformity and/or impending increase in defor-
mity, and 3) the presence of large tuberculosis
abscess and/or abundant necrotic tissue.

Abscess, tuberculosis lesion, paraplegia,
and kyphosis, have been managed surgically
by various procedures:

Cold Abscess.

Aspiration or surgical drainage was carried
out for some patients with a large cold abs-
cess because it was thought that evaluation of
the abscess improved the patient's general
condition, and rapid progression of the abs-
cess along the spine was prevented.

Tuberculous destructive lesion.

Two surgical methods-focal debridement
and anterior radical surgery are available to
eradicate the lesion.

1. Focal debridement. Focal debridement
can effectively remove the diseased tissue
and sequestra and also can evacuate the abs-
cess; however, it does not prevent the prog-
ression of kyphosis due to the lack of anterior
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support. Focal debridement and simple abs-
cess evacuation provide no long-term advan-
tage over ambulant chemotherapy alone and
therefore are no longer accepted as a prefer-
red method of treatment.

2. Anterior radical surgery. Anterior radical
debridement and arthrodesis with a strut graft
and chemotherapy has been the treatment of
choice. There is evidence that better results
regarding deformity, recurrence, development
of paralysis, and resolution are obtained when
radical surgery is performed combined with
chemotherapy.

Paraplegia.

During the early phases of the disease with
active infection, possible reasons include di-
rect compression of the neural structures by
the abscess and/or sequestrated bone frag-
ments, direct dural invasion, vascular compro-
mise due to compression or thrombosis, acute
instability, or severe deformity. Direct comp-
ressian by abscess or necrotic tissue is the
most frequent cause of early onset paralysis
and generally has a good prognosis and a re-
latively high probability to resolve with effecti-
ve treatment. Paraplegia due to vertebral tu-
berculous lesion is caused by direct impinge-
ment of the abscess, ischemia due to altered
blood supply, intra dural abscess and kypho-
sis. it is generally known that the recovery ra-
te from paraplegia is influenced by many fac-
tors: the patient's general state, age, and spi-
nal cord condition; the level and the number of
involved vertebrae; the severity of spinal de-
formity; the duration and severity of paraple-
gia; the time to initiation of treatment; the type
of treatment; and drug sensitivity. Paralysis
occurring in children generally have a better
prognosis compared to adults

61

Paralysis lasting longer than 6 months is
most unlikely to improve, and late paralysis
with inactive disease and significant kyphosis
is much less responsiye to treatment. Paraly-
sis due to vascular insufficiency has a worse
prognosis. Several methods have been used
for the treatment of patients with paraplegia:

1) chemotherapy alone,

2) laminectomy,

3) costotransversectomy, and
4) radical surgery.

In the early stages of the disease, paraplegia
caused by abscess can be resolved by effective
chemotherapy alone as by decompressive sur-
gery, however, chemotherapy al one is inapp-
ropriate management of paraplegia in the pati-
ent with advanced tuberculosis and deformity. It
is unfair to allow a patient to lie paralyzed for so-
me weeks to months awaiting a cure through
conservative care. Decompressive laminectomy
will destabilize already instable spine therefore
should not be done. When patients with Pott's
paraplegia and severe spinal deformity do not
respond to chemotherapy and have worsening
neurology, decompressive surgery is indicated
to arrest the progress of paralysis and hopefully
to restore normal neurology.

Kyphosis/Deformity

Tuberculosis kyphosis is an unstable lesion
that tends to progress until there is so und
bony fusion anteriorly. Kyphosis has been ma-
naged by several surgical procedures:

- posterior fusion,
- anterior radical surgery, and

- various combined operations such as a
one-stage, two-stage, or three-stage procedu-
res.
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Each patient should be cautioned about the
high neurologic risk with corrective surgery of
the rigid deformed spine.

Until now, the following surgical procedures
have been practiced by various surgeons:

1. Flexible Kyphosis:
Skeletal traction
Posterior fusion
Anterior radical surgery
Two-stage operation:

Posterior instrumentation followed by ante-
rior radical surgery

Anterior release and grafit, followed by pos-
terior instrumentation

Three-stage operation (anterior release fol-
lowed by posterior instrumentation and dela-
yed anterior radical surgery).

2. Fixed Kyphosis.
One-stage operation

Two-stage operation (anterior release, de-
formity correction and anterior grafit, followed
by posterior instrumentation)

Multi-stage operation (osteotomy, halopel-
vic device, posterior instrumentation and fusi-
on). Skeletal traction for cervical kyphosis.

Posterior fusion for kyphosis. Disproporti-
onate posterior spinal growth has been sus-
pected as a contributing factor in the progres-
sion of kyphotic deformity after management
of spinal tuberculosis by posterior fusion only.

Especially, in children frequently there will
be a loss of the initial gain of correction and
progression of kyphosis after noninstrumented
posterior spinal fusion if anterior fusion is not
achieved. Additional instrumentation seems to
prevent the progression of kyphosis.

Anterior radical surgery for kyphosis. Radi-
cal surgery (Hong Kong Operation) was found
to give better results than focal debridement
for the correction and prevention of kyphosis.
Progression of kyphosis is more observed in
multilevel lesions

Posterior closing wedge osteotomy for
kyphosis (Galveston one-stage operation).
This technique is a very effective one-stage
operation. It involves a modified bilateral cos-
totransversectomy approach to the spine, fol-
lowed by removal of structures in a wedge
shape, including the vertebral arch, the disc,
and aportion of the centrum. The wedge is clo-
sed by posterior compression instrumentation,
enabling an angular correction of 30° to 50°.

Decancellation or corporal eggshell proce-
dure. This posterior close wedge proeedure in-
volves transpedicular curettage or evacuation
of the cancellous bone of the vertebral body,
excision of the posterior elements and posteri-
or wall of the body, and correction of kyphosis
by closing the wedge. This is a highly deman-
ding procedure with additional surgical risks.

Two-stage operations.

1. Anterior radical surgery, followed by pos-
terior reseetion and instrumentation. Yau et al
used Luque instrumentation in a two-stage
procedure to correct the deformity.

2. Combined posterior instrumentation plus
anterior radical surgery for flexible kyphosis
(two-stage operation). This procedure may be
most appropriate for active cases of progressi-
ve kyphosis where the curve is stili flexible.

Prevention and correction of kyphosis and
kyphoscoliosis by posterior instrumentation
has three advantages. Posterior stabilization
of the spine arrests the disease early, enco-
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urages early fusion, and enables correction of
the deformity. The procedure is indicated only
in those patients who are likely to develop or
who have a pre-existing deformity. it is sug-
gested that a formula be used to predict the
kyphosis that will remain at the end of chemot-
herapy to determine if prophylactic or correcti-
ve spinal instrumentation surgery is indicated.
(Rajasekaran formula: Y=a+bX (Y= deformity,
X=pretreatment loss in VB, a= constant value
of 5.5, b= constant value of 30.5))

A two-stage operation, combining posterior
instrumentation and anterior interbody fusion,
can be an option for multisegmental tuberculo-
sis of more than two segments. Instrumentati-
on at a distance from the infective process
restores spinal stability and prevents graft
fracture, slipping, sagging, and resorption. Be-
cause of the anterior column deficiency due to
the anterior column destruction posterior inst-
rumented correction of kyphosis produces an
anterior bone gap that should be reconstruc-
ted by anterior strut graft; otherwise, recollap-
se, instrumentation failure, and recurrent
kyphosis will be inevitable.

After it has been shown that anterior instru-
ments can be used safely at the infected site
in tuberculosis patients there have been re-
ports showing the advantages of anterior radi-
cal debridement strut grafting and anterior
instrumentation.

Of course anti tuberculosis drug treatment
should never be replaced by any kind of sur-
gery alone.
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Anti-TB drugs Mechanism of action
First line drugs Against large population of tb actively mul-
isoniazid bactericidal 5mg/kg tiplying in the walls of the cavity
Rifampicin bactericidal 10mg/kg Isoniasid (bactericidal)
Streptomycin bactericidal 15mg/kg Ritampicin (bactericidal)
Pyrazinamide bactericidal 35mg/kg Streptomycin (bactericidal)
Etambutol bactericidal 30mg/kg Etambutol (bacteriostatic)
Thiacetazone bactericidal 350mg/d Pyrazinamide (ineffective)
Principles Against small population of tb slowly mul-

tiplying inside macrophage and low pH
¢ A combination of at least 3 bactericidal Pyrazinamide (most effective)

antibiotic should be used initially L .
Isoniasid (ineffective)

¢ Isoniasid and Rifampicin are the most ef- . o _
fective and basic combination Rifampicin (ineffective)

« In poor patient compliance Streptomycin (ineffective)
Intermittently multiplying bacilli in solid

* Supervised regimen 2 or 3 times/week :
caseous material

* NEVER less than 6 months _ o _
Only rifampin is active
e |nitially 3-4 drugs for 2 months, then 2

drugs
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