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Abstract: Spinal injection procedures can be performed blindly or, more accurately, with fluoroscopic or computed 

tomography (CT) guidance. Radiographic guidance for selective nerve root blocks and epidural injections allows an 

accurate needle placement, reduces the procedure time and is more secure for the patient, especially in patients with 

marked degenerative changes and scoliosis, resulting in a narrowing of the interlaminar space. Limiting factors remain the 

availability of scanners and the radiation dose. Interventional CT scan protocols in axial CT-acquisition mode for epidural 

and periradicular injections help to limit the radiation dose without a significant decrease of image quality. The purpose of 

this retrospective study was to analyze the effective radiation dosage patients are exposed during CT-guided epidural 

lumbar and periradicular injections. A total amount of n=1870 datasets from 18 months were analyzed after multiplying 

the dose length product with conversion factor k for each lumbar segment. For lumbar epidural injections (n=1286), a 

mean effective dose of 1.34 mSv (CI 95%, 1.30-1.38), for periradicular injections (n=584) a mean effective dose of 1.38 

mSv (CI 95%, 1.32-1.44) were calculated. 
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INTRODUCTION 

 Computed tomography (CT) is a well-accepted tool for 
the precise needle placement in many spinal interventions. 
The mean benefits are accuracy, reduction of complication 
rates and patient comfort due to the minimal invasive 
procedure. Despite these benefits, the radiation dose still 
remains a serious concern, contributing to a controversial 
discussion between blind punctions and radiographic-
guidance in Germany [1-3]. Because of the increasing 
amount of spinal disorders among the population, the need 
for conservative spinal interventions is increasing. In fact, 
due to reports of the Medicare population, the rate of 
epidural injections is rapidly growing [4]. 

MATERIAL AND METHODS 

 Datasets from 1870 CT-guided lumbar injections 
between 09.11.2009 and 09.05.2011 were analyzed for the 
radiation dose according to the type of procedure and 
segment, making a total amount of 1286 epidural lumbar 
injections and 584 lumbar nerve blocks (lumbar epidural 
injections n=932/yr, lumbar nerve blocks n=387/yr). For CT-
guided interventions we use the SOMATOM Emotion 
scanner (syngo CT 2009E, 16-slice solution, Siemens 
Medical Solutions AG, Erlangen, Germany) with 
interventional protocol (axial CT-acquisition, topogram: 120 
mAs, 130 kV, scan: 80 mAs, 130 kV, intervention: 50 mAs, 
130 kV) to reduce the radiation exposure. The injection is 
provided by experienced orthopaedic surgeons, specialized 
in the conservative therapy of spinal disorders using the 
techniques described by Wagner [5, 6]. A total amount of  
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1870 patients undergoing CT-guided spinal injections were 
included into the retrospective data analysis study. Effective 
dose was calculated by multiplying dose-length product 
(DLP) and conversion factor (k factor) [7, 8]. For each 
lumbar segment, descriptive statistical analysis was 
performed with SPSS Statistics 17.0, IBM, Armonk, New 
York 10504, 2008. 

RESULTS 

 A total amount of 1286 epidural lumbar injections and 
584 lumbar nerve blocks were performed with CT-guidance. 
Per patient, there were 3-6 scans needed for the procedure, 
with an average intervention time of 5-10 minutes 
(positioning, unclothing, desinfection, preparation, 
topogramm, intervention). There were no complications 
during the interventions. For epidural lumbar injections 
(n=1286), mean effective dose (E) of 1.34 mSv (CI 95%, 
1.30-1.38) was calculated, for lumbar nerve blocks (n=584), 
mean effective dose was 1.38 mSv (CI 95%, 1.32-1.44) (see 
Fig. 1 and Table 1).  

DISCUSSION 

 There is a controversy regarding the optimal imaging-
technique for spinal injection procedures in the international 
literature. While some authors prefer blind injections, there 
are also interventionalists using sonography-, MRI-, 
fluoroscopy- or CT-guidance for a safe epidural or 
periradicular needle placement [3, 9-12]. 

 The CT-guided technique is described as fast, safe, and 
highly accurate in proving appropriate needle placement in 
epidural injections [8] (see Fig. 2). For periradicular 
injections, CT- guided injections are described to be superior 
to fluoroscopy-guided for both the visualization and a  
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Fig. (1). Effective Dose in mSv in lumbar epidural (left) and periradicular (right) injections. 

 

Fig. (2). CT-guided epidural injection at the level L5/S1 (left image) and periradicular injection near the L5-nerve root (right image) in the 

standard interventional protocol (axial CT-acquisition). 

 

Table 1. Segmental Distribution of Effective Doses in Epidural und Periradicular Lumbar Injections 

 

Procedure Number of Injections n Mean Effective Dose mSv Confidence Interval 95% Median eff. Dose mSv Standard Deviation 

EDU L 1/2 9 1.04 0.62-1.46 0.87 0.55 

EDU L 2/3 142 1.31 1.21-1.40 1.14 0.57 

EDU L 3/4 295 1.36 1.28-1.45 1.11 0.74 

EDU L 4/5 563 1.37 1.30-1.44 1.13 0.80 

EDU L 5/s1 277 1.29 1.21-1.38 1.13 0.70 

Radix L1 0 - - - - 

Radix L2 22 1.25 1.05-1.45 1.17 0.46 

Radix L3 44 1.3 1.11-1.48 1.14 0.61 

Radix L4 131 1.27 1.18-1.36 1.17 0.50 

Radix L5 322 1.46 1.37-1.54 1.22 0.81 

Radix S1 65 1.33 1.17-1.50 1.11 0.68 
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longer-lasting effect [10]. Despite the accuracy, the patient`s 
and physician`s exposure to radiation in CT –guided 
interventions remains a serious concern [13]. 

 There are two possible types of radiation effects on 
human body: the so called deterministic effects above a 
threshold dosage (like erythema, tissue necrosis, epilation, 
hematopoietic or gastrointestinal damage) and stochastic 
effects (like genetic effects and cancer induction), which do 
not have a threshold dose [14]. Clinical symptoms of 
radiation exposure start to appear at doses more than 0.5 Gy. 
The most radiosensitive tissues are haematopoietic and 
lymphatic systems, responding already to single exposures as 
small as 0.5-1 Gy. Mitotic cell division is delayed in doses 
greater than 0.5 Gy and at more than 3 Gy, the mitotic rate is 
irreversibly arrested [15]. Radiation dermatitis is induced 
above the 2000 mGy threshold, while radiation-induced skin 
changes were also reported at levels of 1000 mGy [16]. The 
physicians should be concerned about both effects in 
interventions using ionizing radiation. While working under 
the threshold doses of deterministic effects prevents these 
damages, the cumulative stochastic effects of repetitive 
exposure to low dose radiation are random, may take 
decades to manifest and can only be simulated. Cancer 
induction is the most important stochastic effect, estimated at 
absorbed doses of less than 1 Gy [17]. Leukemia seems to be 
associated with chronic radiation exposures with doses as 
low as 50-100 cGy, with a linear correlation between dose 
and incidence in doses between 100-500 cGy [15]. Other 
stochastic effects associated with exposure to ionizing 
radiation are thyroid, bone, lung and other cancers. 
 

 There is an amount of radiation exposition doses in spinal 
CT- examinations and interventions described in literature, 
which vary significantly between and within institutions, 
depending on the settings, the interventionalist and the 
preferred technique [18, 19]. Leng et al. compared the 
effective doses using the k- conversion factor for the helical 
mode and Monte Carlo organ dose coefficients for 
intermittent mode for interventional CT procedures [20]. For 
injections, they described an effective dose of 9.1 ± 5.5 mSv. 
Carlson et al. described a median overall patient radiation 
dose of 738 mGy (corresponding to approx. 11.07 mSv) for 
CT-guided procedures like aspirations, biopsies and catheter 
drainages [21]. Shepherd et al. reported a mean total DLP of 
199 ± 101 mGy for spinal injection procedures after 
changing CT acquisitions from helical to axial mode [22], 
corresponding to a mean effective radiation dose of 2.99 
mSv (for lumbar injections only= 3.3 mSv). Schmid et al. 
compared the radiation doses in CT- and fluoroscopy-guided 
epidural injections using an Alderson Rando phantom at the 
lumbar segment L4/5 [23]. They described effective doses of 
1.51 to 3.53 mSv (4-10 scans) for CT-guidance for standard 
protocols and 0.22 to 0.43 mSv (4-10 scans) for low dose 
protocols. For fluoroscopic guidance they described effective 
doses of 0.43 to 1.25 mSv (1-3 min) in continuous mode and 
less than 0.1 mSv for pulsed mode (1min, 3 pulses/sec). 
Hoang et al. calculated mean radiation doses of 0.85 mSv for 
lumbar epidural steroid injections using conventional 
fluroscopy-guidance and 3.35 mSv for CT-fluoroscopy 
guidance, when a full diagnostic lumbar scan was performed 
as a part of the procedure [24]. Depending on the tube 
current and energy settings there are also reports of CT-
guided interventions, which lead to much higher radiation 

 

Fig. (3). Comparison of standard interventional protocol (left image) and low-dose protocol (right image) in CT-guided L5-nerve root block. 

Despite the reduced contrast in the low-dose image, the needle (29 gauge, most thin needle caliber) is still visible as good as the bony 

landmarks of the neuroforamen. A dose reduction of 85% was achieved. 
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exposures, in some cases up to 830 mGy per procedure 
(corresponding to 12.45 mSv) [25]. Our measures 
correspond to radiation doses in Schmid`s study for standard 
interventional CT-protocols. Despite the fact that these doses 
are lower than doses mentioned in other studies and below 
the threshold of deterministic radiation effects mentioned 
above, one must be concerned about the cumulative 
stochastic effects of repetitive injection therapy. 

 To determine the risk of cancer induction in computed 
tomography examinations and interventions is not 
unproblematic. Based on phantom simulations for spinal 
computed tomography, Richards et al. calculated a relative 
risk ratio for inducing a cancer of 1:3200 for diagnostic 
scans of the whole lumbar spine in standard diagnostic 
protocol and 1:200000 for low dose protocol with an 
estimated effective dose of 0.1 mSv. Narrowing the area of 
interest to dorsal structures from L3-L5 (effective dose of 3.5 
mSv) in standard protocol also reduced the risk to 1:5200 
[26]. 

 The cumulative radiation exposure of patients with spinal 
disorders undergoing CT examinations and interventions is 
underestimated. Despite the good image quality and efficacy 
of CT-guided lumbar procedures, the radiation dose 
reduction should be targeted in further studies. There is a 
wide range of possibilities how to minimize the radiation 
dose exposures in CT-guided interventions. Switching from 
helical to axial image acquisition, reducing the tube current, 
depending on patient`body habitus (AP diameter), tailoring 
the planning CT scan, narrowing the area of interest, as good 
as switching to CT-fluoroscopic navigation and reducing the 
scatter exposure (use of lead drape and radiation protection 
gloves) are described in literature [13, 22, 23]. Since 2011 
we develop in our department low dose protocols which help 
to reduce the radiation exposure with an acceptable image 
quality according to the ALARA-principle (as low as 
reasonably achievable). Fig. (3) demonstrates an example of 
CT-guided periradicular injection comparing standard 
interventional protocol and low-dose protocol, where a dose 
reduction of 85% could be achieved (see Fig. 3). 

CONCLUSION 

 The radiation exposure in CT-guided spinal injections is 
underestimated. Because of the cumulative effect of 
repetitive spinal injections under CT-guidance in patients 
with spinal disorders and the large variety of used radiation 
doses between the performing interventionalists a reduction 
of radiation dose and standardization of CT-protocols should 
be targeted in further studies. 
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ABBREVIATIONS 

CT = Computed tomography 

DLP = Dose length product 

Gy = Gray 

Sv = Sievert 

CI = Confidence interval 

DLP = Dose length product 

EDU = Epidural injection (to determine segment) 

Radix = Nerve root 

mAs = Milliampereseconds 

kV = Kilovolt 
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