
The Journal of Turkish Spinal Surgery

ORJ�NAL ÇALIÞMA / ORIGINAL ARTICLE

MISSED THORACIC SPINAL FRACTURES IN MULTIPLE TRAUMA
PATIENTS

Yetkin SÖYÜNCÜ1, Murat YILMAZ1, Seçgin SÖYÜNCÜ2, Mustafa ÜRGÜDEN3, 
Feyyaz AKYILDIZ4

ÖZET:

ÇOKLU TRAVMALI HASTALARDA GÖZ-
DEN KAÇAN TORAKAL OMURGA KIRIKLA-
RI

Amaç: Yo¤un bak�m ünitelerinde toraks
travmalar�n�n eßlik etti¤i çoklu travmaya maruz
kalm�ß hastalarda torakal omurgan�n komputeri-
ze tomografi (CT) veya tekrarlayan direkt grafi-
ler ile de¤erlendirilmesinin önemini vurgulamak.

Yöntem: Acil servisten direkt olarak yo¤un
bak�m ünitesine yat�r�lm�ß ve ortalama yaß� 37 (
23- 54 y�l ) olan 6 olgu ortalama 3 gün ( 2-6 gün
) sonra konsülte edildi. Bu olgular�n acil servis
baßvuru formlar� ve ilk çekilen gö¤üs grafileri
de¤erlendirildi. Nörolojik de¤erlendirme Frankel
skalas�na ve k�r�klar�n s�n�fland�r�lmas� Magerl�e
göre yap�ld�.

Bulgular: Acil serviste ilk çekilmiß gö¤üs
grafilerinde torakal omurga k�r�klar� net olarak
görülememißken tekrarlayan gö¤üs grafilerinde
veya CT�lerde bu k�r�klar gösterilmißtir. Olgula-
r�n ortalama Injury Severity Skor�lar� (ISS) 32,16
± 4.30 idi. Omurga k�r�klar�na eßlik eden di¤er
travmalar ise akci¤er kontüzyonu ( 2 ), akci¤er
laserasyonu ( 1 ), hemotoraks ( 6 ), çok say�da
kot k�r�¤� ( 5 ), maksillofasial travma ( 1 ) ve
ekstremite travmalar� ( 3 ) idi. Ortalama entü-

basyon süresi 7,5 gün ( 2-18 gün ) ve ortalama
yo¤un bak�mda kalma süresi ise 13 gün ( 4-24
gün ) idi. Torakal omurga k�r�klar�n�n 2�si Tip A3
( T6 ve T7 ), 1�i tip B1 ( T4), 1�i tip B2 ( T9 ), 1�i
Tip C1 ( T9 ) ve 1�i de ateßli silah yaralanmas� (
T9 ) idi. �lk de¤erlendirilmeleri s�ras�nda 5 olgu-
nun nörolojik düzeyleri Frankel A ve 1 olgunun
ise Frankel E idi. 6 olgunun 5 tanesi ameliyat
edildi ve bu olgulardan 4�ü Frankel A ve 1�i
Frankel E idi. Ameliyat edilen 4 Frankel A olgu-
sundan 2�si Frankel E�ye ilerledi. Frankel A olan
bir olgu ise konservatif olarak tedavi edildi ve
nörolojik durumunda bir düzelme olmad�. 1 olgu
takip döneminde pulmoner emboli nedeniyle
kaybedildi.

Sonuç: Çoklu travmaya maruz kalm�ß olgu-
larda tam ve sa¤l�kl� bir nörolojik muayene yap�-
lamayabilir ve ilk çekilen gö¤üs grafilerinde ins-
tabil torakal omurga k�r�klar� belirgin olmayabilir.
Bu olgulara yo¤un bak�m ßartlar�nda yap�lacak
uygun olmayan müdahaleler, ciddi spinal kord
yaralanmalar�yla sonuçlanabilir. Tekrarlayan
grafiler veya CT ile bu k�r�klar�n erkenden
tan�nmas� önemlidir.

Anahtar kelimeler: torakal omurga, k�r�k,
nörolojik yaralanma, görüntüleme
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SUMMARY

Purpose: To assess the need for repeated
x-ray and computed tomography (CT) of the
thoracic spine for routine clearance of multi-
trauma cases in Intensive Care Unit (ICU).

Methods: Six cases were consulted by aut-
hor at mean 3 days (range 2- 6 days) after ad-
mission to the ICU. The median age was 37
years (range 23-54). The charts and first chest
radiographies of cases were reviewed. The ne-
urological assessment was done using the
Frankel scale and fractures were classified ac-
cording to Magerl.

Results: Thoracic spine fractures were not
shown on first chest radiographs. Repeated x-
rays and CT of the thoracic spine showed frac-
tures of the vertebrae. The average Injury Se-
verity Score was 32,16 ± 4,30. Other injuries
noted at the time of presentation included:
Lung contusion(2), lung laceration(1), haemotho-
rax(6), multiple rib fractures(5), maxillofacial tra-
uma(1) and extremity trauma.

The mean duration of artificial ventilation
was 7,5 days (range 2-18 days) and of ICU tre-
atment was 13 days (range 4-24 days). Missed
thoracic fractures were consisted of type A3 in

two cases (T6 and T7), type B1 and B2 in two
cases (T4 and T9), type C1 in one case (T9)
and gunshot injury in one (T9). Neurological le-
sions were Frankel A in 5 cases and Frankel E
in 1 case at first evaluation. Five of 6 cases we-
re operated, 4 presenting complete paraplegia
and one neurologically intact, only two of 4
complete paraplegic cases made a neurologi-
cal improvement from Frankel A to E and one
case�s status in whom neurologically intact re-
mained normal. One case that had complete
paraplegia was treated conservatively and the-
re was no difference his neurological status at
follow up. One case died at follow-up due to
pulmonary emboli.

Conclusion: The radiological signs may be
minimal or absent during the first assessment
of thoracic spinal fractures. Most importantly, a
full neurological examination may not feasible
at the time of injury in multi-traumatized pati-
ents. This fact has implications for the nursing
care of such cases in the ICU. CT is warranted
in these cases.

Key words: thoracic spine; fracture; neuro-
logical injury; imaging.
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INTRODUCTION

Unstable fractures of the upper and middle
thoracic spine are a therapeutic challenge beca-
use of the high rate of associated injuries and fre-
quent occurrence of spinal cord lesions. Thoracic
spine fractures account for up to 30 % of all spi-
ne fractures, and significant neurological deficits
may be seen in up to 62 % of the patients (2,9).
These patients often suffer from coexisting head
injuries, have multiple extremities fractures and
often sedated or on respiratory support when se-
en in Emergency Service (EC) or ICU. Because
of the priorities of resuscitation, spinal injuries
may escape early diagnosis and neurological
evaluation is often unreliable. The initial portable
chest films are usually inadequate for evaluating
the thoracic spine. Plain films of the thoracic spi-
ne in the polytraumatized patient can be difficult
to interpret or nondiagnostic (8,14) and findings may
be extremely subtle and missed initially(7). Plain
films of the spine in patients with gunshot wo-
unds may significantly underestimate the severity
of injury. Patients are usually filmed on a backbo-
ard and have superimposed pulmonary contusi-
ons, chest tubes, and nasogastric tubes. The up-
per thoracic is especially difficult to assess beca-
use of technical difficulties and the presence of
overlying structures that may obscure visualizati-
on of the vertebral bodies and posterior ele-

ments. Hence, these fractures usually not detec-
ted until later, which may lead to worsening of the
neurological deficit (4). 

The purpose of this study was to assess the
need for repeated x-ray and CT of the thoracic
spine for routine clearance of multi-trauma pati-
ents in ICU in whom conventional radiographs
has revealed no spinal trauma on admission to
emergency department and focused on the as-
sociation between severe thorax injury and spi-
nal cord lesions.

METHODS

Between 2000 and 2005, a series of 20 pati-
ents with thoracic spinal lesions (T-2 to T-10) we-
re identified in our department. Of these patients,
6 were consulted first time at the ICU by author.
Initially, the fractures had been missed in all 6 pa-
tients due to concomitant life-threatening injuries,
resuscitation and intubations. The case records
were reviewed to identify demographic features
of patients (Table-1). Injury Severity Score (ISS)
and abbreviated injury score was calculated for
each patient. Neurological status were evaluated
and recorded as soon as cooperating with the
patient and graded using Frankel scale. 

The initial chest radiographs obtained at the
EC and ICU were reviewed and repeated thorax
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Table-1: Demographic feature of the patients

Patient no Age Sex Consultation ICU (days) Respiratory ISS
(days) support (days)

1 23 F 6 19 5 38

2 27 F 2 12 5 26

3 25 M 2 4 2 30

4 43 M 2 4 2 30

5 50 M 3 15 13 35

6 54 M 3 24 18 34



radiographies and CT were taken to better visu-
alize the fractures. Magnetic resonance imaging
was performed in one patient. 

RESULTS

There were 4 male and 2 female and mean
age was 37 years (range 23-54 years). The mec-
hanism of the injury included 5 vehicular acci-
dents and one gun shot injury. One was T-9 frac-
ture detected 6 days after injury when she repre-
sented with paraplegia as soon as was extuba-
ted. From the patient�s chart it was learnt that she
was neurologically intact at first evaluation in the
EC. The second was missed T-7 fracture initially
that was seen on repeated x-rays of the patient
who consulted for humeral fracture on the se-
cond days. The other patient had T-9 fracture
that had been operated for thoracic gun shot in-
jury in another hospital and subsequently trans-
ferred the ICU.  He was consulted for paraplegia
at the second days. His radiographies did not
show major vertebral pathology but bilaterally pe-
dicle fractures and retropulsion of some bone
fragments to the spinal canal was seen at CT
imaging. The other two patients who had T-9 and
T-4 fractures were also operated at other hospi-
tals for severe thoracic injuries and transferred to
our hospital as intubated without any knowledge
about their neurological status. Neurological defi-
cits of those patients were also determined du-
ring the follow up period in the ICU at the 2nd and
3rd days, respectively.  The last one was T6
burst fracture detected 3 days after injury. His ne-
urological status had been normal at first evalu-
ation in EC but paraplegia was developed at fol-
low up period in ICU. 

The patients were consulted by author at me-
an 3 days (range 2- 6 days) after admission to
the ICU. At the first orthopaedic evaluation, ne-
urological lesions were Frankel A in 5 patients
and Frankel E in 1 patient. Thoracic spine fractu-

res were not shown initially on chest radiographs.
Repeated frontal and lateral x-rays of the thoracic
spine and CT showed fractures of the vertebrae.
The average Injury Severity Score was 32,16 ±
4,30. All six patients with thoracic spinal trauma
had also coexisting trauma consisted of lung con-
tusion (2), lung laceration (1), haemothorax and / or
pneumothorax (6), multiple rib fractures (5), maxillo-
facial trauma(1) and extremity trauma (3). The frac-
ture type, neurological level and type and, conco-
mitant injuries are presented in Table-2.

Thoracopulmonary lesions were observed in
all patients. Chest drainage and ventilatory sup-
port were required in all patients presenting he-
mothorax and /or pneumothorax, bilateral in 2 ca-
ses. The mean duration of artificial ventilation
was 7,5 days (range 2-18 days) and of intensive
care treatment was 13 days (range 4-24 days).
Extra-vertebral orthopedic lesions concerned in 3
patients. One patient sustained right humeral
fracture, one patient had bilaterally clavicle frac-
tures and one had right wrist transscaphoid peri-
lunate fracture-dislocation. All fractures were tre-
ated surgically.

Five of 6 patients were operated at mean 4
days after injury. Open reduction, posterior stabi-
lization and posterolateral grafting was perfor-
med in 4 patients and anterior decompression,
grafting and posterior stabilization and posterola-
teral grafting was performed in one. Before the
operation 4 of 5 patients were presenting comp-
lete paraplegia (Frankel A) and one was neurolo-
gically intact (Frankel E). After the operation, two
of 4 patients made a neurological improvement
from Frankel A to E and other 2 patients� neuro-
logical status unchanged and remained as Fran-
kel A. One patient with Frankel A was treated bed
resting and brace and there was no difference on
his neurological status at follow up period.

Although anticoagulant therapy was adminis-
tered and other preventive measures were taken,

4

Türk Omurga Cerrahisi Dergisi



one patient underwent early surgery died on the
7th day due to pulmonary emboli. 

DISCUSSION

Fractures of the thoracic spine are a common
cause of morbidity and even mortality in the tra-
uma patient, accounting for 25% to 30% of all

spine fractures(11). Only 12% of the patients with
fracture dislocations of the thoracic spine are ne-
urologically intact, and 62% of patients with tho-
racic spine fracture-dislocations have complete
neurological deficits. Thus, early and accurate di-
agnosis is of the upmost importance. 
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Table 2: Summary of findings in six patients with thoracic spinal fractures or dislocations

Patient Concomitant Thoracic fracture Injury Type Neurological 
injuries Level examination

Initial follow up
Maxillofacial fracture; 
multiple extremity 

1 fractures; multiple T-9 Type C1 A            E
rib fractures; 
haemothorax; 

respiratory support

Extremity and multiple 

2 rib fractures; T-7 Type A3 E             E
hemothorax; 

respiratory support

multiple rib fractures; 

3 haemothorax; T-9 Type B2 A             A
respiratory support

Lung laceration; 

4 haemothorax; T-9 Gun-shot A             A
respiratory support

Intraabdominal 

5 haemorrhage; T-4 Type B1 A             A
multiple rib  
fractures; 
hemothorax; 
respiratory support

Head trauma; 
Haemothorax; 

6 multiple rib T-6 Type A3 A              E
fractures; 
extremity 
fracture; 
respiratory support
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Figure 2.Initial supine chest radiograph (A) of a 23-year-old woman who had blunt chest trauma in a motor
vehicle accident; the patient was neurologically intact at the EC evaluation but her neurologic status was
deteriorated in ICU and she demonstrated T9 paraplegia. Control radiography demonstrates acute angulation of
the T9 with displacement of vertebral body fragments producing a ��widened �� T9 body. Computed tomography
confirms a fracture of T9 with lateral translation (B and C).



One of the difficult and time-consuming tasks
in evaluation of the trauma patient is the comple-
te evaluation of the spine. While life-threating in-
juries are being addressed, it is possible to over-
look spine injuries.  

The initial diagnosis of thoracic spinal fractures
based on clinical awareness and plain films. Clini-
cal examination has been the indicator for further
spinal investigation as chest x-rays have been
shown to have a low sensitivity for thoracic injuries
in patients with significant chest trauma(8). In spite
of the careful inspection and palpation of the back,
great difficulty may be encountered in obtaining
the correct diagnosis in patients in whom a neuro-
logical assessment can not be made for unconsci-
ousness, respiratory support or multiple traumas(3).
In our case series, a potentially unstable fracture
might initially go undetected for the potential life-
threatening associated lesions or absence of ne-
urological impairment (Figure 1 and 2). The pati-
ents with trauma were intubated and sedated in
the EC after the initial assessment, which remains
the only available record of the neurological status
on arrival. If detailed assesment could not be do-
ne, it was more appropriate to state that the limited
examination did not reveal any gross neurological
deficit, was normal and the patient should be as-
sessed again. We did not know the neurological
status of the 3 patients on admission and 3 was
neurologically normal but neurologic deficit was
developed two of them subsequently. Spinal frac-
ture was clinically suspected in 5 patients because
of paraplegia at follow up evaluation. However, in
the one patient who was neurologically intact a
spinal fracture was not clinically suspected. As our
study has shown, when the patient is found to be
paraplegic a spinal injury will be suspected. Howe-
ver, when the patient is neurologically intact, a po-
tentially unstable spinal fracture may initially go un-
detected on clinical grounds. 

Woodring et al. reported that in a serious of

100 consecutive patients with mediastinal he-
morrhage following blunt chest trauma, fractures
and dislocations of the lower cervical, thoracic
and upper lumbar spine were causative of the
mediastinal hemorrhage in nine patients. Spinal
injury was clinically suspected in seven patients
because of quadriplegia or paraplegia. However,
in the two patients who were neurologically intact
a spinal injury was not clinically suspected(15). The
multiple trauma rates in another study of 253 spi-
nal injuries with neurological damage, which ne-
eded admission to the ICU, was of 55%. Blunt
chest trauma was found in 86% of the multiple
trauma groups, especially in combination with
fractures of the upper and middle thoracic spine.
Haemopneumothorax was diagnosed in 88%,
pulmonary contusion in 48 % of the cases(5). Van
Beek et al found that the fractures of five (22%)
patients were initially missed in 23 patients with
known thoracic spine fractures(14).  Murphey et al
noted that 10% to 30% of spine fractures are not
shown on spine radiographs (10).

According to ATLS (Advanced Trauma Life
Support) guideline, during initial assessment and
management, roentgenograms should be used
judiciously and should not delay patient resusci-
tation. In the patient with blunt trauma, three ro-
entgenograms should be obtained- cervical spi-
ne, anteroposterior (AP) chest, and AP pelvis.
These films can be taken in the resuscitation
area, usually with a portable x-ray unit, but sho-
uld not interrupt the resuscitation process. During
the secondary survey, open-mouth odontoid and
anteroposterior thoracolumbar films may be ob-
tained with a portable x-ray unit if the patient�s ca-
re is not compromised, and if the mechanism of
injury suggests the possibility of spinal injury. Af-
ter all life-threatening injuries are identified and
treated, complete cervical spine, thoracic, and
lumbar spine films should be obtained. In the pa-
tient with penetrating injuries, an AP chest film
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and films pertinent to the site of wounding should
be obtained(1).

In patients with many injuries, often a CT scan
of the chest, abdomen and pelvis is also done to
rule out visceral injuries and frequently minor spi-
nal fractures are better recognized in these CT
scans than on the plain radiographs(6,13). Rhea et
al. reviewed 329 trauma patients who had the
thoracic and lumbar spines evaluated by plain
films or CT. They found 38 patients in that group
who had undergone both chest CT and thoracic
spine plain films. There were 13 fractures detec-
ted in eight patients. Chest CT had detected all
the fractures; however, thoracic spine plain films
failed to detect five (38%) fractures. They conclu-
ded that helical CT of the chest is superior to pla-
in films of the thoracic spine in fracture detection
and characterization, and that plain films may be
unnecessary in those patients undergoing helical
CT of the chest(12). When we evaluated the initial
x-rays of the patients they were suboptimal qu-
ality and there was failure to obtain adequate se-
ries of thoracic spine radiographs. In our cases
additional diagnostic computed tomography or
magnetic resonance imaging initially might not
be possible due to pressing interventions for life-
threatening complications initially. Secondary
surveys might not be carried out because resus-
citated patients were sent to the intensive care
units. Limited clinical impressions obtained du-
ring the primary survey might be deemed adequ-
ate for several days. This practice could be lead
to failure to recognize the underlying spinal co-
lumn or spinal cord injury. 

In conclusion a delay in the diagnosis of tho-
racic fractures in hospitalized trauma patients is
frequently associated with an unstable patient
condition that necessitates higher-priority proce-
dures than emergency department thoracic spine
radiographs. Such patients should receive spinal
precautions until more complete evaluation can

be performed. Diagnosis of thoracic spine fractu-
res in patients with multiple traumas requires ca-
reful evaluation of the chest radiograph. Emer-
gent chest computed tomography should be ob-
ligatory in thoracic spine fractures if helical- CT is
not suitable. Early diagnosis and intervention
may prevent a catastrophic neurological event.
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DERLEME / REVIEW ARTICLE

ANEVR�ZMAL KEM�K K�ST�

Handan DOÚAN1

ÖZET:

Anevrizmal kemik kisti (AKK); kemi¤in benign
tümör benzeri lezyonlar�ndan biridir. AKK, pri-
mer kemik tümörleri aras�nda % 1 oran�nda iz-
lenmektedir. AKK�nin % 11-20 oran�nda omurga
tutulumu gösterdi¤i bildirilmißtir. Bu çal�ßman�n
amac�; omurgada izlenen anevrizmal kemik kis-
ti olgular�n� klinik, radyolojik ve patolojik özellik-
leri bak�m�ndan irdelemek ve omurgada izlenen
di¤er lezyonlarla karß�laßt�rarak do¤ru teßhis
koymada yard�mc� olacak ay�r�c� tan�lar�n� tart�ß-
makt�r. 

Anahtar kelimeler: omurga, anevrizmal ke-
mik kisti.

SUMMARY:

Aneurysmal bone cyst (ABC) is one of the
benign tumor-like lesions of the bone. ABC ac-
counts for one percent of the primary bone tu-
mors in the bone. Eleven percent of aneurysmal
bone cyst have been reported to occur in the spi-
ne. The aim of this paper is to study aneurysmal
bone cyst cases in the spine with respect to the-
ir clinical, radiological and pathological features.
Such cases have been compared with other spi-
ne lesions to display their distinctive characteris-
tics for accurate diagnosis and proper treatment.

Key words: spine, aneurysmal bone cyst.
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TANIM

Anevrizmal kemik kisti (AKK), kemi¤in benign
tümör benzeri lezyonlar�ndan biridir. Lezyonun
reaktif (non neoplastik) veya neoplastik olup ol-
mad�¤� ve bu ba¤lamda kemik hastal�klar� s�n�f-
lamas� içindeki gerçek yeri hala tart�ßma konu-
sudur(19,24).

AKK ilk kez 1944 y�l�nda Jaffe taraf�ndan tarif
edilip adland�r�lm�ßt�r. Jaffe�nin �benign anevriz-
mal kemik kisti� terminolojisini bulmas�nda Ja-
mes Ewing ile olan yak�n� ilißkisinin etken oldu¤u
öne sürülmektedir. James Ewing, anevrizmal
özellikler gösteren malign kemik tümörünü Jaf-
fe�ye benzer ßekilde �malign kemik anevrizmas��
olarak adland�rm�ßt�r. Bu son antite ßimdi telen-
jektatik osteosarkoma olarak bilinmektedir(17).

Genelde kistik bir lezyon olmas�na ra¤men
AKK�nin solid varyant� da tarif edilmißtir. AKK�nin
solid varyant�, ilk kez Sanekin ve arkadaßlar� ta-
raf�ndan 1983 y�l�nda tan�mland�r�lm�ßt�r(21). Sa-
nekin ve arkadaßlar� üçü omurgada, biri etmoid
kemikte olmak üzere, dört vaka sunmußlard�r.
1992�de, Bertoni ve arkadaßlar�, 200 AKK olgu-
sunun 15�inin solid varyant oldu¤unu göstermiß-
lerdir(4).

PATOGENEZ

AKK�nin patogenezi tam olarak bilinmemek-
tedir. Baz� olgularda lezyonun travma sonras�
olußan k�r�¤� veya subperiostal hematomu taki-
ben gelißti¤i izlenmißtir(7). Baz� olgularda ise kis-
tin daha önce var olan bir kemik lezyonundaki
hemodinamiklerin de¤ißmesi sonras�nda gelißti-
¤i gözlenmißtir. Bu prekürsör lezyonlar, genellik-
le benigndir ve AKK benzeri alanlar içerdikleri
saptanm�ßt�r(24). Bu lezyonlarda AKK minör kom-
ponenttir. Kondroblastom, dev hücreli tümör, fib-
röz displazi, nonossifiye fibroma, osteoblasto-
ma, kondrosarkomada makroskobik ve mikros-
kobik olarak AKK görünümünde alanlar izlenebi-
lir(3). Bir çal�ßmada, 123 AKK olgusunun %

28�inin sekonder oldu¤u tespit edilmißtir. Mirra
ise olgular�n yar�s�nda prekürsör lezyonun izle-
nebildi¤ini gözlemlemißtir(18). Ancak, baz� geniß
serilerde AKK�nde alttaki prekürsör lezyon izlen-
memißtir(23). Bunun sebeplerinden biri olarak lez-
yondan s�n�rl� say�da örnek al�nmas� ve al�nan
örneklerin de prekürsör lezyonu temsil etmeme-
si düßünülmüßtür. Di¤er bir neden ise h�zl� büyü-
yen bir lezyon olan AKK �nin prekürsör lezyonu
tümüyle ortadan kald�rmas� olabilir(18). Bir düßün-
ceye göre de AKK�nin kanla dolu kistik boßluklar
içerdi¤inden, arterivenöz bir malformasyon ola-
bilece¤i yolundad�r(24). Özetlemek gerekirse ge-
nel düßünce AKK�nin travma veya prekürsör bir
lezyon ile baßlayan bir vasküler anomali oldu¤u
yolundad�r(18). Bu lezyonlarda insülin-benzeri ge-
lißim faktörü-1 saptanm�ß ve patogenezde rol
alabilece¤i düßünülmektedir(16).

AKK�lerinde subtipinden ba¤�ms�z olarak ran-
domize olmayan sitogenetik abberasyonlar�n
varl�¤� saptanm�ßt�r. Bu da en az�ndan baz�
AKK�lerinin gerçek neoplazmlar oldu¤unu dü-
ßündürmüßtür(22).

GÖRÜLME SIKLIÚI,YER� VE YAÞI

Primer kemik tümörleri aras�da % 1 oranda
izlenir. AKK komponenti içeren di¤er antiteler de
eklendi¤inde görülme s�kl�¤� % 2�ye ç�km�ßt�r(18).
AKK daha fazla vertebra ve yass� kemikleri tut-
ma e¤iliminde olup daha az olarak uzun kemik-
lerin metafizinde de izlenir(6,20). Mayo Klinikte in-
celenmiß olan 341 AKK olgusunun % 19.7�sinin
omurga ve sakrum yerleßimli, % 9.1�inin distal
femur, % 9.1�inin proksimal tibia yerleßimli oldu-
¤u saptanm�ßt�r(24). Ayn� seride lezyonun % 4.4
sakrum, % 2.9 lomber, % 5.9 torakal, % 6.5 ser-
vikal tutulum gösterdi¤i saptanm�ßt�r. Bir baßka
seride de AKK�nin % 11 oran�nda vertebray� tut-
tu¤u gözlenmektedir(6). Lezyon omurgay� tuttu-
¤unda genellikle posterior elemanlara yerleßme
e¤ilimindedir. Gene omurga tutulumunda lezyo-

12

Türk Omurga Cerrahisi Dergisi



nu birden fazla vertebray� tutmas� s�k rastlan�lan
bir durumdur.

AKK, ço¤unlukla 10-20 yaß aras�nda ortaya
ç�kar. Her iki cinsi eßit oranda tutma e¤iliminde-
dir.

KL�N�K BULGULAR

Omurgay� tutan di¤er lezyonlarda oldu¤u gibi
AKK�de de klinikte en s�k izlenen semptom s�rt
a¤r�s�d�r. % 95 olguda s�rt a¤r�s�na rastlanmak-
tad�r(6). S�rt a¤r�s� ve üç ay gibi k�sa bir süre için-
de lezyon yerinde ßißlik gözlenmektedir. Omur-
gada sertleßme ve skolyoz, rastlan�lan di¤er
semptomlard�r. AKK rüptürü sonras�nda pnömo-
toraks rapor edilmißtir.

GÖRÜNTÜLEME YÖNTEMLER�

AKK�ni tan�mak için kullan�lan görüntüleme
yöntemleri X-ray, bigisayarl� tomografi (BT),
magnetik rezonans görüntüleme (MRG) ve arte-
riografidir. Arteriografi ile kan ile dolu olan büyük
boßluklar� görüntülemek mümkün olabilir. Bilgi-
sayarl� tomografi ile periferde kemik k�l�f içeren
litik lezyon izlenir. Lezyon içinde s�v�-s�v� seviye-
sinin bulunmas� AKK için karakteristiktir, ancak
spesifik de¤ildir. MRG ile lezyondaki internal
septalar bal pete¤i (�honeycomp�) görünümünde
izlenir ve s�v�-s�v� seviyesi mevcuttur. Septalar�n
görüntülenmesi olguyu di¤er kistik içi s�v� dolu
olgulardan ay�rmada yard�mc� olur.

PATOLOJ�S�

AKK ortopedistler taraf�ndan genellikle bol
kanamal� kaviter bir lezyon olarak tarif edilir.
Lezyon radyolojik olarak daha büyük görünmesi-
ne karß�n patolo¤a daha küçük bir doku gelmesi
karakteristik bir özelli¤idir. Kürete edildi¤inde k�r-
m�z�, kahverengi fragmanlar, fibröz septalarla
ayr�lm�ß, içi kan dolu kistik boßluklar içerdi¤i gö-

rülür. Nadiren solid bir lezyon izlenir. Solid lez-
yon k�rm�z� granüler görünümdedir.

Mikroskobisinde, kanla dolu izlenen büyük
boßluklar vard�r. Bu kistik boßluklar endotelyal
dößeyici epitel içermezler ancak fibroblast, miyo-
fibroblast ve histiyositlerden olußan hücre grubu
kistik yüzeyleri s�n�rlar. �¤si hücrelerin ßißkin nük-
leuslar� vard�r, ancak hiperkromazi göstermez-
ler. Hücrelerde zaman zaman çok say�da mitoz
izlenebilir. Bu hücreler kistik olußumlar� birbirin-
den ay�ran septay� doldururlar(1). Yüzeyin hemen
alt�nda s�ra halinde osteoklastik dev hücreler gö-
rünürler. Septa, kan damarlar� ve fokal olarak
osteoid ve kemik içerir. Diagnostik öneme sahip
olan bir di¤er özellik de dejenere kalsifiye fibro-
mikzoid dokunun depolanmas�d�r(23).

AYIRICI TANI

AKK, h�zl� gelißim gösterdi¤i için; radyolojik
ve patolojik olarak kemik harabiyeti yapmas� ve
hücresel özellikleri nedeniyle malign tümör ile
kar�ßabilir(18). Özellikle tipik radyografik özellikleri
göstermeyen solid tümörlerde ay�r�c� tan� daha
zordur ve mutlaka histopatolojik olarak de¤erlen-
dirilmeleri gerekmektedir.

AKK�nin ay�r�c� tan�s�nda dev hücreli tümör
(DHT), telenjektatik osteosarkom, düßük gradeli
osteosarkom, tüberküloz, fibröz displazi, eozino-
filik granülom, Ewing sarkom/PNET ve osteob-
lastom vard�r(12).

Dev hücreli tümör:

DHT sakrum lokalizasyonludur. Kemik matü-
rasyonunu tamamlad�ktan sonra gelißir. 19 ya-
ß�n alt�nda nadiren izlenir. Oysa AKK, 10-20 yaß
aras�nda izlenir. Genellikle vertebra korpusunda
(%50�nin üstünde) yerleßim gösterir. AKK, mik-
roskobisinde bazen çok say�da benign dev hüc-
re izlenir. Böyle bir mikroskobik tablo ile karß�la-
ß�ld�¤�nda olguya yanl�ßl�kla DHT tan�s� verilebi-
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lir. AKK�nde mikroskobide dev hücreler arkas�n-
daki zeminde hücrelerin fibrojenik özellikte olma-
s� ay�r�c� tan�da önemlidir(18).

Telenjektatik osteosarkom;

Küçük büyütme ile bak�ld�¤�nda telenjektatik
osteosarkomun AKK�e benzer görünümde oldu-
¤u izlenmektedir. Ancak hücresel özelliklere da-
ha yak�ndan bak�ld�¤�nda telenjektatik osteosar-
komda stromay� olußturan hücrelerde belirgin
hücresel atipi ve mitoz vard�r. AKK�nde ise hüc-
resel atipiye rastlanmaz.

Düßük gradeli osteosarkom (OS):

AKK�nin solid varyant� düßük gradeli osteosa-
kom ile kar�ßt�r�labilir. Tümör hücreleri aras�nda
izlenen dens kollajen AKK�de izlenmez. OS ma-
lign bir lezyon olmas�na ra¤men hiposelüler gö-
rünümdedir ve AKK�de daha aktif mitoz izlenir.

Osteoblastom:

Agresif seyirli neoplastik osteoid olußturan bir
tümördür. Osteoblastom, ikinci ve üçüncü dekat-
larda ortaya ç�kar. Posterior elemanlar ve pedi-
küllerde yerleßme e¤ilimindedir. En çok lomber
vertebrada izlenir. Bu tümör lokalizasyonu nede-
niyle AKK ile kar�ßabilir. Radyolojik olarak ay�r�c�
tan�ya gitmek mümkün olmayabilir. Mikroskobik
olarak lezyon fibröz stroma içinde neoplastik os-
teid olußturmaktad�r. AKK ile histolojik ayr�m�n�
yapmak mümkündür.

Eozinofilik Granülom (Histiyositozis X):

Daha çok torasik omurgada lokalize olan lez-
yon AKK gibi 20 yaß�n alt�daki hastalar� etkiler.
Ancak hastal�¤�n ortalama görülme zaman� 4
yaß 10 ayd�r. Eozinofilik granülom daha küçük
çocuklarda görülme e¤ilimindedir. Hastalarda
ateß, kilo kayb� gibi sistemik bulgular mevcuttur.

Posterior elemanlar� tutar. Radyolojik olarak
ay�rmak zaman zaman güç olabilir. Ay�r�c� tan�
için doku örneklerine ihtiyaç vard�r. Aç�k biyopsi
veya perkutanöz i¤ne biyopsisi yap�ld�¤�nda his-
tolojik ayr�m� kolayd�r.

Ewing sarkom/PNET

Ewing sarkom/PNET�de gene lokalizasyon
ve görülme yaß� (ortalama 16.5) aç�s�ndan akla
gelmelidir. Radyolojisinde litik lezyon periferinde
sklerotik alan vard�r ve genellikle yumußak doku
kitlesi mevcuttur. % 80 olguda nörolojik defisit ve
radikülopati gelißir. Sedim yüksekli¤i, anemi gibi
sistemik bulgular vard�r. Mikroskobide histolojik
olarak AKK�den ay�rmak zor de¤ildir.

Tüberkülozu histolojik olarak AKK�den ay�r-
mak mümkündür. Tüberkülozda ortas�nda kaze-
ifiye nekroz bulunan Langhans dev hücreleri ve
epitelioid histiyositlerin olußturdu¤u tipik granü-
lom yap�lar�n� izlemek mümkündür. 

Vertebral tutulum nadir olan fibröz displazide
mikroskobik olarak daralm�ß, k�vr�nt�l�, ßekil de¤i-
tirmiß kemik trabekülleri aras�nda farkl� selülari-
teye sahip fibröz doku izlenmektedir. 

Mikroskobik ay�r�c� tan�lar�n çok olay oldu¤u
baz� lezyonlarda bile materyalin k�s�tl�l�¤�, doku
artefaktlar� ay�r�c� tan�y� zorlaßt�rabilir. Bu olgu-
larda özellikle klinikopatoljik korelasyonun önemi
artar. Ortopedist, radyolog ve patolog bu aßama-
da olguyu birlikte de¤erlendirmelidir.

TEDAV�

Embolizasyon AKK tedavisinde baßar� ile kul-
lan�lan yöntemlerden biridir(12). Bir çal�ßmada 24
olgunun 19�unda baßar�l� sonuç al�nm�ßt�r(8). Ge-
rekti¤inde embolizasyonu tekrar etmek suretiyle
baßar� ßans�n� artt�rmak mümkün olabilir. Bu
yöntem uyguland�¤�nda nöroljik defisit olußmad�-
¤� gözlenmißtir. Baz� otörler operasyon s�ras�nda
veya preoperatif olarak embolizasyon yap�lmas�-
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n�n aß�r� kan kayb�n� önlemek amac�yla baßar�y-
la kullan�labilece¤i görüßündedir(10,11,13).

Tedavide baßar� ile kullan�lan bir di¤er yön-
temde düßük doz  radyasyon kullan�lmas�d�r(12).
Burada uygulanan doz 30Gy den düßük oldu-
¤undan radyoterapideki gelißmeler sayesinde
minimal yan etki olußur ve baßar�l� tedeviyi müm-
kün k�lar. Sadece radyasyon tedavisi gören va-
kalarda % 50 baßar�s�zl�k tespit edilmiß. Ayn� ça-
l�ßmada cerrahi rezeksiyon veya küretaj tedavi-
sine radyoterapinin eklenmesin faydas� görül-
memißtir(6).

Cerrahi rezeksiyon ve küretaj lezyonu eradi-
ke etmede baßar�yla kullan�lmaktad�r. Lezyon
tam olarak ç�kar�lamasa da genellikle tümör
kontrolünü sa¤lar. Sadece küretaj uygulanan ol-
gular�n dörtte birinde lezyon tümüyle ç�kar�lama-
d�¤� için rekürrens izlenmißtir(25). �En bloc� rezek-
siyon veya küretaj sonras�nda kemik grefti ko-
nulmas� ile daha iyi sonuçlar al�nabilmektedir(14).
Fibromikzoid alanlar ve immatür osteoid içeren
lezyonlar�n daha fazla rekürrens olußturma e¤ili-
minde olduklar� gözlenmißtir(9).

Preoperatif olarak embolizasyon veya radiyo-
terapi yap�lmad�¤�nda tümör yata¤�ndaki vaskü-
larite nedeniyle operasyon s�ras�nda aß�r� kana-
ma gelißebilir.
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OMURGA CERRAH�S�N�N ÖNCÜLER� -3/FRONTIERS OF THE SPINAL SURGERY-3

PAUL RANDAL HARRINGTON

Esat KITER1

SUMMARY :

Paul Harrington one of the most famous
spine surgeons of the 20th century. He deve-
loped an spinal instrumentation system and
correction concept for spinal deformities. Alt-
hough Harrington instrumentation was not the
first metallic internal device for spinal defor-
mity, it was the one that succeeded.  He paid
big attention to education and he spent great
effort to share his knowledge and experience
with spine surgeons. His pioneering legacy
has a great importance in the history of spine
surgery.

Key words: Harrington, HRSF, idopathic
scoliosis.

ÖZET :

Paul Harrington 20 yüzy�l�n en önemli
omurga cerrahlar�ndan birisidir. Omurga de-
formiteleri için spinal enstrumantasyon sistemi
gelißtirmiß ve deformitenin düzeltilmesi ile ilgili
baz� kavramlar� tan�mlam�ßt�r. Harrinton enst-
rümantasyonu omurga cerrahisi tarihinde uy-
gulanan ilk internal tesbit olmasa da, belirgin
baßar�l� sonuçlar� olan ilk cihazd�r. Kendisi e¤i-
time çok önem veren bir bilim adam� olarak,
omurga cerrahisindeki bilgilerini ve tecrübele-
rini paylaßmak için çok çal�ßm�ßt�r. B�rakt�¤�
miras omurga cerrahisinin tarihinde önemli bir
yere sahiptir.

Anahtar kelimeler: Harrington, HRSF, ve
idiyopatik skolyoz.

17

1 Pamukkale Üniversitesi T�p Fakültesi Ortopedi ve Travmatoloji Anabilim Dal�, Denizli.

2006; 17 (3): 17-19



Omurga cerrahisinde deformitenin düzeltil-
mesi konusunda Paul Harrington�un katk�lar�,
ßu an ki güncel konsepte ulaßmada önemli bir
yer tutar. Günümüzde,  paylaß�mc� kißili¤iyle
ve daha da önemlisi ad�yla an�lan klasikleßmiß
enstrümantasyon sistemiyle en çok tan�nan ve
bilinen omurga cerrahlar�ndan birisidir. Ancak
onun da hayat� ilginç tesadüfler ile yönlenmiß
ve belki ummad�¤� bir alanda bu kadar söz sa-
hibi bir konuma gelmißtir. 

Paul Randal Harrington, 1911 y�l�nda ABD-
Kansas dünyaya geldi. Üniversite e¤itimine
basketbol bursu ile Kansas üniversitesinde
baßlad�. �lk hayali fizyoterapist olmak iken spor
bölünün koçu taraf�ndan t�p okumaya yönlen-
dirildi. Kansas Üniversitesi T�p Fakültesinden
1938 y�l�nda mezun oldu ve 1942-1945 y�llar�
aras�nda, II dünya savaß�n�n sürdü¤ü y�llarda
orduda çal�ßt�. Savaß bittikten sonra ABD-Ho-
uston doktorluk yapt�. Bu dönemde ilgi alan�
daha çok karß�laßt�¤� hastal�k grubu olan polio
oldu ve özellikle bu hasta  grubunda omurga
deformitelerinin düzeltilmesi ile solunum fonk-
siyonlar�n�n düzelmesi üzerine çal�ßmalar yap-

t�. Kendisinin tan�m�yla bu dönem polio�nun
epidemik oranlara ulaßt�¤� ve y�lda 300000 ye-
ni polio vakas�n�n gözlendi¤i bir dönemdir. Öy-
le ki polio hastalar�na özel kliniklerin kurulma-
s�n� gerektirecek ßekilde olgu say�lar� fazlad�r.
Polio hastalar�n�n skolyoz problemlerinin ya-
n�nda eßlik eden kardiopulmoner problemleri-
nin varl�¤� poliolu hastalara özel solunumsal
rehabilitasyon merkezlerinin de kurulmas�na
neden olmußtur. 

Dr Harrington 1950�lerin baßlar�nda Texas
Institute for Rehabilitation and Research�da
çal�ßmaya baßlad�. Bu klini¤in polio bölümü-
nün, 1953 y�l�nda ülkenin ikinci büyük solu-
mum rehabilitasyon klini¤i oldu¤unu kendisi
ifade eder. Dr. Harrington, bu dönemde bir or-
topedist olarak bu gibi hastalara bir ßeyler
yapmak gerekti¤inin fark�na vard�. �lk deneme-
leri k�sa basit müdahalelerle skolyozu düzeltip
faset vidas� ile faset eklemleri tespit etmek
ßeklinde oldu. Ama bu yöntemin baßar�s�zl�¤�-
n�n fark�na k�sa zamanda vard�. 1950�lerin or-
talar�nda orthotist ve mühendis olan Thorkild
J. Engen ile birlikte spinal enstrümantasyon
setini olußturmaya baßlad�. Bu sistem ile daha
öncesinde faset vidas� ßeklinde olan internal
fiksasyon sistemi kompresyon ve distraksiyon
güçlerinin de uygulanabilece¤i kanca ve rotla-
ra dönüßmüßtür. Aslen Danimarkal� olan En-
gen, 1924 y�l� Danimarka do¤du. E¤itimini Da-
nimarka�da tamamlad�ktan sonra 1952 y�l�nda
ABD ye geldi ve 1954 y�l�nda Texas da South-
west Poliomyelitis Respirology Center da ça-
l�ßmaya baßlad�. �lk implantlar el yap�m�d�r ve
Engen taraf�ndan ya da ameliyattan bir gün
önce Dr. Harrington taraf�ndan yap�lm�ßt�r. Er-
gen�in de katk�lar�yla çengel ve rot kombinas-
yonundan olußan set  Zimmer  Firmas�
taraf�ndan �Harrington Spinal seti� ßeklinde
1958 y�l�nda piyasaya ç�kt�. 

Dr Harrington�un erken dönemde bu imp-
lantla baßarmak istedi¤i e¤rili¤i dinamik olarak
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düzeltmekti. Ancak implanta yönelik kompli-
kasyonlar�n s�kl�¤� nedeniyle prosedürün füz-
yon ile çok daha baßar�l� oldu¤unu farketti. Bu
arada implant� gelißtirmek ve daha uygun me-
taller kullanmak ad�na bir çok çal�ßma yapt�.
Faset fiksasyonundan dönemin güncel imp-
lant�na gelinceye kadar 47 kez sette de¤ißiklik-
ler yap�lm�ßt�r. Bu de¤ißikliklerin ço¤u çengel
dizayn� ve metal üzerine olmußtur. Nihai ola-
rak setin 1959 y�l�nda son ßekline geldi¤ini ifa-
de eder. Harrinton�un seti her ne kadar ticari
olarak piyasaya sürülmüßse de setin kullan�m�
ile ilgili kat� k�s�tlamalar vard�. Belli bir e¤itim-
den geçmeyen cerrahlar seti sat�n al�p kulla-
nam�yordu.   Dr Harrington  ülkesinin bir çok
yerini gezerek deformite düzeltme konusun-
daki görüßlerini ve tecrübelerini meslektaß-
lar�yla paylaßmaya baßlad� ve bu konuda
e¤itim verdi.  

Cerrahi yetene¤inin yan�nda iyi bir golf
oyuncusu, ve daha sonra kullanabilece¤i bir
katamaran bot�u dizayn edebilecek kadar

mühendislik yetene¤i gelißmiß birisi idi. Skol-
yozun cerrahi tedavisine yönelik gelißtirdi¤i
omurga seti bir çok omurga problemlerinin
cerrahi tedavisinde de kullan�ld�. Günümüzde
tarihsel bir önem taß�yan Harrington seti, hem
implant dizayn�, hem de felsefesi ile omurga
hastal�klar�n�n cerrahi tedavisine çok katk�s�
olmußtur. 
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CORRECTION OF CONGENITAL KYPHOSIS USING PEDICLE
SUBTRACTION OSTEOTOMY 

Hossam SALAH, Youssry ELHAWARY

Summary: Seventeen patients with conge-
nital kyphosis underwent correction using a
pedicle subtraction osteotomy.

Background: These were 11 females and
6 males. The mean age at the time of surgery
was 18.4 years. Two patients presented with a
neurological deficit. The preoperative kypho-
sis angle ranged 40°-122° (mean 78°). Twelve
patients were type 1, 3 were type II, and 2 we-
re type III. The operative technique involved
creating a wedge in the apical body, the appli-
cation of multilevel posterior instrumentation
and the use of a cantilever correcting force.

Methods: The mean correction angle was
57.4° that was well maintained into the latest
follow up (33 -70 months). Three complicati-
ons developed in 2 patients. One developed a

partial neurological deficit 48 hours after sur-
gery that completely recovered. Another deve-
loped an infection that required surgical debri-
dement, only to return three months later with
pull out of the proximal construct. This requ-
ired revision surgery, with an uneventful pos-
toperative course.

Conclusion: Pedicle subtraction oste-
otomy is a useful technique in the correction of
congenital kyphosis; with preservation of the
anterior cortex of the wedge, the use of a long
posterior instrumentation, and the application
of a cantilever corrective force, excellent
results are obtained with an acceptable rate of
complications. This is achieved without the ad-
ded morbidity of an additional anterior app-
roach.
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THE EFFECT OF MID-THORACIC VEPTR OPENING WEDGE
THORACOSTOMY ON CERVICAL-THORACIC CONGENITAL SCOLIOSIS

Robert M. CAMPBELL, Jr. SMITH, JW SIMMONS, BR COFER, SC INSCORE, C GROHMAN

Purpose: Cervical thoracic congenital sco-
liosis can result in severe head tilt and decom-
pensation. Treatment with traditional spine fu-
sion/osteotomy is complex, hazardous, and
causes loss of growth of the involved spine.
VEPTR patients with cervical-thoracic scoli-
osis, surprisingly, seem to have improved cli-
nical head alignment following mid-thoracic
thoracostomy. This study was undertaken to
evaluate the reason for this improvement.

Methods and Material: Patients with seve-
re congenital C/T curves and TlS due to thora-
cic scoliosis and fused ribs treated with mid-
thoracic VEPTR opening wedge thoracostomy
were studied. Radiographs were assessed for
angle of the C/T curves, the compensatory
curves distally, thoracic and head decompen-
sation, and cervical tilt.

Results: 14 patients: 8 male/6 female. Avg
age at surgery was 4.04 yrs (1.5 - 12.5 yrs).
Avg. F/U was 3.3 years (2-5.5 yrs). The cervi-
co-thoracic curves avg. 76° (51°-132°) pre-
implant, 59 post-implant and 56 at F/U. The

compensatory curves avg 40° pre-implant, 38°
post-implant, and 33° at F/U. Head decom-
pensation avg. 3.4 cm pre-implant, 1,0 cm
post-implant, and 1.5 cm at F/U. The cervical
tilt angle avg 33° pre-implant, 27° post-imp-
lant, and 26° at F/U. Frontal decompensation
was 3.5 cm pre-implant, 1.1 cm post-implant,
and 1.9 cm at follow-up. All spines grew in
length. 5 pts had no complications. 9 pts:
asymptomatic migrations - 6 rib cradles/4 spi-
nal hooks; 2 - S hook fractures, 3 wound infec-
tions, 1 skin slough, 1 transient brachioplexo-
pathy, 1 rib avulsion.

Discussion: The clinical improvement in
alignment from mid-thoracic VEPTR opening
wedge thoracostomy seems due to mostly to
cervico-thoracic curve improvement rather
increase in the distal compensatory curve.
VEPTR mid-thoracic thoracostomy may be a
way to control difficult cervico-thoracic curves
in young children, allowing growth, so that
definitive fusion can be preformed more safely
later in life.

22



The Journal of Turkish Spinal Surgery

ORAL PRESENTATION

SURGICAL TREATMENT OF NEGLECTED CONGENITAL SCOLIOSIS VIA
POSTERIOR APPROACH

Cuneyt MIRZANLI, Mehmet AYDOGAN, Ufuk TALU, Azmi HAMZAOGLU

Purpose: Purpose of this study is to evalu-
ate the results of surgeries performed via pos-
terior approach only for the treatment of neg-
lected congenital scoliosis. 

Materials and Methods: Thirty-two pati-
ents aged 7-29 (mean,18.3) years were ope-
rated. Seventeen of 32 patients had associ-
ated intramedullary abnormalities including di-
astomatomyelia and tethered cord (10 pati-
ents), only tethered cord (6 patients) and retet-
hering (1 patient). In 6 patients, correction-
instrumentation and posterior fusion; in 8, pos-
terior total or subtotal vertebrectomy; in 10,
posterior pedicle substraction osteotomy; in 7,
posterior total wedge osteotomy and in 1, mul-
tiple posterior vertebral osteotomies were per-
formed. The patients without intramedullary
pathologies and who underwent to posterior
correction-instrumentation and posterior fusi-
on, traction radiography under general anest-
hesia was performed to evaluate the trunk im-
balance necessitating posterior additional os-
teotomy. Treatment of intramedullary patholo-
gies was done in all patients in the same ses-
sion of anesthesia. Correction and stabilizati-
on were achieved by posterior pedicle screws.

Titanium mesh cages were used in patients
with residual anterior gap and anterior column
support.

Results: Average follow-up period was 4.7
(3-10) years. In three patients, the superficial
wound infection; in two patients, transient lo-
wer extremity paresis was seen. The fusion
was achieved in all patients and neither imp-
lant failure nor pseudoarthrosis was observed.

Conclusion: During the diagnosis and tre-
atment planning of Iate diagnosed or neglec-
ted congenital scoliosis cases, excellent and
high-technology neuroradiologieal investigati-
ons are mandatory. Especially in thoracolum-
bar and thoracic deformities with prominent
coronal plane deformity without intramedullary
pathologies, traction roentgenograms under
general anesthesia helps surgical planning in
terms of elimination of anterior surgery. The
treatment of intramedullary pathologies in the
same surgery is another advantage of this
kind of surgery. However, long operation time,
risk of infection and cerebrospinal fluid
leakage after the operation constitute the
disadvantages.
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EVALUATION OF THE RESULTS OF CONCAVE RIB OSTEOTOMY IN THE
CORRECTION OF THE ADOLESCENT IDIOPATHIC SCOLIOSIS CURVES

Mir Mostola SADAT, Mohammad Javad ZEHTAB, Hooman BAKHSHI, Mohsen KARARNI

Study Design: Prospective outcome
analysis following Concave Rib Osteotomy
(CRO) in correction of thoracic adolescent idi-
opathic scoliosis (AlS) curves.

Objective: To compare the correctional ef-
fect of CRO in a matched cohort of AlS pati-
ents.

Summary: Thoracic scoliosis curves pro-
duce ribs deformity that accompanying ster-
num make a finally rigid cage that prevent cor-
rection of scoliosis curve.

Methods: We prospectively followed the
preoperative and final postoperative follow-up
results of an age-and curve-matched cohort of
24 consecutive thoracic scol�osis. Twelve we-
re treated with posterior fusion and instrumen-
tation without CRO and twelve were treated
with posterior fusion and instrumentation and
CRO. AII patients had a minimum 2-year fol-
low-up. CRO was done in intermediate curva-
ture of main thoracic curve with the same inci-
sion of the posterior fusion (range, 5-7 ribs).

Results: There was no statistically signifi-
cant difference with regard to the preoperative

age of the patients, main curves, flexibility in-
dexes of main curve, sagittal Curvature and
fusion levels between two groups . Operating
time averaged 170 minutes in the CRO(-) gro-
up and 190 minutes in the CRO(+) group (P
value: 0.08). Average intraoperative blood los
s was 1223 ml. in the CRO(-) group and
1300ml. in the CRO(+) group (P value: 0.1).
After surgery, average major curve correction
was 69.5 % in the CRO(-) group and 78.7 % in
the CRO(+) group (p value, 0.007). There we-
re two pneumothorax detected postoperatively
in which one needed chest tube insertion.
There was not any chest wall pain at final fol-
low-up visit in the CRO(+) group.

Conclusion: By considering preventing ef-
fect of the deformed chest wall in corrective
surgery of AlS curves, CRO provides an simp-
le technique to perform corrective scoliosis
surgery without significant difference in the
operating time or intraoperative blood loss by
using the same incision of posterior thoracic
fusion.
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THE EFFECTS OF CONCAVE RIB OSTEOTOMY ON PULMONARY
FUNCTION IN PATIENTS WITH ADOLESCENT IDIOPATHIC SCOLIOSIS

Abla Mohamed Hamed SALEH, Youssry Kamal EI HAWARY, Mohmamed EI MASRY

Subjects: A prospective study of 127 pati-
ents who underwent posterior spinal arthrode-
sis and segmental spinal instrumentation with
iIiac crest bone graft for correction of adoles-
cent idiopathic scoliosis. Patients were divided
according to their Cobb angle into two groups.
Group 1 (n= 78) with a Cobb angle >70 who
underwent an additional concave rib oste-
otomy (CRO) and group 2 (n= 49) with a Cobb
angle <70 who did not (NCRO). All patients re-
ceived pulmonary rehabilitation program post
operatively. Vital capacity [VC] and peak expi-
ratory flow rate [PEF] were measured pre-ope-
ratively, at 3 months and 12 months postope-
ratively.

Summary: Concave rib osteotomy techni-
que is used for giving more mobility and flexi-
bility of the spine during correction especially
in rigid and severe curves. Only a few studies
in the literature have looked at the effect of
concave rib osteotomy on pulmonary function.

Results: - Curve correction: The mean
Cobb angles at the preoperative and final fol-
low up for group-1(CRO) were 82.2° and 10.9°
respectively (87 % correction). In group-2
(NCRO), the mean Cobb angle was 62.77 %
preoperatively and 6.9 % at the final follow up
(89% correction achieved).

- Pulmonary function: Preoperative: There
was no singinficant difference between the 2
groups; 3 Months Postoperative: The mean
VC was 40.4 % in group 1 & 48.05 % in gro-
up-2 [p=0.05]. The mean PEF was 27.38 % in
group 1& 34.1% in group 2. [p = 0.02];

12 Months Postoperative: The mean VC in
group 1 was 102.4 % versus 103.5 % in gro-
up-2 [p = 0.43].The mean PEF in group-1 was
76.2 % versus 73.5 % in group 2[p = 0.32]

Conclusions: Concave Rib Osteotomy
technique has a definite effect on the pul-
monary function in the immediate post-
operative period. However, this difference
resolves with time and both groups had
asimilar outcome a year postoperatively.
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VERTEBRECTOMY OR TRANSPEDICULAR OSTEOTOMY AND
INSTRUMENTATION VIA POSTERIOR APPROACH ONLY IN PEDIATRIC

SPINAL DEFORMITIES

Omer KARATOPRAK, Ufuk TALU, Mehmet TEZER, Azmi HAMZAOGLU

Introduction: Vertebrectomy and instru-
mentation via posterior approach only is being
increasingly used especially in the surgical tre-
atment for sagittal plane deformity. This app-
roach is also useful in combined, sagittal and
frontal plane deformities. Purpose of this ret-
rospective study is to evaluate the clinical and
radiological results of (hemi) vertebrectomy
and instrumentation only via posterior appro-
ach in various pediatric spinal deformities and
pathologies.

Materials and Methods: Between the ye-
ars of 1998 and 2002, 29 patients had verteb-
rectomy and interbody fusion using posterior
instrumentation with or without titanium mesh
cage (TMC) via only posterior approach. Of
those 19 were pediatric patients. Deformity
was due to congenital malformation in 15 (2
scoliosis, 5 kyphosis, 8 kyphoscoliosis), Eh-
lers-Danlos Syndrome in one, mucopolysac-
caridosis in one, posttraumatic kyphosis in
one and neurofibromatosis in one patient. The
age of the patients ranged from 2 to 15. All pa-
tients had one or two level vertebrectomy via
posterior approach (5 thoracal, 8 thoracolum-
bar, 6 lumbar). TMC was used for anterior co-

lumn support and interbody fusion in patients
who had residual anterior gap preventing bo-
ne to bone contact. Correction and stabilizati-
on were achieved by posterior pedicle screws.

Results: Average follow-up is 2.8 (2-5) ye-
ars. We did not state any loss of correction,
pseudoarthrosis, TMC collaps or implant failu-
re. We had one superficial infection which res-
ponded well to debridment and antibiotics,
one incomplete left lower extremity paresia
due to dural buckling and complete recovery
was achieved. Three months after revision
surgery, three acute transient pancreatitis and
one acute tubular necrosis with complete re-
covery. All these complications were in conge-
nital deformity patients.

Conclusion: Although longer follow up is
needed vertebrectomy and instrumentation
via posterior approach only is a good one-
stage surgical treatment option which avoids
the surgical trauma and morbidity related to
anterior surgery. However, it is a demanding
surgical procedure requiring extreme care and
experience in spine surgery.
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IMPLICATION FOR MELATONIN AND ITS RECEPTOR IN THE SPINAL
DEFORMITIES OF HEREDITARY LORDOSCOLIOTIC RABBITS (LSR)

Satoshi SOBAJIMA, Akihiro KIM; Ichiro BABA; Kiyoto KANBARA; Yoshihiro Munaeki ABE

Study Design: The relationship between
melatonin system and the spontaneous deve-
lopment of the spinal deformities in LSR, the
natural animal model for idiopathic scoliosis,
was studied.

Objectives: To examine the implication for
melatonin and its receptor in the spinal defor-
mities of the natural animal model, Hereditary
Lordoscoliotic Rabbit (LSR).

Summary of Background Data: We previ-
ously reported radiological and histological
studies investigating the etiology of spinal de-
formities in a breed of Japanese White Rabbit,
the Hereditary Lordoscoliotic Rabbit (LSR).
These animals develop thoracic lordoscoliosis
during growth and as such can be used as a
model for human idiopathic scoliosis. White
previous studies in chickens have established
that pinealectomy produces scoliosis, the ca-
use of the condition is yet to be fully elucida-
ted.

Methods: Serum melatonin levels in LSRs
were measured by RIA and compared with
those of Japanese White rabbits (Controls).

The expression of melatonin receptor in the
rabbit was detected by homology cloning in or-
der to access the number of the melatonin re-
ceptor mRNA in the rabbit spinal cord by qu-
antitative RT-PCR.

Results: Serum melatonin levels in LSRs
were significant higher than those of controls
in each period until 20 weeks. We detected
the expression of melatonin receptor mRNA in
rabbit spinal cord. However, no significant qu-
antitative differences in the level of expression
of melatonin mRNA in the spinal cord between
LSRs and controls.

Conclusions: In relation to the present
study, we suggest that causes of spinal defor-
mities in LSR may be due to the contribution
of melatonin receptors as well as that of al-
tered serum melatonin levels in LSR. Further
studies will be required to investigate the exp-
ression of melatonin receptor in other tissues
of LSR as well as to delineate the role of
melatonin in the pathogenesis of idiopathic
scoliosis.
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EXPRESSION OF COMPONENTS OF THE FGF SIGNALING PATHWAY IN
POSTNATAL MOUSE VERTEBRAL GROWTH PLATE 

Atiq A. DURANI, Chitra L. DALIA, Eric MAHONEY, Christopher WYLIE

INTRODUCTION: Idiopathic scoliosis is
the most common type of spinal deformity. lt is
thought to occur from unsynchronized growth
of the vertebral growth plates.

AIM: The goal of this study is to find out
how cell signaling pathways control symmetri-
cal growth of vertebrae during postnatal life.

METHODS: FVB mice were selected from
1-9 weeks of age and their longitudinal growth
was determined by measuring the lengths of
the mice at one-week intervals. Vertebra and
knee joints were removed from 1-4 weeks old
male mice and immediately frozen. 10 cm
cryosections in the coronal plane were collec-
ted from the thoracic vertebrae and knee jo-
ints, and histological analysis was carried out
by staining with hematoxylin and eosin. Immu-
nolocalization of FGF-2, the activated form of
FGFR, and its downstream signaling molecu-
le, the di-phosphorylated form of ERK 1/2
[Di(p)-ERK1/2] was carried out on cryosecti-
ons.

RESULTS: Maximum longitudinal growth
of the mice was observed between 1-4 weeks
of age. Histological analysis of the vertebrae
and tibia revealed the spatial organization of

the chondrocytes in the growth plate. Immuno-
localization revealed that FGF-2, the active
form of FGF, was found in the Iate proliferating
and hypertrophic chondrocytes layer. The ac-
tivated receptor for FGF (Fig. A & B) as well as
its downstream signaling molecule was obser-
ved only in the hypertrophic and apoptotic
chondrocytes in both vertebral and tibial
growth plates.

INFERENCE: Active signaling of FGF in
the hypertrophic and apoptotic zone of the
vertebral growth plate suggests its involve-
ment in the hypertrophy and apoptosis of
chondrocytes which then leads to the ossifica-
tion of the matrix laid down by the growth pla-
te chondrocytes.

SIGNIFICANCE: Understanding the mole-
cular biology of postnatal vertebral growth pla-
te development will allow future understanding
of the defect(s) that cause scoliosis and will-
lead to development of novel therapies for
management of these growth related disor-
ders.

Expressian of FGFR in mouse vertebral (A)
and tibial (B) growth plate.
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THE EFFICANCY OF CORRECTION OF RIGID NEUROFIBROMATOSIS
DEFORMITIES USING THREE DIMENSIONAL INSTRUMENTATION

AUGMENTED WITH SUBLAMINER WIRES

Wael KOPTAN, Hazem EISEBAIE, Yasser EIMILGUI

Study Design: Of 17 patients with dystrop-
hic spinal deformity resulting from neurofibro-
matosis who were treated surgically between
1997 and 2002.

Objectives: To study the efficacy of cor-
rection of these rigid neurofibromatosis defor-
mities using three dimensional instrumentati-
on augmented with sublaminar wires.

Summary of Background Data: The sur-
gical management of dystrophic spinal neuro-
fibromatosis is a demanding procedure with
uncertain results. Several difficulties are pre-
sent in such patients including the poor bone
stock and the angular nature of these curves.

Methods: All patients had a two staged
procedure; an anterior release followed one
week latter by posterior instrumentation aug-
mented by sublaminar wires. The wires were

placed immediately below the proximal anchor
and several sublaminar wires at the apex of
the deformity.

Results: The mean Cobb angle of the ma-
in curve was 62.2° before surgery which was
corrected to an average of 29°. Patients were
followed-up for at least 2-years. The loss of
correction had an average of 5°.

These results were compared to the litera-
ture and were found to be equal with a less
amount of loss of correction.

Conclusion: The use of extensive and vi-
gorous anterior release with posterior sub-
laminar wires has proved useful and effective
in the treatment of these difficult cases, imp-
roving the correction achieved and decreasing
implant related complications.
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COMBINATION OF LUQUE INSTRUMENTATION WITH SCREWS IN
TREATMENT OF MYELOMENINGOCELE KYPHOSIS 

Selim YALCIN, Baris KOCAOGLU, Ahmet Hamdi AKGULLE, Bulent EROL

Introduction: Most investigators agree
that kyphotic deformity in myelomeningocele
should be treated with vertebral resection.
Vertebral osteotomy with insertion of poly-axi-
al screws at the lumbar site in combination of
segmental spinal instrumentation by Luque
technique has been the author's procedure of
choice.

Materials and methods: Between June
1997 to June 2003, 22 patients who had a
myelomeningocele and severe kyphotic defor-
mity were operated with resection of the lordo-
tic segment at the apical site. The later 7 out
of 22 were operated with a new technique.
There were 3 female and 4 male patients. The
average age at the time of the operation was
7,1 (range: 6-9). All patients were available for
follow-up, with a minimum of 24 months and
average follow-up of 35.1 months (range: 24-
48 months). Poly-axial screws were used pos-
terolaterally in combination of segmental Lu-
que instrumentation which was wired to the

thoracic spine and anterior to the sacrum.

Results: Kyphotic deformity averaged 104°
(range: 85°-120°) before the surgery, 15,2°
(range: 10°-35°) after the surgery and 18,5°
(range: 10°-40°) at the latest follow up. The
loss of correction was 3, 3° (range: 0°-5°). The
average blood loss was 611, 4 ml (range: 230-
1500). Complications occurred in 2 of 7 pati-
ents which were superficial wound breakdown
and deep wound infection that required rotati-
onal flap closure.

Conclusions: Kyphectomy with posterior
instrumentation by using Luque technique with
the combination of poly-axial screws is an al-
ternative method of correcting rigid kyphotic
deformity in patients with myelomeningocele.
Rigidity of the construct, greater correction
capacity and low profile instrumentation by the
help of posterolateral insertion of the poly-
axial screws and wiring were the distinct ad-
vantages of this technique.
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THE EFFECT OF PEDICLE EXPANSION ON PEDICLE MORPHOLOGY AND
BIOMECHANICAL STABILITY IN THE IMMATURE PORCINE SPINE

Muharrem YAZICI, Murat PEKMEZCI, Akin CIL, Ahmet ALANAY, Emre ACAROGLU, 
F. Cumhur ÖNER

Purpose: Pedicle screws have become the
implant of choice in spinal fixation. Secondary
to the small vertebra sizes of pediatric patients
and difficulty in finding appropriate screw si-
zes, they found limited use in pediatric spine.
Dilation of the pediatric pedicles may overco-
me the limitation secondary to discrepancy
between screw sizes. However, there is no
data in the literature regarding dilation capa-
city of pediatric pedicles to enable larger pedi-
de screw fixation. The aim of this study is to
evaluate the feasibility of sequential dilation of
the immature pedicles by dilators and to deter-
mine the biomechanical stability of screws pla-
ced in these expanded pedicles.

Methods: Two-month-old domestic pig
vertebrae were used. The vertebra were dis-
sected off their soft tissues and split into equ-
al halves. The right pedicles were dilated with
stainless steel dilators just before there is vi-

sual evidence of pedicle failure. The left pedic-
les served as control group. The inner and ou-
ter diameters of the pedides were measured
on the CT seans before and after dilation. The
hemivertebrae were embedded into acrylic ce-
ment and the pedides were instrumented with
3.5 mm pedicle screws at thoracic level and
4.0 mm pedicle screws at lumbar level. The
pull out strength of each screw was measured
with a materials testing machine.

Results: The dilation procedure resulted in
an increase in both inner (2.59±0.75mm to
3.32±0.58mm) and outer diameters
(5.43±0.95mm to 6.21±0.96mm) (p<0.0I).

Conclusions: This study demonstrated
that immature pedicles can be expanded by
application of serial dilators. However, dilation
significantly decreases the pull out strength of
the pedicle.
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COMPARISON OF VERTEBRAL PURCHASE STRENGTH FOR SEGMENTAL
TRANSLATION OF PEDICLE SCREWS, SUBLAMINAR WIRES, PEDICLE

HOOKS AND ANCHORED PEDICLE HOOKS AGAINST 45-DEGREE
POSTEROLATERAL PULL-OUT FORCES 

Nazir Cihangir ISLAM, Ensor TRANSFELDT, Thomas STEFFEN, 
James D. SCHWENDER, Lara COHEN

Introduction: Anchoring of pedicle hooks
to the lamina or endplate provides improved
stability and increased pull out strength. Studi-
es compared anchored pedicle hooks to stan-
dard pedicle hooks as well as pedicle screws
against posteriorly directed pull out force. Ho-
wever, scoliosis correction creates a postero-
lateral resultant force. The goal of this study
was to perform mechanical testing simulating
the posterolateral force created with the trans-
lational correction of scoliosis.

Methods: After the measurement of BMD,
26 fresh frozen human cadavers were instru-
mented with Colorada Pedicle Hook (CPH),
CPH-Staple (CPHS), USS-Pedicle Hook
(USSPH), Colorado Pedicle Screw (CPS), and
Luque Sub-Laminar Wire (LSL W) in the un-
constrained but only the hooks were used in
the constrained study. Pull outs were perfor-
med in 450 posterolaterally with MTS Mini Bi-
onix Model Machine. The lower platform was
free in all movements in horizontal plane in un-
constrained but blocked during the constra-
ined part of the study. The upper arm restric-
ted only rotation in the unconstrained but per-

mitted only for hinge movement around the
rod during the constrained part of the study.

Results: Load Displacement Curves (LDC)
of CPH and CPHS showed similar characteris-
tics as observed in CPS and USSPH. Diffe-
rences in failure forces among CPHS
(430±118), USSPH (603±328), and CPS
(592±293) were insignificant, however, LSL W
(788±290) and CPH (175±93) were signifi-
cantly different from others in unconstrained
part of the study. In the constrained part, no
difference was observed between CPHS
(442±164) and USSPH (560±213). Only CPH
(288±189) increased its strength.

Conclusion: LDC of CPH and CPHS
shows that the latter maintains its hook pro-
perties but increases its strength with addition
of the staple however USSPH resembles
CPS. While CPHS and USSPH were showing
significantly higher strength than CPH during
the unconstrained pullouts they maintained
their strength and failure patterns in const-
rained system. CPH and CPHS didn't violate
the neural structures during pull outs.
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SELECTIVE FUSION WITH SEGMENTAL PEDICLE SCREW FIXATION IN
SINGLE THORACIC IDIOPATHIC SCOLIOSIS

Patrizia PARISINI, Mario DISILVESTRE, M. BAKALOUDIS, G. Lolli Ma

Objective: A retrospective study.

Materials and Methods: Our study inclu-
ded 28 patients (25 females, 3 males) with
single thoracic adolescent idiopathic scoliosis
(Lenke type- 1A: 10, type-1B: 18), surgically
treated from 1998 to 2003 using pedicle screw
instrumentation. The average age at operation
time was 16.3 years. The lowest instrumented
vertebra corresponded to one level shorter
than the stable vertebra in 10 cases, to two le-
vels shorter in 10, to three levels shorter in 3
and to the stable vertebra in 5 cases.

Results: (Average follow-up of 3.2 years:
range, 2.2 to 4.2) The mean pre-operative tho-
racic curve of 64.1° was corrected to 20.6° at
follow-up (correction of 67.8 %). The mean
thoracic apical vertebral translation (AVT) sho-
wed a correction of 75.5 %, from pre-operati-
ve 4.9 cm to 1.2 cm at follow-up. The lumbar
curve had a spontaneous correction from the
mean pre-operative value of 38.1° to 18.1° at

foIlow-up (52.4 % of correction). Out of 420
thoracic screws, 6 of them (1.6 %) were found
to be misplaced without consequences. We
observed 5 cases (17 %) with unsatisfactory
radiographic results. In one case (Lenke IB:
King III) there was an excessive correction of
the thoracic curve. In the other four patients
(Lenke IA: King IV) the distal fusion level was
performed two or more levels proximal to stab-
le vertebra.

Conclusions: In thoracic curve King IV or
Lenke 1A type, the distal fusion level shorter
two or more levels than stable vertebra has a
high risk of postoperative adding on phenome-
non. In thoracic curve Lenke-1B or King III
type, the distal fusion level shorter one or two
levels than the stable vertebra showed good
results. In Lenke-1B curves the excessive cor-
rection of thoracic curve can be cause of pos-
toperative trunk decompensation.
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EARLY SURGICAL TREATMENT FOR SPINAL DEFORMITIES IN PATIENTS
YOUNGER THAN 10 YEARS

Mario DISILVESTRE, Patrizio PARISINI, Tiziana GREGGI, Alberto CIONI, 
Stefano GIACOMINI, Georgeos BAKALOUDIS, Francesco LOLLI

Objective: A retrospective study of early
and aggressive surgery for early onset spinal
deformities

Methods: This study included a consecuti-
ve series of 35 patients (13 males, 22 females)
aged at operation time 6,1 years (range, 1 to
10).

Twenty-six cases underwent a planned an-
terior and posterior surgery; in two cases we
performed an "in situ" artrodesis whereas the
remaining 7 patients were treated by a poste-
rior fusion and using pediatric segmental inst-
rumentation.

Results: At an average follow-up of 4 years
(range: 2 to 9 years) we observed that in 16
patients treated by planned anterior convex
epiphysiodesis and posterior instrumentation,
15 showed no progression and 1 a mild prog-
ression of deformity.

In the 8 cases treated by planned anterior
hemivertebra resection and posterlor instru-
mentation we observed solid fusion in all; the
remaining 2 particular cases (1 cervical kypho-
sis due to neurofibromatosis and 1 sacrum
agenesia) were both treated by planned ante-
rior fusion and posterior instrumentation resul-

ting in stable fusion. Both patients treated by
an "in situ" artrodesis registered a severe
progressions of the deformity.

For the 7 cases treated only by posterior
instrumented fusion we found in 3 a mild prog-
ression and in 1 a severe progression of defor-
mity. We performed 10 revision procedures,
worth mentioning the fact that 7 occurred to
the posterior only group.

We observed only one neurological compli-
cation in a 2 years old girl presented a severe
postoperative paraparesis.

Conclusions: Planned anterior convex
epiphysiodesis or hemivertebra resection
supplemented by posterior segmental instru-
mentation, can control curve progression in
early onset spinal deformities better than pre-
vious techniques, such as in situ posterior
fusion and subcutaneous instrumentation. The
present experience confirms that the progres-
sion of severe, early onset spinal deformities
which are often a result of congenital or infan-
tile scoliosis, can be avoided through early and
aggressive surgery, even in very young child-
ren.
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EVALUATION OF SINGLE GROWING ROD WITH PROXIMAL DOUBLE
CLAW CONSTRUCT FOR EARLY ONSET SPINAL DEFORMITIES

Hazem EL SEBAIE, Yasser EL MILIGUI, Wael KOPTAN

Study Design: A technical report evalu-
ating the results of a newly described const-
ruct aiming to add stability for the single rod
growing instrumentation.

Objectives: To evaluate the outcome of
this technique, amount of correction achieved
and associated complications in the manage-
ment of paediatric spinal deformities from dif-
ferent etiologies.

Summary of Background Data: The cho-
ice of using dual or single growing rods has
been controversial in this evolving procedure.
Changing the configuration of the construct le-
ads to variation in the overall results. 

Methods: Eleven patients with progressive
pediatric scoliosis (idiopathic, congenital,
syndromic and neurofibromatosis) underwent
instrumentation without fusion using a novel
construct consisting of a single rod, proximal
double claw construct and distal pedicle

screws. The average age at surgery was 5 ye-
ars 9 months. The preoperative curve measu-
red an average of 74°. All patients had poste-
rior instrumentation with five patients having
anterior annulotomy one week beforehand.

Results: The average curve immediately
after surgery was 36° and at the final follow up
the curves measured 40° over a minimum fol-
low up period of 2y 2m during which an avera-
ge of 5.3 distractions/ patient were done. Over
the course of treatment, implant related prob-
lems complicated 6 out of 70 procedures. Two
unplanned surgeries were done for complica-
tions occurring during the follow up period.

Conclusions: The use of this novel const-
ruct in single growing rods improves the
amount of correction, increases stability and
decreases the incidence of proximal construct
pull out in comparison to previously reported
single growing rod results.
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COMPLICATIONS OF DUAL GROWING ROD TECHNIQUE IN EARLY ONSET
SCOLIOSIS: CAN WE IDENTIFY RISK FACTORS?

Behrooz A. AKBARNIA, Marc A. ASHER, Ramin BAGHERI, Oheneba BOACHIE-ADJEI,
Sarah K. CANALE, Patricia N. KOSTIAL, David S. MARKS, Richard E. MCCARTHY,

Michael J. MENDELOW, Connie POE-KOCHERT, Paul D. SPONSELLER, 
George H. THOMPSON

Purpose: To identify factors influencing
complications in patients with early onset sco-
liosis (EOS) who underwent the dual growing
rod technique.

Methods: Between September 1987 and
August 2003, 48 patients with EOS underwent
initial surgery and had a minimum of 2 years
follow-up, with 29 patients developing compli-
cations. Complications were divided into 4
groups: implant, wound, alignment, and gene-
ral. Relations analyzed included age at sur-
gery, diagnosis, curve magnitude, initial cor-
rection, follow-up length, and lengthening fre-
quency.

Results: Fifty-five complications occurred
in 29 patients. Twenty-seven implant, 14 wo-
und, 5 general and 9 alignment-related comp-
lications occurred. Eighteen complications re-
sulted in 23 unplanned procedures. Thirty-se-
ven complications were addressed during
planned procedures. Average age of the un-
complicated group was 81.9 mos and 61.5
mos in the complicated group. Average follow-
up of the uncomplicated group was 46.6 mos
compared to 67.1 mos in the complicated gro-
up. Average interval between lengthenings
was 8.1 mos (uncomplicated group) versus

11.8 (complicated group). Both groups had an
average Cobb angle >70° prior to initial sur-
gery. Diagnosis was insignificant except for In-
fantile Idiopathic Scoliosis (llS), where 8 of 9
total patients had implant-related complicati-
ons. The implant complication group had 5 of
27 complications requiring unplanned surgeri-
es. Six deep infections occurred. Additionally,
2 of 3 wound problems evolved into deep in-
fections and 2 of 4 superficial infections beca-
me deep.

Conclusion: At initial surgery, younger pa-
tients had higher complication rates. More
complications occurred with longer treatment
periods. Most implant problems were addres-
sed during planned surgeries. High correlation
existed between diagnosis (llS) and implant-
related problems. Patients whose lengthening
intervals were ≤7 mos had fewer implant
complications but more wound complications.
Patients whose intervals were ≥7 mos had
more implant complications but fewer wound
complications. Wound problems should be
addressed aggressively to prevent deep
wound infections. This technique has a high
but manageable complication rate.
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TRANSPEDICULAR EXPANDED EGGSHELL TECHNIQUE VERTEBRAL
COLUMN RESECTION FOR SERIOUS RIGID KYPHOSCOLIOSIS IN ADULTS

Yan WANG, Xuesong ZHANG, Zheng WANG

Objectives: To report a technique of trans-
pedicular expanded eggshell technique ver-
tebral column resection (VCR) through a sing-
le posterior approach and its preliminary re-
sults in the treatment of severe congenital ri-
gid kyphoscoliosis to adults.

Summary of Background Data: Transpe-
dicular eggshell osteotomies and vertebral co-
lumn resection is a formidable operation reser-
ved for rigid severe deformities. The authors
devised a technique combined two techniques
in treatment of adult congenital kyphoscoliosis
through a single posterior approach.

Methods: Sixteen serious rigid congenital
kyphoscoliosis deformity adult patients were
reviewed, who were treated by posterior trans-
pedicular expanded eggshell technique VCR,
6 males and 10 females with a mean age of
31.8 (range 21.5-44.2 years old). Three-di-
mensional reconstructive images were used
for preoperatively osteotomy levels selecting
and accurately pedicle screws placing. The
surgery consisted of one-stage posterior
transpedicular eggshell technique, and then

expanded the eggshell to the adjacent inter-
vertebra space, range of resection of the ver-
tebral column at the apex of the deformity, inc-
luding AV and both cephalic and caudal adja-
cent wedge vertebra. Posterior elements were
removed, after completion of the VCR, closu-
re was obtained by gradually cantilever and
compression technique.

Results: Average 1.6 vertebra were resec-
ted. Mean operation time was 256 min with
average blood loss of 2250 ml. Mean 32 mm
shorten was measured during operation, and
22 mm lengthen in standing post-operation. In
this group, average follow-up was 2.6 years
(range 2.1-3.5 years). Deformity correction
was 52.3 % in the coronal plane and 75.1 in
the sagittal plane. Complications were en-
countered in 4 patients: 2 transversal spinal
injury and 2 root injuries (all incomplete).

Conclusions: Posterior transpedicular ex-
panded eggshell technique VCR is an effec-
tive alternative for serious congenital rigid
kyphoscoliosis in adults.
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CERVICAL OSTEOTOMY IN ANKYLOSING SPONDYLITIS: EVALUATION OF
NEW DEVELOPMENTS

Danielle LANGELOO, DD LANGELOO, HL JOURNEE, M. DEKLEUVER

Objectives: Here we study the role of two
new developments in cervical osteotomy in
patients with cervical kyphosis due to ankylo-
sing spondylitis: internal fixation and subsequ-
ent avoidance of a halo-cast, and improved
applicability of transcranial electrical stimula-
ted motor evoked potential monitoring (TES-
MEP).

Methods: From 1999-2004, 16 patients un-
derwent a C7-osteotomy with internal fixation.
ln 11 patients, cervical osteotomy was perfor-
med in a sitting position with halo-cast immo-
bilization (group-S), 5 patients underwent sur-
gery in prone position with Mayfield clamp fi-
xation (group-P) with post-operative immobili-
zation by cervical orthosis. TES-MEP was
applied using one reference bilateral recording
site above the surgical level (trapezius musc-
le) and 3 bilateral recording sites below the
surgical level. To reduce disturbing stimulus
artifacts, the iso-potential lines of these elect-
rical stimulus artifacts were determined in an
experimental setting.

Results: Consolidation was obtained in all
patients without loss of correction. One patient
died 6 weeks post-operatively. In-group-P,

longer fusion towards T4-T6 could be obtained
that created a more stable fixation. TES-MEP
was successfully performed during all surgeri-
es. In total, 9 neurological events were regis-
tered. Additional surgical intervention resulted
in recovery of amplitudes in 6 of 9 events. In
two patients spontaneous recovery took place,
in one patient a partial C6 spinal cord lesion
occurred. At the TES-MEP trapezius muscle
recordings, stimulus artifacts occurred in 2 pa-
tient. By placing the recording electrodes on
the iso-potential lines, improved recording co-
uld be achieved by approximately 65 %.

Discussion: The results of this case-series
iIIustrate the vulnerability of the spinal cord
and the high physiological demands on pati-
ents we conclude that C7 osteotomy with in-
ternal fixation has been shown to be a reliable
and stable technique. When surgery is perfor-
med in prone position, distal fixation can be
optimally obtained allowing post-operative
treatment by cervical orthosis. TES-MEP
monitoring has been shown to be a reliable
neuromonitoring technique and of high clinical
relevancy.
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PRE AND POST-OPERATIVE ANALYSIS OF LUMBOSACROPELVIC
JUNCTION RADIOLOGICAL PARAMETERS IN PATIENTS WITH SEVERE

LOCALIZED KYPHOSIS

Olcay GULER, Ufuk TALU, Cuneyt SAR, Azmi HAMZAOGLU, Unsal DOMANIC

Introduction: Radiological parameters re-
lated to the sagittal balance of the spine and
lumbosacropelvic junction in healthy individu-
als have been extensively analyzed and nor-
mal range of values have been defined. Ho-
wever, to our knowledge, these parameters
have not been investigated in a population of
patients with a pure sagittal plane deformity.
Thus, the purpose of this study is to focus on
the compensatory changes in these parame-
ters in response to a kyphotic deformity and
results after corrective surgery and restoration
of sagittal balance.

Methods: All positional [local kyphosis
(LK), cervical lordosis (CL), thoracic kyphosis
(TK), lumbar lordosis (LL), sagittal plumb line
(PL), pelvic tilt (PT), sacral slope (SS), lumbo-
sacral angle (CLSA), LS- incidence angle
(ILS), pelvic-radius SI angle (PRSl)] and ana-
tomic [sacral inclination angle (SI), pelvic inci-
dence (PI)] radiological parameters were me-
asured by two independent spine surgeons in
20 patients with severe, angular, lower thora-
cic or thoracolumbar kyphotic deformity before
and after corrective spine surgery. The avera-
ge age was 30.4 (18-48) and minimum follow-
up was 2 years. Statistical analysis were per-

formed by paired t-test with significance at
p<0.05.

Results: Pre and postop average LK at lo-
wer thoracic or TL spine was 62.6° (19°- 120°)
and 14.9° (-7°-70°) respectively. Pre and pos-
top measurements for the parameters that we-
re affected by the deformity and changed for
compensation were found as follows. Preope-
ratively; CL: -26.4° (-75°-20°), PT: 9.7° (-18°-
38°), SS: 27.6° (-3°-48°), LSA: 19.8° (5°-34°),
lLS: 11.4° (-10°-48°), PRSI: 41° (7°- 64°), SI:
43° (22°-64°), PI: 36.2° (7°-82°). Postoperati-
vely; CL: -26.9° (-59°-20°), PT: 11.3° (-7°-38°),
SS: 30.2° (13°-52°), LSA: 16° (5°-28°), lLS:
IS.5° (-2°-S2°), PRSI: 45.2° (9°-70°), Si: 46.3°
(34°-66°), PI: 41.1° (16°-80°). There was no
statistically significant difference in the pre and
postop measurements of lumbosacropelvic
junction radiological parameters.

ConcIusion: Despite significant correction
of the deformity and statistically significant dif-
ferences in average pre and postop LK, TK
and LL, there are no significant adaptiye chan-
ges in lumbosacropelvic junction radiologic
parameters after surgical correction in patients
with severe thoracolumbar kyphotic deformity.
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THE IMPORTANCE OF PELVIC INCIDENCE IN DETERMINING A RELAVANT
PARAMETER IN SAGITTAL BALANCE OF THE SPINE

Khalil KHARRAT, Gaby KREICHATI

Study design: This is a retrospective chart
review of patients with fixed flat lumbar spine
operated by lumbar osteotomies to restore
their sagittal balance.

Purpose: To evaluate the reliability of the
parameter Pelvic Incidence to determine the
amount of lumbar lordosis needed for resto-
ring and preserving the sagittal balance of a
patient operated by correction of his fixed lum-
bar spine.

Summary of backround data: Lumbar
Lordosis is not a fixed figure for all people. lts
amount is specific and particular to each indi-
vidual. Mrs Duval-Beaupere showed a relation
between Pelvic Parameters: Pelvic Incidence,
Pelvic Tilt, Sacral Slope and the Sagittal Spine
Parameters particularly Lumbar Lordosis

Introduction: ln case of correction of a fi-
xed flat back, the problem is to know what is
the amount of Lumbar Lordosis we need to
obtain for the patient we operate, to restore
and preserve his sagittal balance.

Material: Twelve patients operated on for
fixed unbalanced sagittal spine were revi-
ewed. 

- Five flat back after Harrington instrumen-
tation.

- Six Ankylosing Spondylitis.

- One severe rheumatic disease.

- F-up was from 2 to 8 years to all patients
but one with 1 year F-up

Methods: The methods used were: 7 Pos-
terior Osteotomies, 4 Trans pedicular osteoto-
mies and 1 Posterior vertebral column resecti-
on.

The first eight cases were operated without
any referral to the sagittal parameter of Mrs.
Duval Beaupere: Pelvic incidence, Pelvic tilt,
Sacral slope and lumbar lordosis.

The 4 last cases were operated with a me-
ticulous referral to these parameters which al-
low us to restore a Lumbar Lordosis according
to the Pelvic Incidence of the patient.

Results: The quality of the results we had
is very different depending on the period of ti-
me we have done this surgery. For the eight
first patients the sagittal plan restored was not
ideal. Imbalance increases in four of the eight
patients at the last follow-up.

For the last 4 patients, in whom the Lumbar
Lordosis restored corresponded to the Pelvic
lncidence of the patient, the Sagittal Balance
of the patient was well restored and preserved
at the last follow-up.

Conclusion: The Sagittal Parameters of
Mrs. Duval-Beaupere: Pelvic incidence, Pelvic
tilt, Sacral slope and lumbar lordosis are
relevant means for restoring and preserving
the sagittal balance of spine for patients with
fixed flat back operated by lumbar os-
teotomies.
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PERCUTANEOUS TRANSPEDICULAR FUSION WITH AGF IN THE
TREATMENT OF TRAUMATIC VERTEBRAL FRACTURES 

Viviana Franca PALIOTTA,  Benedetto MAGLIOZZI, Lucio ALESSANDRO

Background: Authors present their experi-
ence in percutaneous transpedicular fusion
with AGF, AlloMatrix Purpose Injectable Putty
and cancellous chips allograft combined in the
treatment of traumatic compressive vertebral
model. fractures (VCFs).

Methods: 12 traumatic compression ver-
tebral fractures at "risk of kyphosis were tre-
ated by means of vertebroplasty with AGF, Al-
loMatrix Injectable Putty (Wright Medical
Technology, Ine, Arlington, Tenn) and cancel-
lous chips allograft. Mean age was 29 years,
mean follow-up 27 months. Orotracheal intu-
batian was needed only in the cases of upper
thoracic vertebral fractures (5 patients). In
lumbar and lower thoracic spine fractures pe-
ridurale anesthesia was preferred. Patients
were ambulant just a few hours after operation

and they were discharged on 2nd day with a
east for 30 days. In all cases X-ray and CT we-
re performed on 45th day, 3rd and 6th month
after surgery.

Results: Fusion was early reached in all
patients. Clinical outcome was favorable in all
patients but one who prevent complained per-
sistent back pain. No major complication was
observed. Average 2 correction loss was ob-
served at 2 years follow-up.

Conclusions: In selected cases percuta-
neous transpedicular fusion with AGF and Al-
loMatrix Injectable Putty seems to be an ex-
cellent method of treatment in compressive
vertebral fractures even though further studies
and more detailed statistical validation are
needed.
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INHIBITION OF SPONTANEOUS SPINAL FUSION BY USE OF ADCON-L
AND 5-FU IN RAT MODEL

Esat KITER, Ertan ER, Nilay SEN, Murat OTO

Purpose: To determine the efficiency of
Adcon-L and 5-FU in inhibiting spontaneous
fusion in vertebra rat model.

Methods: 3 groups, each containing 10
rats were studied. L4-L5 segments of the each
rat spine were opened with sharp periosteal
stripping by scalpel but without decortication,
and vertebral internal fixation with interspinous
were done in all rats. Adcon-L and 5-FU were
applied for the first and second groups, res-
pectively. Third group was considered as the
control group and no chemical were given. All
30 rats were sacrificed at postoperative 28th
and total excision of the vertebral block is do-
ne respectively. The manual findings were
evaluated to show the degree of the spontane-
ous fusion. New bone formation, fibroblast
density, number of inflammatory cells and new

vessel formation were examined histopatholo-
gically.

Results: According to the manual exami-
nation findings Adcon-L showed statistical sig-
nificance in preventing fusion in contrast to
histological examination.

Discussion: Although manual examination
findings revealed an advantage for Adcon-L in
the inhibition of vertebral spontaneous fusion
in our rat model, this finding was not suppor-
ted histopathologically. This may be attributed
to the subjectivity and low reliability of the ma-
nual examination since examined area is to
small. Sorwe can concluded that, 5-FU is
useful in preventing spontaneous fusion and
fibrosis since it prevents new bone formation
and decreases the number of fibroblasts and
inflammatory cell number in our rat model.

42



The Journal of Turkish Spinal Surgery

ORAL PRESENTATION

THE OSTEOINDUCTIVE PROPERTIES OF NELL-1 IN A RAT SPINAL
FUSION MODEL

Jeffrey WANG, Steven S. LU, Xinli ZHANG, Paul TSOU, Benjamin WU, Chia SOO, Kang TING

Background: BMP-2 and BMP-7 are cur-
rently approved for human use but are associ-
ated with various adverse effects including ec-
topic bone formation and local inflammatory
reaction. Nell-l is a novel secretor molecule
that appears to act more specifically on oste-
oblasts than the BMPS, which can act on mul-
tiple cell types. From a molecular point of vi-
ew, Nell-I is directly regulated by runt-related
transcription factor 2 (Runx2/Cbfa1) a master
regulatory gene controlling bone formation.
We hypothesize that Nell-I may also effecti-
vely form bone in spinal fusion.

Study Design: Two groups of 24 athymic
rats underwent posterolateral intertransverse
process spinal fusion at L4-L5 with implanted
demineralized bone matrix carrier (DBM) con-
taining either adenovirus coding for Nell-I (Ad-
Nell-I) or control, Lac Z (AdLacZ). Four rats
were sacrificed at 4 weeks to assess interm
bone development. The remaining twenty rats
were sacrificed at 6 weeks for evaluation of
spinal fusion.

Methods: All animals underwent Faxitron
radiographs at 2, 4 and 6 weeks, manual spi-
ne palpation at 6 weeks, and high resolution
MicroCT at 6 weeks. New bone formation was
assessed by histology using H&E and Masson
trichrome staining on decalcified coronally
sectioned spine segments.

Results: All differences achieved statistical
significance. After 6 weeks, direct application
of adenoviral Nell-I in a DBM carrier achieved
significantly higher rates of spinal fusion over
Lac Z controls: 60 % Nell-I vs. 20% Lac Z by
manual palpation and 70 % Nell-I vs. 20 % Lac
Z by micro CT and histology. Histological as-
sessment of bone quality and maturity reve-
aled more mature, higher quality bone in all
the Nell-I treated specimens relative to Lac Z
at 4 and 6 weeks.

Conclusions: Direct application of
adenoviral Nell-I in a DBM carrier achieved
significantly higher rates of spinal fusion over
Lac Z controls at 6 weeks. These results in-
dicate that Nell-I may be a potent and specific
osteoinductive molecule.
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PLIF VS. POSTEROLATERAL FUS�ON IN ADULT ISTHMIC
SPONDYLOLISTHESIS AND CHRON�C LOW BACK PAIN

Per EKMAN, Han MÖLLER, Tycho TULLBERG, Pavel NEUMAN, Rune HEDLUND

Background: Based on a RCT we have
previously reported an improved outcome 2
years after posterolateral fusion (PLF) compa-
red to exercise in adult isthmic spondylolisthe-
sis. On theorethical grounds PLlF has been
suggested to result in an improved outcome
compared to PLF. Data to support this view
are, however, lacking.

Purpose: To compare the outcome of PLIF
with PLF in adult isthmic spondylolisthesis.

Patients: 86 prospectively followed pati-
ents, age 18-55, with symptomatic adult isth-
mic spondylolisthesis, operated on with PLIF,
were compared to a historical control group of
77 patients operated on with PLF. The two
groups had similar socio-economic, age and
sex distribution, and similar level of pain and
disability.

Methods: The inclusion criteria and outco-
me measurements were identical in the PLIF
and PLF-group. The PLlF-group was operated
on with autograft and carbon fibre ramps with
pedicle screw fixation. The PLF-group consis-

ted of 77 patients operated on with PLF, 37
without instrumentation and 40 with.

Outcome measurements: Preoperatively
and at 2 years follow up functional disability
was quantified by the Disability Rating Index
(DRl, 0-100) and the Oswestry score. Pain
was quantified by VAS. The global outcome
was assessed by the patient as much better,
better, unchanged or worse.

Results: The follow up rate was 97 % in
both groups. The mean pain, DRl and Os-
westry score at 2 years follow up were similar
in the PLIF vs the PLF group: pain 35 vs 37,
DRl30 vs 29, Oswestry 25 vs 25 (all ns). Simi-
larly, the global outcome was almost identical
in the two groups; 75 % of the patients in the
PLIF-group classified the results as much bet-
ter or better compared to 74 % in the PLF
group (ns).

Conclusion: No effect of type of fusion on
outcome could be demonstrated, questioning
the need of anterior support in short lumbar
fusions.
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INCIDENCE OF SUBSIDENCE IN THE CHARITE IN LUMBAR DISC
REPLACEMENT 

Jorge ISAZA, Steve GULORY, Javid JANANI

Purpose: Subsidence has been associ-
ated with under sizing of the prosthesis, bone
quality, and positioning ofthe implant in the
disc space. This study looked at patients with
Charite lumbar disc replacement and the inci-
dence of subsidence in relation to the above
factors.

Methods: Subsidence was defined as mig-
ration of the prosthesis more than 3 millime-
ters into the endplate. Post-op x-rays from a
single surgeon's practice of 51 patients who
underwent lumbar disc replacement between
June 2000 and October 2005 were reviewed.
Data taken into consideration included age,
sex, tobacco use, positioning of the prosthesis
inside the disc space and size of prosthesis.
Serial x-rays were reviewed to determine sub-
sidence occurrence in the post-op. period. Inc-
luded in the data was the sagital position (AP
x-ray) of the prosthesis as well as anterior vs.
posterior placement (lateral x-ray). X-rays re-
viewed 3 weeks, 6 weeks, 3 months, 6 months
and yearly after surgery.

Results: The sample included 30 males
(59%) and 21 females (41 %). Age ranged
from 27 to 63 years. The average age was 39
years. Seven of the fifty patients (13.7 %) de-
veloped subsidence. Subsidence occurred
within the first six weeks following surgery.
Subsidence occurred into the superior endpla-
te in all but one patient. There was no subsi-
dence after six weeks postoperatively. Two
patients with osteoporosis had no subsidence.
There was no significant correlation with prost-
hesis size, age or sex.

Conclusions: The incidence of subsiden-
ce was higher in females but not statistically
significant. Sagital alignment of the prosthesis
(more than 7 millimeters off center) correlates
significantly with subsidence The rate of sub-
sidence in lumbar disc replacement does not
have any statistical correlation with prosthesis
size, age, sex, bone quality or anterior vs. pos-
terior placement of the prosthesis.
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MULTILEVEL TOTAL LUMBAR DISC REPLACEMENT FOR SYMPTOMATIC
DISC DISEASE

Omer KARATOPRAK, Ufuk TALU, Mehmet AYDOGAN, Mehmet Nuri ERDEM, 
Azmi HAMZAOGLU

Introduction: Total disc replacement
(TDR) for multilevel degenerative disc disease
(DDD) in the lumbar spine has recently beco-
me an alternative to fusion. The purpose of
this retrospective study was to evaluate the
clinical and radiological results in patients who
underwent multilevel TDR for DDD in the lum-
bar spine.

Material and methods: 14 patients under-
went proDisc TDR 32 levels for lumbar DDD
20 were female and 6 were male and the ave-
rage age was 42.4 (39-51) years. Pre-operati-
ve dynamic radiographs, provocative discog-
raphy+CT and BMD measurement were also
routinely performed before surgery. TDR was
performed at two levels in 11, three levels in 2
and four levels in one patient. Level of surgery
was L2-L3 in 4, L3-L4 in 6, L4-L5 in 12 and
LS-S1 in 10 patients. The average follow-up
was 24.1 (12-32) months. VAS and Oswestry
Disability Index (ODI) were used for clinical
evaIuation. All cases analyzed at follow-up for
implant position, interface ingrowth, segmen-
tal angular motion, heterotopic ossification, fa-

cet joint degeneration and adjacent segment
abnormalities.

Results: Results of clinical evaIuation by
ODI and VAS are given in the table. (Table)

Average preop disc height was 4.6 (4-6)
mm and it was improved to 12.1 (11-13) pos-
toperatively. Average preoperative flexion-ex-
tansion angle was 2.2° (2°-4°) and it improved
to 7.1° (6°-8°) postoperatively. We did not
confront any complications like implant malpo-
sition, subsidence, loosening, implant failure
and dislocation or heterotrophic ossification,
facet joint degeneration and adjacent segment
abnormalities.

Conclusion: Multilevel TDR seems to be
safer and more effective than fusion in the sur-
gical treatment of multilevel DDD. Advantages
are preservation of motion, shorter hospital
stay and lower complication rate. However
studies with larger patient populations and
much longer follow-up are needed to deter-
mine the rate of adjacent segment
degeneration and preservation of motion.
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Preop 3.mo 6.mo 12.mo Latest f-up
ODI (%) 58.1 (50.2-66.3) 29.0 (20.2-37.2) 20.3 (18.4-22.8) 20.1 (19.0-21.2) 19.3 (18.2-20.8)
VAS 7.5 (5.7-11.1) 1.7 (0.9-2.9) 1.4 (0.8-2.8) 1.3 (0.8-2.6) 1.1 (0.6-2.4)
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USING PERCEPTIONS OF PAIN SEVERITY IN A GENERAL POPULATION
TO NORMALIZE VAS PAIN REPORTS 

Robert L. KANE, Boris BERSHADSKY, Todd ROCKWOOD, Khaled SALEH, 
Nazir Cihangir ISLAM

Introduction: Pain is frequently measured
by us ing a Visual Analog Scale (VAS) for dif-
ferent purposes in medical practice including
spine surgery. Several studies showed that
this method is simple and useful in examining
changes in pain level over short time intervals
in the same subject. However it is not clear if
these ratings are also useful in analyzing diffe-
rences across subjects, This ambiguity influ-
ences the reliability of the results and interpre-
tations of both the clinical outcomes and re se-
arch studies, especially during the follow-up of
a cohort and the comparison of different
samples. The purpose of this study is to create
a method for normalizing VAS pain reporting
on a common metric in order to control for the
variation between different populations due to
the differences in perception or evaIuation of
pain.

Method: Stage 1: A list of 226 pains was
gathered from a convenience sample of lay

persons on the street and patients waiting at
medical and orthopedic clinics (n=313). Age
ranged between 45 and 75. Stage 2: These
pains were ranked by performing Q sort by le-
vel of severity by health professionals (n=75)
and 19 pains with the most stable rankings
were selected. Stage 3: These 19 pains were
rated by a sample of community-dwelling
adults (n=1622) and a method of VAS stan-
dardization based on six selected pains was
developed.

Results: Individual variations in pain ra-
tings were found to be independent of respon-
dent's age and gender, but were correlated
with having experienced the type of pain and
self-reported health status. A new scoring
method that takes these correlations into ac-
count is proposed.

Conclusion: It is possible to standardize
VAS pain ratings to compare pain between dif-
ferent populations.
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IMPLANT RELATED PAIN: ANOTHER CAUSE OF FAILED DEGENERATIVE
LUMBAR SPINE SURGERY (FDLS) 

Ahmet ALANAY, Arya Nick SHAMIE, Raj VYAS, Thomas SCIOSCIO, 
Gannon RUDOLPH, Jeffery WANG

Background: The etiology of FDLS may
include a wide array of conditions. There is a
group of patients who have recurrence of back
pain despite a solid fusion in the absence of
any obvious pain generator. Implant removal
in those patients is a controversial optional tre-
atment.

Purpose: To evaluate the efficacy and sa-
fety of implant removal, to determine the pos-
sible predictors of its efficacy.

Methods: 25 patients (10 M, 15 F) with an
average age of 44 (18-74) were retrospecti-
vely evaluated. All patients had prior titanium
posterior pedicle screw instrumentation and
fusion for lumbar degenerative disorders. 20
patients with increase in pain during palpation
of the operative side underwent a pre-operati-
ve anesthetic injection at the site of their trig-
ger points.

Patients' clinical charts, operative notes
and preoperative x-rays were evaluated. Reli-
ef of pain was evaluated by the percent VAS
pain change due to implant removal. Functi-
onal improvement was rated on a five-point
scale. Predictors of pain relief were analysed
by using both bivariate and multivariate reg-
ression analysis. A p value (p<0.05) was con-
sidered significant

Results: Average follow-up period was 20
(12-38) months. The median time after the in-
dex operation and the recurrence of pain was
13.5 (1-119) months. VAS decrease after imp-
lant removal was 50 %.

Conclusions: Removal of the implant is an
efficient and safe procedure for carefully
selected patients and most consistent predic-
tor of its efficacy is the percent pain relief after
the diagnostic injection of the painful operative
side.
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IS THE WALLIS IMPLANT CAPABLE OF REDUCING THE INCIDENCE OF
RECURRENT LUMBAR DISC HERNIATION? 

Yizhar FLOMAN, MA MILLGRAM, N. RAND, Y. SMORGICK, E ASHKENAZI

Summary: Recurrent disc hemiation follo-
wing a successful lumbar discectomy may ne-
cessitate repeat surgical intervention. A popu-
lation based study in Finland found that about
14 % of all primary lumbar discectomies ne-
cessitated additional surgery.

Interspinous devices may perhaps help in
reduction of the number of recurrent hemiati-
ons.

Methods: 37 consecutive patients (23 ma-
les, 14 females, average age 36 years) under-
went lumbar disc excision followed by fixation
with the Wallis implant during a period of one
year.

Indications for implanting the Wallis device
following discectomy were a voluminous disc
hemiation and a relatively preserved disc spa-
ce height.

Surgery was performed at the L4-5 space
in most patients. Average follow-up after sur-
gery was 12 months.

Results: Five patients with relapsing leg
pain were diagnosed with contrast enhanced

MRI to suffer from ipsilateral recurrent hemiati-
on (13 % or 5/37). The disc reherniation occur-
red between 1-9 months after the index sur-
gery.

The degenerative process leads to destabi-
lization of the spinal motion segment, disc ex-
cision may further destabilize the spine. Hen-
ce there may be a need to normalize the mo-
tion segment following discectomy.

The Wallis implant seemed therefore a logi-
cal solution to the problem of recurrent herni-
ation. The fact that 5 out of 37 patients expe-
rienced recurrent disc herniation despite the
dynamic stabilization is certainly disappoin-
ting. Although the implant reduces intradiscal
pressure, it is possible that the main problem
leading to failure of the device was the annular
defect.

Conclusion: The current implant is in-
capable of reducing the incidence of recurrent
herniation.
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FORCED LORDOSIS ON THE THORACOLUMBAR JUNCTION CORRECT
DOUBLE CURVED CORONAL PLANE DEFORMITY AN INNOVATIVE

APPROACH ON ADOLESCENT IDIOPATHIC SCOLIOSIS WITH
CONSEQUENCES FOR TREATMENT AND DISCUSSION ON ETIOLOGY

Piet JM Van LOON,  Robert KUHBAUCH, Federik BMT THUNNISSEN, 
lob LC can SUSANTE, Corne lM Van LOON

Background: AlS presents mostly with
right thoracic and left thoracolumbar curves.
Most commonly a double curve. Etiology is
supposed to be multifactorial, but a lordotic
component at the apex is said to be essentiaI.
Traditionally, conservative and surgical treat-
ment focus on correction of the deformity by
derotating and flexing counter force at the
apex of the scoliosis. In this radiographic
study we demonstrate that forced lordosis on
the thoracolumbar junction, in a pure sagital
plane, can also lead to significant momentary
correction of curves.

Methods: Coronal spine radiographs of 37
consecutive patients (32 female, 5 male, me-
an age 14.6 year) with a double curve (mini-
mal 25 °) idiopathic scoliosis were obtained
while standing, Iying supine, and lying supine

with the thoracolumbar junction over a radiolu-
cant lordotic fulcrum. Scoliotic Cobb anges
were determined and evaluated for statistical
significance.

Results: There was an expected correction
of both the thoracic and the lumbar curve.

Conclusions: Own clinical experience for-
warded that forced lordosis on the thoracolum-
bar junction can correct a scoliotic deformity of
the spine. This insight may have clear conse-
quences on the current philosophy of (bracing)
therapies. This innovative approach may then
also elucidate etiological factors involved in
the development of deformities in explaining
why the lordotic force transform the shortening
effort of the spinal canal which is seen in prog-
ressive scoliosis to a supposed lengthening of
the spinal canal.
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DESIGN AND CLINICAL STUDY OF SHAPE MEMORY ALLOY SCOLIOSIS
CORRECTION SYSTEM 

Yan WANG, Yan WANG, Xuesong ZHANG, Zheng WANG

Introduction: Shape memory effect and
supper elastic capability of Ni-Ti alloy have be-
en utilized for scoliosis correction. But its mec-
hanical nature is influenced by the material
elament radio, metallurgy techniques, and he-
at treatment procedure. No one descried sha-
pe memory rods or supper elastic rods combi-
ned with pedide screws in correction of scoli-
osis patients before. But it is found by us that
the rod can be easily installed into the pedicle
screws along the abnormal spine in lower tem-
perature, and whole instrumentation automa-
tic resume to original set physiological figure
together when wormed up, which can achieve
three dimensions correction effect better and
safely.

Methods: The shape memory alloy scoli-
osis correction system (SMAS) constituted of
shape memory Ni-Ti alloy rod or supper elas-
tic Ni-Ti alloy rod and pedicle screws. Based
on material study, relational mechanical and
toxicity research, from Feb 1998 to Jan 2004,
23 cases of adolescent idiopathic scoliosis pa-
tients were treated by SMAS. Among them 10

cases adopted shape memory Ni-Ti alloy rod,
and 13 cases adopted supper elastic Ni-Ti al-
loy rod. Patients were evaluated before sur-
gery, immediate after surgery, and at least 1-
year follow-up according to radiographic chan-
ges in curve correction and maintains.

Results: There is no obvious complication
during perioperation in these patients, no inst-
ruments broken was found. All cases finished
1-6 years following up, and achieved well ba-
lance. Preoperative original curve of average
Cobb 65.8° were corrected to average 17.6° in
coronal, correction rate was 73.2% immediate
after surgery, and no obvious correction lost
was found. From CT sean, apex vertebra
rotation in cross section was corrected from
average 35.3° to 21.2°, correction rate was
39.3 %.

Conclusions: Based on shape memory
and supper elastic nature, SMAS can achieve
supposed correction effect safely and effec-
tively, no biocompatibility problem was found.
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THE EVALUATION OF SHOULDER BALANCE IN HEALTHY ADOLESCENT
POPULATION AND ITS CORRELATION WITH RADIOLOGICAL MEASURES

Ibrahim AKEL, Murat PELMEZCI, Muharrem YAZICI, Mutlu HAYRAN, Orhan DERMAN, 
Ilkay ERDOGAN,  Ahmet ALANAY, Ozgur KOCAK

Introduction: In healthy individuals shoul-
ders are accepted as leveI, but this general
acceptance has not been confinned before.
The aim of this study is to evaIuate the shoul-
der balance in normal popuIation and to deter-
mine the ideal radiological method that retlects
clinical shoulder balance.

Methods: Adolescents without orthopedic
pathology formed the study group. They were
asked to till out a questionnaire assessing
shoulder perception, and had their digital pic-
ture taken simuItaneously with a P-A chest X-
ray during which they were asked to stand
straight and have their arms on sides. The cli-
nical shoulder balance was evaluated by me-
asuring the digital pictures with a special soft-
ware. The X-rays were used to evaluate the
radiological shoulder balance. The evaluated
parameters were T1- tiIt, clavicular angle
(CA), coracoid height difference (CHO) and
clavicular tilt angle difference (CTAD) and the
difference between clavicula rib cage intersec-
tion points differences (CRID).

Results: The study group was composed
of 71 patients. All stated that their shoulders
were level. The clinical shoulder balance de-
monstrated level shoulders in only 11(% 16).
Radiological examination showed level shoul-
ders in 9 patients with CTAD, 8 with CA, 6 with
CHD and 36 with CRID. T1-tilt was zero in 23
patients. The average CTAD was 3.9±3.4
degrees (0-20), CA was 2.3±1.8 degrees (0-
11), CHD was 7.3±5,1 mm(0-27.5), T1-Tilt
was 1.4±1.4 (0-6) and CRID 1.7±2.1(0 -7.6).
The evaluation of the pictures revealed an
average 7.7±5.9mm (0-27) heigth difference
between shoulders. AIl radiological parame-
ters but CRID correlated with clinical picture.

Discussion: In contrast to common berief,
the shoulders are not level in healthy adoles-
cents. Clavicular angle and coracoid height
difference can be used reliably to evaluate
clinical shoulder balance. Although CTAD
demonstrated moderate correlation, it is stili a
valuable alternative when the shoulders are
not completely seen on the X ray.
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LATE REVISION SURGERY IN ADOLESCENT IDIOPATHIC SCOLIOSIS

Cuneyt MIRZANLI, Ufuk TALU, Mehmet TEZER, Cagatay OZTURK, Azmi HAMZAOGLU

Introduction: Revision surgery may be de-
fined as a continuing or new-on set problem in
a previously operated spine. Our purpose in
this study was to determine and analyze the
reasons or problems leading to revision sur-
gery in adolescent idiopathic scoliosis (AlS)
patients and discuss the possible methods or
approaches for solution.

Materials and Methods: 25 AlS patients
who had revision surgery between the years
of 1994 and 2001 and had minimum two-year
follow-up were evaluated. The average age
was 13.4 (10-18) years. Reasons leading to
revision surgery were pseudoarthrosis in 4,
coronal plane decompensation in 2, sagittal
plane decompensation (too short fusion) in 2,
complex frontal and sagittal plane deformity
(due to pseudoarthrosis) in 7, rib-hump in 2,
implant failure (anterior instrumentation proxi-
mal screw pull-out) in 1, deep infection (not
responsive to debridement and irrigation) in 3,
Iate implant related reaction in 2, neural impin-
gement by implant devices in 2 patients.

Results: Posterior fusion with compression
instrumentation was performed for simple pse-

udoarthrosis patients. Posterior osteotomy or
vertebrectomy or combined surgery was per-
formed for patients who had complex frontal
and sagittal plane deformity due to pseudo-
arthrosis. Stainless steel posterior implants
were replaced by larger titanium pedicle
screws in two patients and by titanium anteri-
or instrumentation in one patient with deep in-
fection. lmplants were removed and revised in
neural impingement cases. Fusion was exten-
ded proximally in cases with sagittal plane de-
compensation. The fusion was achieved in all
patients, and neither pseudoarthrosis nor imp-
lant failure vas observed.

Conclusion: Revision surgery for spinal
deformity is extremely challenging and decisi-
on making requires considerable experience
and expertise in complex reconstructive spinal
surgery. Reasons for poor outcome after initial
surgery and resulting in revision are poor
patient selection, wrong initial diagnosis,
wrong or inadequate surgical procedure, tech-
nical errors or complications.
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COMPARISON OF COMBINED ANTERIOR AND POSTERIOR SURGERY
WITH POSTER�OR ALONE SURGERY IN THE TREATMENT OF

ADOLESCENT IDIOPATHIC SCOLIOS�S W�TH THORACIC CURVES MORE
THAN 70 DEGREES 

Ufuk AYDINLI, Recep VURAL, Muren MUTLUER, Cagatay OZTURK

Introduction: The purpose of this study is
to compare the radiological outcome of two
surgical treatments: anterior-posterior spinal
fusion versus posterior spinal fusion alone in
patients with thoracic AlS curves more than
70°.

Materials and Methods: Twenty-one pati-
ents with adolescent idiopathic scoliosis thora-
cic curves more than 70° underwent surgical
treatment between 1995 and 2003.

Results: The mean age of patients was
16.3 years (range, 11-19 years), with 17 fema-
les and 4 males. Mean follow-up was 5.4 ye-
ars (range, 20-10 years). There were 11 pati-
ents in combined surgery group (group I) in
which anterior release and fusion, posterior
correction with instrumetation and fusion was
performed. There were 10 patients in the pos-
terior alone surgery group (group II) in which
posterior correction and instrumentation and
fusion was performed. The average Cobb me-
asures (anteroposterior/lateral) are 90°/68° for

group I and 86°/66° for group II which was sta-
tistically insignificant. The traction flexibility
was 27 % for group I and 37 % for group II
(p>0.05). As conceming the sagittal curve, the
results were similar (25 % versus 23 %,
p>0.05). At the last follow-up, there was no dif-
ference in sagittal and coronal alignment
change between the two groups (between 2-5
%). In addition, there were no statistically sig-
nificant differences seen between the groups
for gender and age.

Discuss�on: The surgical treatment of ado-
lescent idiopathic scoliosis with curves more
than 70 degrees by either combined anterior
and posterior or posterior alone route showed
the similar postoperative radiological results.
We believe that posterior alone surgery is
enough to provide same amount of correction
with combined surgery and it prevents the ad-
verse effects of combined surgery on pul-
monary function.
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INTRAOPERATIVE HALO-FEMORAL TRACTION IN THE TREATMENT OF
SEVERE SCOLIOSIS (>100°)

Ufuk TALU, M. AYDOGAN, O. KARATOPRAK, Cagatay OZTURK, 
Mehmet TEZER, Azmi HAMZAOGLU

Introduction: Treatment of severe and ri-
gid scoliosis is demanding despite modern
instrumentation methods providing powerful
correction. To our knowledge there is no re-
port on using intraoperative halo-femoral trac-
tion in this patient population. The purpose of
this study is to report on results of surgical cor-
rection achieved by intraoperative halo-femo-
ral traction and posterior only pedicle screw
instrumentation.

Method: 13 patients with severe (>100°)
thoracic idiopathic scoliosis were studied.
Average age was 17.5 (17-20) years. Major
thoracic curve, major compensatory lumbar
curve and sagittal curve were 125° (105°-
156°), 58° (33°-69°) and 98° (45°-135°) res-
pectively. Only one patient had more than 2
cm coronal decompensation but all had signi-
ficant shoulder imbalance with average 11°
(5°-15°) cIavicle angle. Average preop. vital
capacity was 2.67 I. All patients underwent int-
raoperatively halo-femoral traction and poste-
rior pedicle screw instrumentation after wide
facet resection and posterior release. Convex
side thoracoplasty was also performed. Halo-
femoral traction started with 12 kg (6 kg on the
head, 3 kg on each leg) and gradually incre-

ased not exeeeding 30-50 % of total body we-
ight. Cervical instability and intramedullary ab-
normalities were ruled out.

Results: Average follow-up was 37 (30-44)
months. Postoperative major thoracic curve,
major compensatory lumbar curve and sagittal
curve were 63° (39°-91°) (51 %), 55° (35°-85°)
(62 %) and 49° (20°-80°) (49 %) respectively.
All but one patient had good coronal balance.
Shoulders were balanced in all patients with
average 1° (0°-5°) cIavicle angle. Average vi-
tal capacity improvement was 29 % (3.44).
There was no correction loss, infection, pse-
udoarthrosis or complications related to halo-
femoral traction.

Conclusion: Halo-femoral traction along
with wide facet resection and posterior release
gradually provide a good correction and balan-
ce maintained by pedicle screw instrumen-
tation. No further corrective force needs to be
applied by the instrument. Neuromonitoring or
wake-up test can be performed during gradual
correction before instrumentation. Comp-
lications of perioperative halo-gravity traction
and/or anterior release are avoided.
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CORPECTOMY RECONSTRUCTION OF VERTEBRAL BODY TUMORS
USING AN EXPANDABLE TITANIUM CAGE FROM A POSTERIOR-ONLY

EXTRACAVITARY APPROACH

Francis SHEN, Vincent ARLET, Simon BHATTACHARJEE, Mark HARPER, Ian MARKS,
Jean OUELLET, Christopher SHAFFREY

Introduction: SurgicaI management of
vertebral body tumors requires anterior de-
compression and reconstruction with or witho-
ut a posterior instrumented fusion. Studies
evaluating the role of extracavitary vertebral
body resection and reconstruction with an ex-
pandable cage from a single posterior appro-
ach are limited.

Methods: Retrospective study 14 patients.
A decompression was performed from a pos-
terior extracavitary approach and reconstruc-
ted with an expandable cage. No patient requ-
ired a separate anterior procedure. Stabilizati-
on was performed with a posterior spinal fusi-
on and segmental screw fixation through the
same exposure.

Purpose: To evaluate the feasibility of an-
terior spinal column reconstruction using an
expandable cage through a single posterior
extracavitary approach.

Results: Average age 58.9 years. Nine fe-
males, 5 males. Diagnoses 5 lung, 4 renal,1
each breast, prostate, hepatocellular, ABC,
and plasmacytoma. Thirteen 1-Ievel (9 thora-

cic, 4 lumbar); one 2-level corpectomy (T12-
L1). Average 4.9 levels fused. Average EBL
and length of surgery per level was 1481 cc
(range, 500 to 2500) and 5.3 hrs (range, 4.5 to
8.6 hrs). No mortalities associated with index
procedure. Average stay 5.0 days. Of the 13
ambulatory preoperatively, all were ambula-
ting on average by day 3.3 postoperatively.
One patient had a decrease in neurologic
strength, but remained ambulatory; 5 had an
improvement. No chest tubes or bracing requ-
ired. At average 13.5 months follow-up, 4 pa-
tients are alive. Ten patients expired an avera-
ge of 5.6 months after surgery. No deaths we-
re secondary to the surgery. One cage requ-
ired repositioning and one cage settled, but
did not require surgery; there were no other
complications.

Conclusions: Our 15.4 % complication
rate is similar to those reported in anterior
alone and circumferential procedures. The
use of an expandable cage combined with an
extracavitary approach is feasible and allows
the surgeon to address both the anterior and
posterior columns through a single incision.
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SURGICAL RESECTION OF ANEURYSMAL BONE CYST (ABC) 
OF THE SPINE 

Hossam SALAH, Youssry Kamal El HAWARY

It is estimated that 11 - 24% of aneurysmal
bone cysts localize in the spine. Local recur-
rence following surgical treatment has been
reported to range between 20-70 % in diffe-
rent series. We report our experience in the
surgical management of these lesions of the
spine. There were 12 patients; 7 males and 5
females. Age at time of surgery ranged betwe-
en 4 and 18 years. All patients presented with
axial pain, and 7 (58 %) with radicular pain.
Four (33 %) patients had a neurological defi-
cit, four (33 %) presented with spinal deformity
and three (25 %) had a palpable mass. Nine
(75 %) patients had previous surgeries (a total
of 17 operations).

Complete intralesional surgical resection
was performed in all patients. No adjuvant the-
rapy was performed in this series. Resection
required sequential anterior and posterior sur-
gery in 9 patients and posterior surgery only in

three. Spinal reconstruction and stabilization
was performed with a variety of methods de-
pending upon the location of the lesion, its ex-
tent within the spine and the age of the patient.

Follow up period ranged 28 - 63 months. All
patients reported improvement in their axial
and radicular pain, three (75%) of those with a
preoperative neurological deficit showed ne-
urological recovery and one patient remained
unchanged. At their latest follow-up, all pati-
ents showed evidence of radiological fusion,
with no loeal recurrence detected.

In conclusion, total intralesional resection
of ABC lesions of the spine is successful in
managing these of tenly aggressive lesions.
This series demonstrates the success of sur-
gery in eradicating these lesions when
thorough and complete resection is perfor-
med.
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TREATMENT OF WOUND INFECTIONS FOLLOWING SPINAL FUSION AND
INSTRUMENTATION USING CLOSED SUCTION IRRIGATION SYSTEM

(CSIS): IS IMPLANT REMOVAL NECESSARY? 

Michael T. ROHMILLER, Kian RAISZADEH, Kamshad RAISZADEH, Sarah K. CANALE,
Behrooz A. AKBARNIA

Purpose: Wound infections following spine
surgery can produce devastating consequences
and are further complicated by the use of imp-
lants. Despite the need for a simple, yet reliable
solution, none exists to date. This study descri-
bes the success rate of closed suction irrigation
system (CSIS) in the treatment of spina infecti-
ons with instrumentation.

Methods: A retrospective record review
identified 500 posterior instrumented fusions
performed between 1990 and 2002. Twenty-
eight infections (5%) were diagnosed and tre-
ated by a standardized treatment protocol. Diag-
noses were: Idiopathic scoliosis (7), Fracture
(7), Pseudarthrosis (4), Neuromuscular scoli-
osis (3), Stenosis/Degenerative spondylolisthe-
sis (3), Myelomeningocele (2), Ankylosing
Spondylitis (2). All patients were treated with
I&D and CSIS placement. Cultures were obta-
ined, all wounds closed primarily, and appropri-
ate intravenous antibiotic treatments initiated.
The treatment protocol dictated the appropriate
time to discontinue drains.

For statistical evaIuation, all patients were
assigned a risk factor (RF) described by Levi, et

al. Point values were assigned to medical co-
morbidities that may contribute to post-operative
infection risk; higher RF values indicate an inc-
reased risk.

Results: Twenty acute and 8 Iate (> 6
months) post-operative infections were followed
aminimum 24 months post-CSIS treatment.
Twenty-two (79%) resolved without recurrence
with one CSIS treatment, including all Iate infec-
tions. Six acute infections (30%) required a se-
cond course of treatment. Hospitalization avera-
ged 12.9 days; 14.8 days for reinfections. No
patient with acute infection required implant re-
moval.

The reinfection group had a higher RF value
(0.85) than the single treatment group (0.63).
The reinfection group also had higher blood
loss, more levels fused, and longer hos-
pitalization following the index procedure.

Conclusion: Patients with higher RF values
are at greater risk for reinfection. Removal of
implants is unnecessary in acute infections.
CSIS is an effective method for treatment of
postoperative wound infections following inst-
rumented spinal fusion.
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ANTERIOR INSTRUMENTATION SYSTEMS IN THE SURGICAL TREATMENT OF
TUBERCULOSIS SPONDYLITIS. IS IT AN EFFECTIVE AND SAFE TECHNIQUE?

I. Teoman BENLI, Alper KAYA

Anterior instrumentation in active tubercu-
losis infection is a relatively new concept, and
the results of this study should probably be
compared to those achieved with other moda-
lities of surgical treatment as well as other re-
ports on anterior instrumentation. This study
reports on the surgical results of 100 patients
with Pott's disease that had anterior radical
debridement and anterior fusion and anterior
instrumentation with minimum 3 years follow -
up. Average age at the time of operation was
44.3±12.5 years. The indication for surgery
was either one of the deformity, instability or
neurological compromise. Surgical treatment
included anterior radical debridement followed
by grafting with tricortical autograft and anteri-
or instrumentation at levels just above and be-
low the diseased segment(s) with either plate
or rod systems. The deformity in the sagittal
and the coronal plane was measured and pre-
sence of significant consolidation, along with

the absence of implant failure or correction
loss was considered as signs of fusion. Pre-
operatively and at the last follow-up visit, the
SRS-22 questionnaire was administered to
the patients. Overall, it was observed that, the
addition of anterior instrumentation increased
the rate of correction of the kyphotic deformity
(88.4±21.5 %), and was effective in mainta-
ining it with an average loss of 1.6±1.8. Of the
44 (44 %) patients with neurological
symptoms, 40 (90.9 %) had full and 4 (9.1 %)
partial recoveries. There were no apparent
pseudoarthrosis and implant failures in the pa-
tients and all patients demonstrated clinical
improvement in tuberculosis infection without
recurrences and reactivation. The statistically
significant improvement was found in all
domains at the last follow-up visit (p< 0.01). it
was concluded that anterior instrumentation is
an effective and safe method in the treatment
of tuberculosis spondylitis.
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COMPARISON OF PAIN INTENSITY AND KYPHOSIS BETWEEN 
TWO-SEGMENT COMBINED INSTRUMENTATION AND FUSION VS. 

THREE-SEGMENT POSTERIOR INSTRUMENTATION AND FUSION IN
THORACOLUMBAR BURST FRACTURES (RCT)

Nazir Cihangir ISLAM, Necdet SAGLAM, Ozkan KOSE, Yuvuz UCAR, Kurtulus EMREM

Introduction: The purpose of this randomi-
zed clinical trial is comparing the severity of
residual kyphotic deformity and back pain bet-
ween groups treated by "anterior and posteri-
or combined instrumentation and fusion of two
motion-segment" and "posterior only instru-
mentation and fusion of three motion-seg-
ments" in thoracolumbar burst fractures.

Methods: Neurologically intact thoraco-
lumbar burst fractures (T12-L2) that carries
the risk of kyphotic deformity (>20 / >50 % an-
terior wedging) were included regardless the
degree of canal narrowing. Groups were ran-
domized as two-segment posterior and anteri-
or combined instrumentation and fusion
(n=13) vs. three-segment posterior instrumen-
tation and fusion (n=8), via adding one upper
level to the fusion site posteriorly. Posterior
pedicle screws were used for all cases. Ante-
rior cages and anterior screws were applied to
the combined group for anterior stabilization.

After nineteen-month follow-up (12-29
months) "duration of surgery, intraoperative
blood loss, kyphosis angle, VAS, Oswestry
and Roland-Morris questionnaires" were studi-
ed.

Results: Duration of surgery was signifi-
cantly higher in combined fusion group (373
min) compared to posterior fusion group (288
min).

Concinsion: In thoraolumbar burst fractu-
res, stability and integrity of spinal column co-
uld be restored and maintained by posterior
instrumentation and fusion of three-motion
segment or combined instrumentation and
fusion of two-motion segment. Perception of
back pain in politraumatized patients with
thoracolumbar burst fractures could be lower
when compared to isolated thoracolumbar
burst fractures which might become a con-
founder in research studies.
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ANTERIOR AND POSTERIOR COLUMN RECONSTRUCTION BY SUBTOTAL
VERTEBRECTOMY VIA POSTERIOR ONLY APPROACH IN OSTEOPOROTIC

FRACTURES OF THE SPINE CAUSING NEUROLOGIC INJURY

Mehmet AYDOGAN, Ufuk TALU, Cuneyt MIRZANLI, Mehmet TEZER, Azmi HAMZAOGLU

Introduction: Vertebrectomy and instru-
mentation via posterior approach can be espe-
cially useful in elderly patients with severe os-
teoporotic fractures causing neurological in-
jury. Those patients usually have significant
medical problems and may not tolerate anteri-
or surgery. The purpose of this retrospective
study was to evaluate the posterior only sub-
total vertebrectomy procedure in a group of
patients who were older than 70 and had eit-
her thoracic or thoracolumbar osteoporotic
fractures as neurological deficit.

Method: 14 patients with an avarege age
of 74.7 (70-84) years have undergone verteb-
rectomy and posterior instrumentation via pos-
terior approach only. Fractures level was bet-
ween T1-10 in 8 and between T11-L2 in 6 pa-
tients. Those patients with thoracic fractures
had severe spinal cord compromise and spas-
tic paraparesis and pain unresponsive to me-
dication. 3 of these 8 patients had previous
kyphoplasty. Cement and bone fragments ca-
used spinal cord compromise. All patients un-
dervent pedide screw fixation two level above

and below augmented with vertebroplasty.
Hemilaminectomy and costatransversectomy
were performed at lesion level to facilitate sub-
total vertebrectomy and placement of titanium
mesh cage for interbody fusion. Contalateral
posterior elements were preserved for fusion.

Results: Average follow-up was 3.5 (2-5)
years. Neurologic recovery was achieved in all
patients was complete by 1.4 (1-3) weeks. An
average VAS was 8.0 and 2.1 pre or postop
respectively. We did not confront any implant
related complications or infections. One pati-
ent developed a spontaneous fracture at lower
adjacent segment which was treated by brace.

Conclusion: Surgical treatment via poste-
rior approach only is helpful to lower the rate
of mortality and morbidity in this patient
population. Thus, it is possible to perform ver-
tebrectomy, anterior fusion and posterior inst-
rumentation via posterior approach only. We
believe this approach provides definitive and
effective treatment with minimal morbidity.
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RECURRENT FRACTURE AFTER VERTEBRAL KYPHOPLASTY

William LAVELLE, Robert CHENEY, Joseph BELLAPIANTA

Background: Osteoporotic compression
fractures cause great morbidity to the aging
population. Various percutaneous methods
have been developed to aid in treatment, inc-
luding vertebral kyphoplasty. Biomechanical
studies and recent published data relate con-
cerns about adjacent fracture.

Purpose: This study investigated the inci-
dence of recurrent fracture after the kyphop-
lasty procedure.

Study Design/Setting: Retrospective revi-
ew of kyphoplasty procedures performed by a
single surgeon.

Patient Sample: One hundred and nine
procedures in 94 patients were reviewed.

Methods: Patient medical records as well
as the radiology database at two major regi-
onal hospitals were reviewed for fracture re-
currence.

Results: Confounding factors of age at
procedure, sex, and chronic steroid use were
also considered and found to have no statisti-

cally significant difference between those with
fracture recurrence and those without fracture
recurrence (p=0.1979, p=0.2058, p=0.4684
respectively). Eleven kyphoplasty procedures
resulted in a recurrent fracture after kyphop-
lasty within the first 90 days (34±19). After the
first ninety days, five recurrent fractures occur-
red (459±01). The number of vertebral levels
treated was found to be related to incidence of
recurrent fracture with a p-value of 0.0005 via
chi-squared testing. Patients who sustained a
recurrent fracture tended to have a higher
number of vertebral levels treated. There was
no statistically significant difference between
the survival t�me of kyphoplasty procedures
that resulted in recurrent adjacent versus dis-
tant vertebral body fracture (survival time
112±145 vs 237±268, p-value 0.2362).

Conclusions: The incidence of recurrent
fracture after kyphoplasty is substantial at 10
% within the first 90 days. It is difficult to deter-
mine if this fracture rate is due to surgical in-
tervention or the natural history of the patient's
osteoporosis.
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EFFICACY OF EARLY SURGICAL DECOMPRESSION IN EXPERIMENTAL
SPINAL CORD INJURY MODEL

Zekeriya OZTEMUR, Gunduz TEZEREN, lshan BAGCIVAN, Bulent SARAC, Ahmet
PARLAK, Reyhan EGILMEZ

Purpose: Evaluate the efficacy of early
surgical decompression of acute spinal cord
injury in experimental animal model by analy-
sis of the corpus cavernosum and the bladder.

Methods: Twenty-one New Zealand rab-
bits were divided to four groups which were
control group (6 animals), sham (Iaminec-
tomy) group (5 animals), 15 seconds comp-
ression group (5 animals) and 60 seconds
compression group (5 animals). Sixty gram
compression force was applied to both 15 se-
conds and 60 seconds compression groups
by an aneurysm cIip. After 7 days, invitro rela-
xation and contraction tests of dissected cor-
pus cavernosum of the animals and contracti-
on tests of the bladder were performed in or-
gan baths using carbachol.

Results: Maximum relaxation response of
the corpus cavernosum with carbachol was si-
milar between 15 seconds compression group

and 60 seconds compression group. Maxi-
mum relaxation response of the corpus caver-
nosum with carbachol decreased in 15 se-
conds and 60 seconds compression groups
compared with control and sham groups. pO2
values were similar in foor groups. Maximum
contraction response of the detrusor muscle in
increasing carbachol concentrations was simi-
lar between 15 seconds compression group
and 60 seconds compression group. Contrac-
tion response of the detrusor muscle with car-
bachol increased in either compression gro-
ups compared with control and sham groups.
pO2 values were similar in four groups.

Conclusion: There was no difference bet-
ween early (15 seconds) and Iate (60
seconds) decompression in terms of the ef-
ficacy of early decompression according to
maximum contraction and relaxation effects of
the corpus cavernosum and the bladder.
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STOPPING AT L3 INSTEAD OF L4 IN LENKE TYPE 6C OR KING TYPE I
AND LV ALS -DO TRACTION RADIOGRAPHS UNDER GENERAL

ANESTHESIA HAVE A ROLE?

Mehmet AYDOGAN, Omer KARATOPRAK, Mehmet TEZER, Cuneyt MIRZANLI, 
Ufuk TALU, Azmi HAMZAOGLU

Introduction: The purpose of this study
was to analyze preop radiographs for determi-
ning radiological criteria to stop fusion at L3
instead of L4 especially in Lenke 6C or King
type I and IV curves, even when central verti-
cal sacral line (CSVL) did not touch L3.

Method: This study involves 16 surgically
treated AlS patients who had Lenke type 6C or
King type I and IV curves. Average age was
15.6 (13-19) years. Distal fusion stopped at L3
in all patients. Preoperatively, standing AP
and lateral, supine bending, supine traetion
and traction under general anesthesia (TrU-
GA) radiographs were obtained. Radiography
measurements included Cobb angles, L3 and
L4 tilt and rotation, determination of whether
CSVL touched L3 or not and also positions of
L3, L4 and LS with reference to Harrington's
stable zone.

Results: Follow-up was 38° (30°-60°)
months. Pre and post-op thoracic curves were
48° (30°-60°) and 10° (4°-17°) respeetively.

Correction was 67 % (53 %-90 %). Pre and
postop TL/L curves were 51° (40°-64°) and 8°
(4°-14°) respectively. Correction was 83 % (70
%-91 %). Other radiologic data is summarized
in the table (Table). CSVL did not touch L3 in
any patient at preop standing AP however did
so or bisect L3 at traction and TrUGA. At least
50 % of L3 vertebral body was entering Har-
rington's stable zone upon traction. L3 was le-
vel to pelvis in all patients postoperatively. No-
ne of the patients developed decompensation
or correction loss during follow-up.

ConcIusion: CSVL did not touch L3 in any
of the patients at standing AP and L3 did not
become level at bending radiographs in the
majority. Traction was helpful in these cases
because L3 became level, CSVL touched or
bisected L3 and L3 was completely in Harring-
ton's stable zone. Thus, choosing between L3
and L4 can be difficult but evaluation of preop
traction and TrUGA radiographs and pedicle
serews enable us stop fusion at L3.
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Pre-op Traction TrUGA Bending Post-op

L3 Tilt 25û(21û-30û) 8û(4û-14û) 5û(0û-9û) 2û(-7,+10û) 2û(0û-4û)

L4 Tilt 21û(17û-24û) 8û(3û-15û) 5û(0û-10û) 5û(0û-13û) 2û(0û-4û)

L3 Rotation 1-3 0-2 0-1 0-2 0-1

L4 Rotation 0-2 0-1 0-1 0-2 0-1



The Journal of Turkish Spinal Surgery

ORAL PRESENTATION

CAN WE PERFORM POSTERIOR FUSION AND STOP AT THE SAME
DISTAL LEVEL AS WITH ANTERIOR SURGERY IN THE TREATMENT OF
MAJOR THORACOLUMBAR AND LUMBAR (LENKE TYPE 5C) CURVES?

Omer KARATOPRAK, Mehmet AYDOGAN, Cuneyt MIRZANLI, Mehmet TEZER, 
Ufuk TALU, Azmi HAMZAOGLU

Introduction: Choosing between L3 and
L4 can sometimes be difficult and anterior sur-
gery is recommended for Lenke Type 5C cur-
ves to save more motion segments distally.
We analyzed if we can perform posterior sur-
gery for Lenke Type 5C curves and stop fusi-
on at the same distal levels as with anterior
surgery .

Method: This study involves 14 surgically
treated AlS patients who had Lenke type 5C
curves. Posterior surgery and segmental pe-
dicle screws were used to stop at the same
distal fusion level as if anterior surgery was
performed. Average age was 14.3 (12-15) ye-
ars.

Results: Average follow-up was 32 (28-60)
months. Pre and post-op minor thoracic cur-
ves were 17° (10°-30°) and 2° (0°-5°) respec-
tively. Correction was 91 % (75 %-100 %). Pre
and postop TL/L curves were 46° (38°-52°)
and 5° (0°-14°) respectively. Correction was
88 % (65 %-100 %). Other radiologic data is
summarized in the table.

CSVL did not touch L3 in any patient at pre-
op standing AP however did so or bisect L3 at
traction and TrUGA. Average 40 % of L3 ver-
tebral body was in Harrington's stable zone at
preop AP. However L3, L4 and L5 vertebral
bodies were within Harrington's stable zone
upon traction. Minor thoracic curve was fused
in 4 patients to avoid shoulder asymmetry.

Condusion: Supine bending radiographs
are generally helpful to see if L3 is mobile and
becomes level with pelvis to stop fusion. Ho-
wever sometimes there is too much residual
L3 rotation at bending radiographs which may
cause hesitation for stopping at L3. We have
noted that traction radiography, especially
when taken under general anesthesia shows
better correction of rotation at L3 and en-
courages stopping fusion at that level. Thus it
is possible to perform posterior surgery, save
motion segments distally and avoid mor-
bidities related to anterior surgery.
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Pre-op Traction TrUGA Bending Post-up

L3 Tilt 22û(16û-27û) 7û(3û-12û) 5û(0û-7û) 0û(-10û,+5û) 2û(0û-6û)

L4 Tilt 18û(15û-23û) 8û(3û-12û) 5û(0û-7û) 1.4û(-6û,+7û) 5û(0û-8û)

L3 Rotation 0-3 0-2 0-1 0-3 0-1

L4 Rotation 0-3 0-2 0-1 0-3 0-1



66




