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ABSTRACT
Introduction: Collimating the primary beam to the area of diagnostic inter-
est (ADI) has been strongly recommended as an effective method to reduce patient’s 
radiation dose and to improve image quality during radiology practice. Lack or in-
adequate collimation results in excessive radiation dose to patients and deterioration 
image quality.
Objective: To assess the quality of beam collimation during lumbar spine radiog-
raphy at two general hospitals in Ahvaz, Iran.
Materials and Methods: We retrospectively reviewed 830 digital antero-
posterior (AP) lumbar spine radiographs in term of beam collimation. For each radio-
graph, the distance between current and optimal collimation was calculated (in cm). 
The area of ADI and total field size for each radiograph were also calculated (in cm2).
Results: The total mean ADI and irradiated region outside ADI for each radio-
graph were estimated 360 and 454 cm2, respectively. The total irradiated region outside 
ADI was 1.26 times more than ADI. In contrast to cranial regions outside ADI, caudal 
regions were more commonly included inside the primary beam (12% vs. 24.4%; P-
value <0.005). At least in 62% of radiographs evaluated, ovaries were included in the 
primary beam. 
Conclusion: Radiographers should make considerable effort to limit the primary 
beam to the ADI to reduce patient’s exposure and to increase image quality.
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Introduction

Conventional radiological procedures are a significant source of 
radiation exposure to the population, and its use has increased 
substantially over the past decades [1, 2]. Among all convention-

al radiographic examinations, lumbar spine radiography is associated 
with the highest radiation dose [3], as it is responsible for the highest 
collective dose to the UK population [4]. Locating the most radiosensi-
tive organs such as gonads, breast and colon (with high tissue weighting 
factors of 0.08, 0.12 and 0.12, respectively [5]) in or near the primary 
radiation field during radiography of the lumbar spine, raises concerns 
about patient’s safety [3, 4].

In order to minimize such risks and concerns, it is essential to decrease 
the received doses as low as reasonably achievable (ALARA); hence, all 
possible radiation dose reduction methods must be employed [6]. Col-
limating the primary beam to the area of diagnostic interest (ADI) has 
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been strongly recommended as an effective 
method to reduce patient’s radiation dose and 
to increase image quality in radiology practice 
[6-9]. Proper collimation reduces the amount 
of tissue irradiated and the following radia-
tion risk. Increasing image quality by reduc-
ing scatter radiation is an added benefit when 
using collimation [6, 8].

Inadequate collimation has been identified 
as the largest contributor and the most fre-
quent cause of unnecessary patient’s radiation 
dose [7]. As reported by Dowd and Tilson, re-
ducing field size from 8×10 to 6×6 inch results 
in 50% reduction in absorbed radiation dose 
to the patient during lumbar spine radiogra-
phy [6]. Doubling the primary beam region 
results in doubling integral patient dose [7]. 
A significant increase of 25% radiation dose 
to the stomach (a point at distance of 10.2 cm 
from the field edge) has also been reported 
during chest radiography following the use of 
improper large collimation [10]. Lack or inad-
equate collimation of x-ray beam to the ADI 
during lumbar spine radiography is associated 
with excessive radiation dose to the surround-
ing critical organs (gonads, breast and colon) 
and deterioration of image quality. Therefore, 
it is essential that we limit the field size strictly 
to the ADI. 

Material and Methods
After approval, we retrospectively reviewed 

the digital image library of two general hospi-
tals of Ahvaz, Iran to identify the patients who 
underwent lumbar spine radiography during 
five last months (from 21 April to 23 August 
2015). Images were considered eligible for in-
clusion if patient’s age was over 16 years old 
and not taken to scoliosis. In general, 830 an-
tero-posterior (AP) lumbar spine radiographs 
(574 in hospital A and 256 in hospital B) of 
503 male and 327 female were obtained. All 
radiographs were retrospectively reviewed in 
terms of beam collimation. In order to achieve 
consistency, all radiographs were reviewed by 
a single person. The criteria for adequately col-

limation were based on available standard pro-
tocols [9, 11-13]. According to this protocol, 
x-ray beam should be collimated on four sides 
of the lumbar spine as a cranial limit to the up-
per border of 12th thoracic vertebra, caudally 
to the lower border of 1th sacrum vertebra 
and laterally on each side by a vertical line at 
the lateral border of the sacroiliac joints. The 
distance between current and optimal colli-
mation of each radiograph was calculated (in 
cm) using exact electronic ruler available at 
workstation monitors. The ADI and total ir-
radiated area (the applied field size) for each 
radiograph was also electronically calculated 
(in cm2) (Figure 1). Irradiated region outside 
ADI and the percentage distance outside ADI 
from each side for each radiograph were also 
calculated by equations as:

Irradiated area outside ADI (cm2) = (Total 
field size) – (Area of ADI)                           (1)

Distance outside ADI of each side (%) = 
[(Distance between current and optimal col-
limation of each side) / (Distance of current 
collimation)] × 100                                      (2)

Results
The total mean ADI and irradiated region 

outside ADI for each radiograph were esti-
mated 360 and 454 cm2, respectively. The total 
irradiated region outside ADI was 1.26 times 
more than the ADI. In contrast to cranial re-
gions outside ADI, caudal regions were more 
commonly included inside the primary beam 
(12% vs. 24.4%; P-value <0.005) (Table 1). At 
least in 62% of radiographs evaluated, ovaries 
were included in the primary beam. In addi-
tion, in terms of proper collimation, we found 
no significantly statistical differences between 
two inspected hospitals (P-value > 0.005) and 
also between male and female patients (P-val-
ue > 0.005).

Discussion
This study evaluated the quality of beam 
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Figure 1: Example of calculations based on ADI

collimation during lumbar spine radiogra-
phy. Transition from analogue to digital ra-
diography has increased concerns in terms of 
neglecting proper collimation. Two primary 
concerns are the digital image receptors are 
more sensitive to the low levels of radiation 
produced due to the large collimation, which 
causes a reduction in image contrast [14], and 
also electronic masking or cropping of digital 
images to the ADI may be a reason to become 
complacent of radiographers toward proper 
collimation [9, 14]. These concerns have led 
to several published studies [9, 10 and 15]. 
Zetterberg and Espeland (2011) conducted a 
study to examine the quality of beam colli-

mation in 86 analogues and 86 digital lumbar 
spine radiographs, and reported that the mean 
total field size was 46% larger in digital than 
in analogue images. They highlighted these 
larger irradiated areas as causing unnecessary 
high radiation doses to patients [9]. Debess et 
al. (2015) evaluated collimation in 186 chest 
radiographs and reported that 76% to 90% of 
the evaluated radiographs had large collima-
tions [10]. A survey of 450 radiographers by 
the American Society of Radiologic Technolo-
gists (ASRT) revealed that half of the respon-
dents used electronic cropping after the expo-
sure [15].

The results of this study reveal that all ra-
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diographs evaluated more and less had large 
collimations, as the total irradiated field size 
outside ADI was 1.26 times more than ADI. 
Previous studies that evaluated the lumbar 
spine radiographs [9] and chest radiographs 
[10] found also larger collimation than ac-
ceptable. The results of this study also are in 
contrast to Rahimi et al. [16] in which the col-
limation of primary beam to the ADI during 
general radiography was reported 46.4%.

A Monte Carlo study by Chaparian et al. 
(2014) revealed that the mean radiation ab-
sorbed doses to the colon, breast, ovaries and 
testicles from only AP projection of the lumbar 
spine radiography were 0.902, 0.014, 0.613 
and 0.429 mSv, respectively [17]. Following 
this, the mean risk of radiation-induced fatal 
cancer for males and females has also been 
estimated 18.55 and 17.50 per million, respec-
tively [17]. These values certainly simulated 
the assumption of good collimation and proper 
alignment of x-ray field with appropriate ana-
tomical landmarks; therefore, it can substan-
tially increase if these organs are included in 
the primary beam due to large collimation. 
Although excessive radiation dose produced 

by large collimation may not be significant, 
due to frequency of examinations (LS radiog-
raphy has been identified as the third mostly 
frequent radiographic procedure performed 
[18]) and the use of various views (six views 
for individual person in the same area), the cu-
mulative radiation dose could be significant. 
As reported by Vader et al. (2004), a number 
of 273,000 lumbar spine radiographies are 
performed annually in Switzerland which is 
responsible for 1130 Sv collective radiation 
dose to the population [18].

The results of this study emphasize the fact 
that patients receive avoidable excessive ra-
diation dose due to large collimation. Based 
on our results, at least in 62/5% of radiographs 
evaluated, ovaries were included in the pri-
mary beam while they were not of interest. As 
known from literature [19-21], a significant 
dose reduction can be achieved by using go-
nadal shield, of 830 radiographs under inves-
tigation; we found that only one radiograph 
had an evidence of gonad shielding. However, 
discussion on gonad protection is not the focus 
of this study.

One of the common reasons to apply larger 
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Collimation Hospital A Hospital B Male Female
Total
Mean (Min-Max)

Mean field size (cm2) 825.5 799.3 850.4 767.2 814 (453.1-1163)
Mean area of ADI (cm2) 361.6 358.7 369.2 348.9 360.4 (200-459)
Mean area outside ADI (cm2) 464.7* 440.4* 482** 418.1** 454.1 (192.7-737.8)
Cranial distance outside ADI (%) 15.1 7.9 13.4 10.1 12*** (2-23.6)
Caudal distance outside ADI (%) 19.6 30.5 21.5 28 24.4*** (8.2-72.2) 
LL distance outside ADI (%) 23.2 17.51 16.3 18.2 17.1 (8.5-23.3) 
RL distance outside ADI (%) 14 19.4 16.1 16.7 16.4 (6-23.2)

*P-value > 0.005
**P-value > 0.005
***P-value < 0.005
ADI: area of diagnostic interest
RL: right lateral
LL: left lateral

Table 1: Total mean field size, ADI, irradiated region outside ADI and percentage distance out-
side ADI of each side
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Corresponding Structure Level
Angle of mandible C3
Thyroid cartilage C6

Sternal notch T2-T3
Sternal angle T4-T5

Xiphisternal joint T9
Lower costal margin L3

Umbilicus L3-L4
Iliac crest L4

Anterior superior iliac spine S2

Table 2: Superficial anatomical landmarks 
associated with spines for collimation guide

collimation by radiographers is the fear of cut-
ting the ADI and the attitude that it is better to 
be larger than cutting of the ADI and/or repeti-
tion of the examination. An appropriate solu-
tion is learning to use anatomical landmarks 
for collimation guide. Adequate collimation 
during spine radiography is required to un-
derstand these surface anatomical landmarks 
associated with various vertebral segments 
that can be easily palpated. The most reliable 
landmarks for collimation guide are shown in 
Table 2. It is note that it should serve as the 
only point of departure for radiographers to-
ward orientation since considerable individual 
variation will be encountered in daily prac-
tice. This study only evaluated the status of 
collimation during lumbar spine radiography. 
Other directions of future studies can evalu-
ate the length status of the field of scan during 
computerized tomography (CT) examinations. 
It is significant since the doses from CT are 
100-500 times more than conventional radiog-
raphy [22].

Conclusion
Our results demonstrated that patients in 

hospitals investigated received excessive radi-
ation doses due to large collimation. Improper 
radiation collimation causes unnecessarily 

high radiation doses to patients which should 
be reversed. Radiographers should make con-
siderable effort to limit the primary beam to 
the ADI to reduce patient’s exposure and to 
increase image quality, simultaneously. The 
provision of written collimation guidelines in 
radiography rooms and its practical training 
are also recommended. 
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