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Background:

Although many clinicians know about the reducing effects of the pulsed and low-dose modes for fluoroscopic 
radiation when performing interventional procedures, few studies have quantified the reduction of 
radiation-absorbed doses (RADs). The aim of this study is to compare how much the RADs from a fluoroscopy 
are reduced according to the C-arm fluoroscopic modes used. 

Methods:

We measured the RADs in the C-arm fluoroscopic modes including ‘conventional mode’, ‘pulsed mode’, 
‘low-dose mode’, and ‘pulsed ＋ low-dose mode’. Clinical imaging conditions were simulated using a lead apron 
instead of a patient. According to each mode, one experimenter radiographed the lead apron, which was on 
the table, consecutively 5 times on the AP views. We regarded this as one set and a total of 10 sets were 
done according to each mode. Cumulative exposure time, RADs, peak X-ray energy, and current, which were 
viewed on the monitor, were recorded. 

Results:

Pulsed, low-dose, and pulsed ＋ low-dose modes showed significantly decreased RADs by 32%, 57%, and 
83% compared to the conventional mode. The mean cumulative exposure time was significantly lower in the 
pulsed and pulsed ＋ low-dose modes than in the conventional mode. All modes had pretty much the same 
peak X-ray energy. The mean current was significantly lower in the low-dose and pulsed ＋ low-dose modes 
than in the conventional mode.

Conclusions:

The use of the pulsed and low-dose modes together significantly reduced the RADs compared to the 
conventional mode. Therefore, the proper use of the fluoroscopy and its C-arm modes will reduce the radiation 
exposure of patients and clinicians.  (Korean J Pain 2011; 24: 199-204)
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Fig. 1. The lead apron (0.85 mm lead equivalent thickness)
was on the table and the X-ray tube was positioned below
the apron and the detector above the apron.

INTRODUCTION

    Fluoroscopy is a machine that generates X-ray images 

and presents them continuously as visible images during 

a diagnostic or interventional procedure [1]. C-arm fluoro-

scopy is frequently utilized and absolutely necessary in 

modern pain medicine [2]. Although fluoroscopy enhances 

the patients’ safety and increases the accuracy, it also ex-

poses clinicians to the cumulative doses of ionizing radia-

tion [3]. The adverse effects of ionizing radiation on human 

bodies include skin diseases, thyroid cancer, brain tumors, 

cataracts and so on [4]. Such effects are largely divided 

into two types. The “early effects” are acute radiation 

lethality, local tissue damage on the skin or gonads, hem-

atologic effects, and cytogenetic effects, and the “late 

effects” are radiation-induced malignancies such as leuke-

mia and other forms of cancer, deleterious local tissue 

effects, chromosomal toxicity, and/or cataract formation 

[5]. Therefore, for the safety of the patients and clinicians 

it is essential and mandatory to reduce the radiation ex-

posure as far as possible. Available patient dose reduction 

technologies include low fluoroscopy dose rate settings, 

low frame rate pulsed fluoroscopy, spectral beam filtration, 

and use of increased X-ray beam energy [6]. Although 

pulsed and low-dose fluoroscopy has the potential to 

greatly reduce the radiation exposure of clinicians involved 

in interventional procedures, few studies have quantified 

the reduction in radiation- absorbed doses (RADs) accord-

ing to the C-arm modes. The purpose of this study is to 

compare how much the RADs are reduced when using flu-

oroscopy in the C-arm modes. 

MATERIALS AND METHODS

    We measured the cumulative exposure time, RADs, 

peak X-ray energy (kVp), current (mA) in the C-arm fluo-

roscopic modes including the ‘conventional mode’, ‘pulsed 

mode’, ‘low-dose mode’, and ‘pulsed ＋ low-dose mode’. 

A pulsed fluoroscopic mode of 15 frames per second was 

used. The C-arm fluoroscopy was the OECⓇ fluoroscopic 

unit (9800 Plus, Salt LakeCity, Utah) and the automatic 

brightness control (ABC) that manipulates the peak X-ray 

energy and the current of the fluoroscopic X-ray beam 

that provides the appropriate image contrast and bright-

ness on the viewing monitor were used in the study. 

Clinical imaging conditions that are typical in interventional 

procedures were simulated using a 0.85 mm lead equiv-

alent thick apron instead of a patient. According to each 

mode, one experimenter radiographed the lead apron, 

which was on the table, 5 times consecutively on the ante-

roposterior view and tried to press the X-ray on switch 

for the same time intervals (Fig. 1). We regarded this as 

one set and a total 10 sets were done according to each 

mode. The cumulative exposure time, RADs, peak X-ray 

energy, and current that were viewed on the monitor were 

recorded. Data were analyzed by one-way ANOVA followed 

by Turkey’s test for multiple comparisons. Analytical re-

sults were considered statistically significant if the P value 

was less than 0.05.

RESULTS

    The mean cumulative exposure time, RADs, peak 

X-ray energy, and current according to the C-arm modes 

are presented in Table 1.

1. Time 

    The mean cumulative exposure time was significantly 

lower in the pulsed (1.6 ± 0.5) and pulsed ＋ low-dose 

modes (1.0 ± 0.2) than in the conventional mode (2.7 ± 

0.1). The low-dose mode and conventional mode had the 

same mean cumulative exposure time (2.7 ± 0.1) (Table 1, 

Fig. 2). 
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Table 1. Mean Cumulative Exposure Time, Radiation-absorbed Doses (RADs), Peak X-ray Energy (kVp), Current (mA) according to C-arm
Modes

Convention Pulsed Low-dose Pulsed + low-dose

Time (s)
RADs
Mean RADs/mean time
Peak X-ray energy (kVp)
Current (mA)

2.7 ± 0.1
8.2 ± 0.4

3.1
80.0 

2.8 ± 0.4

1.6 ± 0.5*
5.6 ± 1.8*

3.5*
81.6 ± 1.4*

3.1 ± 0.1*

2.7 ± 0.1
3.5 ± 0.2*

1.2*
83.4 ± 1.3*

1.1*

1.0 ± 0.2*
1.4 ± 0.3*

1.4*
83.9 ± 0.3*

1.1*

Data are presented as means ± SDs. Analytical results were considered statistically significant if the *P value was less than 0.05. Pulsed
fluoroscopic mode of 15 frames per second was used. 

Fig. 2. Comparison of time, radiation-absorbed doses (RADs),
mean RADs/mean time and current (mA) among modes by
graphs. Pulsed fluoroscopic mode of 15 frames per second 
was used. *P ＜ 0.05. †Unit is expressed as second in Time,
mRADs/cm2 in RADs, mRADs/cm2ㆍsecond in RADs/Time,
and mA in Current.

Fig. 3. Comparison of peak X-ray energy (kVp) among 
modes by graphs. Pulsed fluoroscopic mode of 15 frames 
per second was used. *P ＜ 0.05.

2. RADs and RADs/Time

    The mean RADs was significantly lower in the pulsed 

(5.6 ± 1.8), low-dose (3.5 ± 0.2), and pulsed ＋ low-dose 

modes (1.4 ± 0.3) than in the conventional mode (8.2 ± 

0.4). The mean RADs/Time was significantly lower in the 

low-dose (1.2) and pulsed ＋ low-dose modes (1.4) than 

in the conventional mode (3.1). The mean RADs/Time in 

pulsed mode (3.5) was similar to that of the conventional 

mode (3.1) (Table 1, Fig. 2).

3. Peak X-ray energy and Current 

    All modes were pretty much the same for the peak 

X-ray energy. However, the mean peak X-ray energy was 

higher in the pulsed ＋ low-dose mode (83.9 ± 0.3) than 

in any other modes and the mean peak X-ray energy was 

lower in the conventional mode (80.0) than in any of the 

other modes. The mean current was significantly lower in 

the low-dose (1.1) and pulsed ＋ low-dose modes (1.1) than 

in the conventional mode (2.8 ± 0.4). The mean current 

in the pulsed mode (3.1 ± 0.1) was similar to that of the 

conventional mode (2.8 ± 0.4) (Table 1, Fig. 2, and 3). 

DISCUSSION

    Modern fluoroscopes typically offer two modes of flu-

oroscopy: either the X-ray beam is continuously on, or the 

X-ray beam is pulsed on for only a few strobe-like pulses 

of X-rays each second [7]. Manufacturers commonly offer 

clinicians a choice of several different fluoroscopic pulse 

rates ranging from a minimum of 2 or 3 frames/s, to a 

maximum of 30 frames/s (usually called continuous fluo-

roscopy by most manufacturers) [8]. 

    Pulsed fluoroscopy can always decrease the radiation 

dose. In this study, the 15 frames per second pulsed mode 

showed a significantly decreased exposure time by 41% and 
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Fig. 4. According to C-arm 
modes, four fluoroscopic ima-
ges blocking lumbar medial 
branch nerves. (A) Conven-
tion mode. (B) Pulsed mode.
(C) Low-dose mode. (D) 
Pulsed ＋ low-dose mode.

decreased RADs by 32% compared to the conventional 

mode. The reason for this is that manufacturers increase 

the duration or the amplitude or power of each fluoroscopic 

radiation pulse as the fluoroscopic pulse rate is decreased. 

They do this to retain at least reasonable image quality 

[9]. With the low-dose mode, the exposure is reduced 

through the adjustment of the peak X-ray energy and 

current to create the X-ray beam [3]. In this study, the 

low-dose mode showed a significantly decreased current 

by 60% and decreased RADs by 57% and slightly increased 

peak X-ray energy by 4% compared to the conventional 

mode. The pulsed ＋ low-dose mode showed significantly 

decreased RADs by 83% and decreased exposure time by 

63% compared to the conventional mode. Conclusively, us-

ing the pulsed mode and low-dose modes together showed 

significantly decreased RADs than in any other mode. 

    Pulsed fluoroscopy has 2 disadvantages. On a real- 

time fluoroscopic image, as the pulse rate is lowered, the 

cumulative radiation dose decreases, and the real-time 

fluoroscopic image becomes more noisy or grainy [9]. 

According to the C-arm modes, four fluoroscopic images 

blocking the lumbar medial branch nerves were shown in 

Fig. 4. The fluoroscopic image was darker and grainier in 

the pulsed mode (B) than in the conventional mode (A) be-

cause the increased current applied to the X-ray tube pro-

duces more X-rays, and the more X-rays that strike the 

image intensifier, the darker the image is [10]. The fluoro-

scopic image was brighter with less contrast between the 

different tissues in the low-dose mode (C) than in the con-

ventional mode (A), thereby reducing the image detail. In 

our experience, generally, a low-dose fluoroscopic image 

is a slightly better detailed image than the 15 frames per 

second pulsed fluoroscopic image. However, the X-ray 

dose and image quality are interrelated and the image may 

differ due to the patients weight, fluoroscopic pulse rate, 

peak X-ray energy, current and X-ray tube-patient-image 
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intensifier distance [11,12]. A trade-off between image 

quality and radiation exposure is inevitable, however, sup-

portive techniques are considered to provide optimal image 

quality while reducing radiation exposure to a level as low 

as reasonably achievable. 

    Collimation is helpful in optimizing the image quality 

because the ABC mode attempts to optimize the image 

quality by taking into account the exposure needed across 

the entire field of exposure. Useful application of collima-

tion can exclude areas of greatly varying radiodensity to 

improve the image quality by reducing the range of den-

sities included in the field [6]. The clarity of small struc-

tures, or image detail, can be improved by lowering the 

peak X-ray energy and by reducing the distance between 

the patient and the image intensifier [10]. 

    Second, with very slow pulse rates, motion such as 

swallowing or peristalsis becomes jerky [9]. However, con-

tinuous fluoroscopy is not the only alternative. The human 

visual system requires a certain of amount of time (0.2 s) 

to “integrate” an image. This integration time suggests 

that there may be little image-quality reward from con-

tinuous fluoroscopy, because the human visual system will 

produce strobelike images for interpretation, regardless if 

the X-ray beam is on continuously or not [13]. Pulsed fluo-

roscopy can also provide better temporal resolution for 

moving objects than continuous fluoroscopy since pulsed 

fluoroscopy provides strobelike “stop-motion” images at a 

variable number of pulses per second [14].

    This study has limitations such as not measuring the 

biological effects of the RADs (BERADs) and only measur-

ing the RADs itself. However, since RAD is proportional to 

BERAD, we can predict the BERADs on the body according 

to the C-arm fluoroscopic modes.

    In conclusion, the use of the pulsed and low-dose 

modes together significantly reduced the RADs compared 

to the conventional mode. Therefore, the proper use of the 

fluoroscopy and its C-arm modes will reduce the radiation 

exposure of patients and clinicians. Because of the reduced 

image quality with the pulsed and low-dose settings, how-

ever, an ideal way to reduce the RADs would be to use 

these modes intermittently during a procedure. When the 

clinicians do not need detailed image quality such as a 

medial branch block, they can use the pulsed and low-dose 

modes together. If clinicians need images with more details, 

using the low-dose mode is another alternative. Supportive 

techniques such as collimation, lowering the peak X-ray 

energy, reducing the distance between the patient and the 

image intensifier are considered to provide the optimal im-

age quality. Continuous or conventional modes can be used 

during image setup for a procedure using distance and 

shielding to protect against radiation exposure. 

REFERENCES 

1. Raj PP, Lou L, Erdine S, Staats PS, Waldman SD, Racz G, 
et al. Interventional pain management: Image-guided pro-
cedures. 2nd ed. Philadelphia, Saunders Elsevier. 2008, 
p 11.

2. Kim TW, Jung JH, Jeon HJ, Yoon KB, Yoon DM. Radiation 
exposure to physicians during interventional pain procedures. 
Korean J Pain 2010; 23: 24-7. 

3. Goodman BS, Carnel CT, Mallempati S, Agarwal P. Reduction 
in average fluoroscopic exposure times for interventional 
spinal procedures through the use of pulsed and low-dose 
image settings. Am J Phys Med Rehabil 2011 [Epub ahead 
of print]

4. Cousins C, Sharp C. Medical interventional procedures- 
reducing the radiation risks. Clin Radiol 2004; 59: 468-73.

5. Mroz TE, Yamashita T, Davros WJ, Lieberman IH. Radiation 
exposure to the surgeon and the patient during kyphoplasty. 
J Spinal Disord Tech 2008; 21: 96-100.

6. Miller DL, Vañó E, Bartal G, Balter S, Dixon R, Padovani 
R, et al. Occupational radiation protection in interventional 
radiology: a joint guideline of the Cardiovascular and Inter-
ventional Radiology Society of Europe and the Society of 
Interventional Radiology. Cardiovasc Intervent Radiol 2010; 
33: 230-9. 

7. Brown PH, Thomas RD, Silberberg PJ, Johnson LM. Optimi-
zation of a fluoroscope to reduce radiation exposure in 
pediatric imaging. Pediatr Radiol 2000; 30: 229-35.

8. Cohen MD. Can we use pulsed fluoroscopy to decrease the 
radiation dose during video fluoroscopic feeding studies in 
children? Clin Radiol 2009; 64: 70-3. 

9. Cohen MD. Optimizing the use of pulsed fluoroscopy to 
reduce radiation exposure to children. J Am Coll Radiol 
2008; 5: 205-9.

10. Rathmell JP. Atlas of image-guided intervention in regional 
anesthesia and pain medicine. Philadelphia, Lippincott 
Williams & Wilkins. 2006, pp 9-15. 

11. Uppot RN, Sahani DV, Hahn PF, Kalra MK, Saini SS, Mueller 
PR. Effect of obesity on image quality: fifteen-year 
longitudinal study for evaluation of dictated radiology reports. 
Radiology 2006; 240: 435-9. 

12. Wagner LK, Archer BR, Cohen AM. Management of patient 
skin dose in fluoroscopically guided interventional proce-
dures. J Vasc Interv Radiol 2000; 11: 25-33.

13. Aufrichtig R, Xue P, Thomas CW, Gilmore GC, Wilson DL. 



204 Korean J Pain Vol. 24, No. 4, 2011

Perceptual comparison of pulsed and continuous fluoro-
scopy. Med Phys 1994; 21: 245-56.

14. Brown PH, Silberberg PJ, Thomas RD, Strife JL, Towbin RB. 

A multihospital survey of radiation exposure and image quality 
in pediatric fluoroscopy. Pediatr Radiol 2000; 30: 236-42.


