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ABSTRACT 

aIM: Laboratory training models are essential for developing and refining treatment skills before the clinical application of surgical and 
invasive procedures. A simple simulation model is needed for young trainees to learn how to handle instruments, and to perform safe 
lumbar transforaminal epidural injections. Our aim is to present a model of a fresh cadaveric sheep lumbar spine that simulates the lumbar 
transforaminal epidural injection.  

MaterIaL and MetHOds: The material consists of a 2-year-old fresh cadaveric sheep spine. A 4-step approach was designed for lumbar 
transforaminal epidural injection under C-arm scopy.      

resuLts: For the lumbar transforaminal epidural injection, the fluoroscope was adjusted to get a proper oblique view while the material was 
stabilized in a prone position. The procedure then begin, using the C-arm guidance scopy.   

cOncLusIOn: The model simulates well the steps of standard lumbar transforaminal epidural injections in the human spine. The cadaveric 
sheep spine represents a good method for training and it simulates fluoroscopic lumbar transforaminal epidural steroid injection procedures 
performed in the human spine.      
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ÖZ 

aMaÇ: Laboratuvar eğitim modelleri cerrahi ve invaziv prosedürlerin klinik uygulamasından önce tedavi becerilerini geliştirmek ve rafine 
etmek için gereklidir. Araçların nasıl işleneceğini öğrenmek ve güvenli lomber transforaminal epidural enjeksiyonları gerçekleştirmek için basit 
bir simülasyon modeli genç stajyerler için gerekir. Amacımız, transforaminal lomber epidural enjeksiyonu taklit eden kadavratik taze koyun 
lomber omurga modeli sunmaktır.

yÖnteM ve gereÇLer: Malzeme 2-yaşında taze bir kadavratik koyun omurgasından sağlandı. C- kollu skopi altında lomber transforaminal 
epidural enjeksiyon 4 basamakta tasarlandı.      

BuLguLar: Lomber transforaminal epidural enjeksiyon için fluoroskopi, materyal prone pozisyonda sabitlenmiş iken tamamıyla eğimli bir 
görüntü almak için ayarlandı. Prosedüre C-kollu skopi kullanılarak başlandı.   
sOnuÇ: Modelde insan omurgasındaki standart lomber transforaminal epidural enjeksiyonun basamakları iyi stimüle edilir. Kadavratik 
koyun omurgası eğitim için iyi bir metodu temsil eder ve insan omurgasında yapılan lomber transforaminal epidural steroid enjekte etme 
prosedürlerinin taklit eder.        
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InTRoduCTIon

With fluoroscopically guided spinal injections becoming 
more common, precise access to the intervertebral foramen, 
as well as the pain generators, is possible through a safe and 
reliable technique (3,12,15). Transforaminal epidural steroid 
injections under mobile C-arm guidance is an effective non-
surgical treatment option for patients with degenerative 
lumbar scoliotic stenosis and radiculopathy. These injections 
are commonly used to deliver medication selectively to the 
epidural space near the exiting spinal nerves. The goal of 
the transforaminal approach is to enter the intervertebral 
foramen, while avoiding dural puncture, vascular injection, 
and segmental nerve trauma (1,9,10). Epidural anatomy and 
pathologic conditions will affect the spread of an injectate, 
further complicated by the presence of induration, mass 
effect, or scar. These risks are well managed if meticulous 
technique and due diligence are practiced by well-trained 
physicians. 

Training in the laboratory to gain familiarity with the 
techniques of pain treatment and to acquire skills in handling 
instruments is fundamental (2,4,5,6,7,8,12,14). Practicing 
pain treatment skills and gaining experience on animal or 
cadaveric models before exposure to patients are useful. 

mATeRIAlS and meThodS

This study was performed at the Dr. Lutfi Kırdar Kartal Education 
and Research Hospital. The sheep spine was obtained from 
a local butcher. The material consisted of a 2-year-old fresh 
cadaveric sheep spine (thoracal and lumbar region). It 
was kept in the refrigerator at 4-8oC for 6 hours after the 
specimen was obtained. The specimen was placed prone on 
the x-ray table top which was  padded to provide flattening 
of the lumbar lordosis and stabilized. The positioning of the 
sheep spine  is in the similar prone position. A 22-gauge spinal 
needle was used. Two ml of non-ionic contrast (Omnipaque 300) was 
used for injection. The procedure was performed under C-arm 
guidance (Ziehm 8000, Ziehm imaging GmbH, Germany). 
The steps were adjusted to get the proper oblique view for 
showing the biggest neural foramen.

ReSulTS

For the lumbar transforaminal epidural injection, the 
fluoroscope was adjusted to get a proper oblique view while 
the material was in a prone position and stabilized. The 
procedure then begin, using the C-arm guidance scopy.

The first step consists of the lumbar pedicle corresponding to 
the targeted foramen (Figure 1). The lumbar region is prepared 
with a 22-gauge spinal needle using an anterioposterior (AP) 
view and oblique view image. To obtain the best oblique view 
of the lumbar intervertebral foramen, a true AP view was 
made first and the scope was rotated toward the side to be 
injected approximately 30°. Oblique view with a 22-gauge 
spinal needle in excellent position and in the middle aspect 
of the foramen. 

The second step consists of a 22-gauge spinal needle 
percutaneously advanced through the tissues toward the 

target (Figure 1). Spot AP and oblique fluoroscopic images 
were used throughout the spinal needle insertion while the 
spinal needle is advanced in small increments. An appropriate 
length styleted 22-gauge needle was guided inferior to the 
pars interarticularis and into the neural foramen. 

The third step consists of verification of final needle 
position by C-arm scopy in the AP and oblique view (Figure 1). 
The spinal needle tip is positioned just caudal to the pedicle 
shadow under the 6 o’clock position. Note needle tip is in 
excellent position just lateral to the ‘’6:00’’ position under the 
lumbar pedicle. 

The fourth step consists of non-ionic contrast material 
injected (Figure 1). In the AP view of the lumbar spine, 
the final position of the needle is demonstrated for lumbar 
transforaminal injection. Two ml of non-ionic contrast material 
(Omnipaque 300) is injected to document the appropriate 
contrast spread along the spinal nerve into the epidural 
space. 2 minute was enough for the contrast to dissipate at 
spine. Three-dimensional reconstruction of fire-slice CT data 
showing post-contrast image of sheep spine with needle 
after one hour (Figure 2).

dISCuSSIon

Percutaneous lumbar transforaminal epidural steroid 
injections are  used for the treatment of lower back pain with 
a radicular component secondary to lumbar disc pathology 
or failed back surgery syndrome. Transforaminal epidural 
injections of anesthetic and corticosteroids are generally safe 
with a reported minor complication rate of 10% in the lumbar 
spine (3,17). Advantages of transforaminal corticosteroid 
injection come with increased complexity, requiring technical 
expertise, and bringing with it a significantly increased 
risk of morbidity. Rare but serious morbidity has also been 
documented including intravascular injection, dural puncture, 
transient paraplegia, spinal cord infarction with myelopathy, 
subdural hematoma, cerebellar infarct, and death (1,15). 
Potential complications of dural puncture and subsequent 
injection into the subdural and subarachnoid spaces include 
cauda equina and conus medullaris syndromes, persistent 
paresthesias, arachnoiditis, meningitis, temporary respiratory 
depression, ascending weakness/sensory loss, apnea, and 
unconsciousness (9,10,11,15). Recognition of abnormal 
contrast flow during transforaminal epidural injection should 
help reduce the risk of these complications. These cases 
demonstrate appropriately placed needles, yet upon injection 
of contrast, subdural disbursement of contrast ensued. The 
purpose of these cases is to demonstrate contrast patterns 
that occur after dural puncture, which can occur despite 
apparent proper needle placement and lack of CSF flashback. 

The anatomy of the lumbar intervertebral foramen is 
complex. Therefore, a good knowledge of the anatomy, and 
appropriate handling of the needle is essential. A pair of 
spinal nerve roots leaves and penetrates the dural sac in an 
inferolateral direction, taking with them an extension of dura 
and arachnoid mater referred to as the dural sleeve (12,14). 
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Figure 2: Three-dimensional reconstruction of fire-slice 
CT data showing post-contrast image of sheep spine with 
needle. A) 3-D images, B) sagittal image, C) axial image.

Figure 1: The step of lumbar transforaminal epidural injection. A) By C-arm scopy in the AP view.  B) The C-arm is then rotated until an 
ipsilateral oblique view projects the superior articular process of the intrasegmental level so that it appears to lie under the 6 o’clock 
position of the target pedicle. C) The needle was placed in the superior and anterior aspect of the corresponding neuroforamen under 
fluoroscopy in oblique view. d) Needle was showed laterally view. e) Verification of final needle position by fluoroscopy in AP view is 
mandatory at this stage of the procedure. F) Post-contrast image of sheep spine with needle was demonstrated by AP view.
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in the thoracic region, which is considerably less in sheep 
(16,18). 

The cadaveric sheep spine model presented here is intended 
only for laboratory training, as discussed previously. This is 
not an anatomic study of the sheep spine in the context of 
veterinary medicine (13). Therefore, except for the anatomic 
similarities to corresponding structures of the human spine, 
other definitions, locations, and variations of vessels and 
neural structures mentioned in this article are not the subject 
of the training model and are beyond the scope of this study.

ConCluSIon 

We believe that laboratory training is an important step for 
training in invasive pain procedures. This model of cadaveric 
sheep spine does simulate well the standard steps of the 
percutaneous transforaminal epidural injection to the lumbar 
spine, and is a useful method for accustoming pain trainees 
and residents to transforaminal procedures performed on  
the human spine. 
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