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Introduction

In radiation protection, optimization plays a key role. The ALARA 
principle aimed to minimize radiation dose while maintaining nec-
essary image quality parameters [1]. In radiography, the collima-

tion of the radiation field is utilized to reduce exposure [2]. In the past, 
the limited size of the film-screen system and the high cost of radio-
graphic film prevented unnecessary irradiation of patients with larger 
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ABSTRACT
Background: In radiology, optimizing radiation protection is crucial, and field  
collimation plays a critical role in minimizing patient dose. As technology has evolved, 
electronic collimation has become the preferred method due to its effectiveness in digi-
tal imaging systems, replacing traditional film-screen systems. 
Objective: The current study aimed to investigate the prevalence of cropping 
in digital radiography and its potential impact on patient radiation dose because of  
improper collimation practices.
Material and Methods: This retrospective analysis was conducted on digi-
tal X-ray machine images. Quality control tests were performed to ensure equipment  
accuracy, and image cropping was then measured by analyzing archived images.  
Finally, the cropped image fraction and associated unnecessary radiation doses were 
calculated. 
Results: Quality control tests confirmed that all imaging equipment was  
functioned within acceptable alignment and angle tolerances. The analysis of 911 im-
ages revealed a high prevalence of cropping (82%), with significant variation across 
different projections. Lateral knee images exhibited the highest cropping rate (96.2%), 
while abdominal images had the lowest (36.1%).  
Conclusion: Electronic image cropping can lead radiologic technologists to  
inaccurately define the primary radiation field, affecting image quality and potentially 
increasing patient radiation exposure. Based on the obtained results, proper collima-
tion can reduce the average Dose Area Product (DAP) by 29.01%. This approach not 
only enhances patient safety but also minimizes unnecessary radiation exposure and 
potentially reduces healthcare costs.
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fields [3]. Experienced radiologic technolo-
gists would capture both projections of a limb 
using a single cassette [4] and also position 
the organ center in the middle of the light field 
after setting up the tube with a detector, lead-
ing to easier limitation of the radiation field. 
Consequently, experienced technologists can 
accurately identify landmarks and adjust the 
radiation beam to the specific Region of In-
terest (ROI) to properly position the radiation 
beam center [5].

Flat-panel detectors led to digital produc-
tion of radiographic images [6]. The reduced 
cost and time required to create images, along 
with the capability of transferring and elec-
tronically archiving them, and the potential 
for post-processing, have significantly con-
tributed to the complete replacement of the 
film-screen system by digital radiography [7]. 
Image post-processing resulted in adjusting 
image contrast and density with the capability 
for electronic collimation [8] to remove un-
necessary parts of an image; this process is in-
tended to eliminate the penumbra effect of the 
collimator. However, it is frequently misused 
to exclude images of body parts that have been 
unnecessarily exposed to radiation [9]. On the 
other hand, removing parts of the image by 
technicians might result in missing valuable 
information, which were not detected by the 
technician. Meanwhile, the patient should 
be informed about the information acquired  
during an X-ray examination [10].

However, the mentioned problems can lead 
to the negligence of radiologic technologists 
regarding the ALARA principle. Useful in-
formation might be lost by cropping the im-
age because following up on this issue is not 
as straightforward as with the film-screen 
system. After sending the cropped image 
from the workstation to PACS, the original 
image cannot be viewed in PACS, and only 
the cropped image is displayed [7]. Based on 
imaging protocols, the radiation field should 
be limited to the anatomical area. In some 

projections, such as Anterior-Posterior (AP) 
and lateral skull, the field should be open one 
inch beyond the border of the structure [11]. 
However, for other projections, the protocols 
do not have absolute certainty, depending on 
the radiologic technologist’s opinion to de-
termine the radiation field [12]. The current 
study aimed to examine the extent of crop-
ping in digital radiography techniques and 
determine the additional dose.

Material and Methods

Hospital
This retrospective analytic study was con-

ducted by reviewing radiographic images 
archived in the hospital’s database, Kowsar 
Hospital, Semnan, Iran. A total of 26 radiog-
raphers, with an average of 6.4 years of pro-
fessional experience, operated the machine in 
mandatory shifts. The department provided 
services to outpatients from hospital clinics, 
emergency rooms, and hospital wards, ex-
cluding pediatric and women’s specialties. 
This unit is equipped with a direct digital 
X-ray machine (a TOSHIBA ROTANODE 
model (E7275X, Japan)), and the radiography 
patient couch is a SYFM model (ST – 3300, 
Korea) with a flat panel size of 43×43 cm2. 
The device’s software is Konica Minolta cs-7, 
displaying the radiation parameters, including 
the tube voltage (kVp), tube current (mA), 
time (s), and the Dose-Area Product (DAP) in 
dGy.cm2 after the radiography in the radiation 
parameters. Using the system software, the 
dimensions of the image field can be obtained 
with an accuracy of 1 mm. After the image 
was retrieved from the database archive, the 
cropped image was displayed by the radio-
logic technologist (Figures 1-3). The dimen-
sions of the cropped image are first recorded 
and then reverted into the pre-cropping state 
to record the dimensions of the original radia-
tion field and measure the extent of the image 
cropping.

458



J Biomed Phys Eng 2024; 14(5)

Electronic Collimation Impact in Radiography

Quality Control
Quality control tests were first conducted to 

ensure the adjusted light field aligned with the 
X-ray field, as any misalignment can lead to 
unnecessary patient radiation exposure.

For this test, a Pro-Digi radiography phan-
tom was employed, and the light field of the 
device was adjusted to match the phantom’s 
18×24 cm2 field lines, with the Source-to-Im-
age Distance (SID) set at 100 cm. Exposure 
was performed using conditions of 50 kVp 
and 3 mAs, and the deviation of the radia-
tion field from the light field lines was mea-
sured using the ruler tool with an acceptable  
deviation of <±2 cm on each side [13].

A cylinder with a height of 10 cm, with a 
ring at the beginning and a pellet at the end, 
was used to verify the accuracy of the radia-
tion angle. The SID was set at 100 cm. The 
center of the radiation beam was then directed 
to the middle of the cylinder using exposure 
conditions of 50 kVp and 3 mAs. Follow-
ing that, the deviation of the pellet from the  
center of the ring was measured using the  
ruler tool in the workstation software  
(deviation < less than ±1 cm) [13].

Data Collection
A total of 36 projections were evaluated  

(Table 1), and patient images were included 
in the study in both a sequential and random 
manner. Only the dimensions of the organ 
under examination were effective variables 
in the collimation of the radiation beam. The  
information was retrospectively reviewed 
from the image archive to avoid any poten-
tial interference from radiologic technologists 
and students.

Data Analysis
The cropped fraction, the ratio of the cropped 

area to the original image area, was calculat-
ed for the evaluation of each image, and the 
average amount was computed (Equation 1) 
[14]. The unnecessary dose was obtained by 

Figure 1: Represents the electronic  
collimation field, the radiographic collima-
tion field, and the silver line in the lateral 
projection of the elbow.

Figure 2: Anteroposterior (AP) projection of 
the abdomen showing minimal cropping on 
the sides.

459



J Biomed Phys Eng 2024; 14(5)

Amir Mohammad Esmaeilian, et al

multiplying the DAP by the cropped fraction 
for each image. Furthermore, the percentage 
of unnecessary doses was calculated from the 
ratio of the unnecessary dose to the DAP of 
each image.

area of radiation field area of electronic collimationcropped fraction
area of radiation field

−
= (1)

Data with normal distribution were assessed 
using the t-test statistical method to evaluate 
any significant difference between the area of 
the initial image and electronic collimation. 

For non-normally distributed data, the Mann-
Whitney test was utilized. All statistical tests 
were performed using a significance threshold 
of P-value<0.05. The statistical analysis was 
carried out using Microsoft Office Excel 2024 
and IBM SPSS Statistics version 26 software.

Results

Quality Control
The quality control of radiographic devices 

Figure 3: Lateral projections of the lumbar vertebrae and nose. Although the cropped fraction 
is higher in the nose, the unnecessary dose from radiation exposure to non-essential areas is 
higher in the lumbar spine.

Region Projection Region Projection Region Projection
Abdomen AP T spine AP, LAT Elbow AP, LAT

Pelvic AP L spine AP, LAT Humerus AP, LAT
Chest AP, PA, LAT Hand PA, OBL Shoulder AP, LAT
Skull AP, LAT Wrist AP, LAT Foot AP, OBL

C spine AP, LAT Forearm AP, LAT Ankle AP, LAT
Leg AP, LAT Knee AP, LAT Femur AP, LAT

AP: Anteroposterior, PA: Posteroanterior, LAT: Lateral, OBL: Oblique

Table 1: The 36 projections studied for evaluating the crop fraction and unnecessary dose.
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As shown in Figure 5, the lateral projec-
tions of the cervical spine, the AP projec-
tion of the skull, and both the anterior and 
lateral projections of the elbow exhibited 
higher cropped fractions compared to other  
projections. Among these, the lateral projec-
tion of the elbow has the highest cropped 
fraction, at 0.466. Conversely, the anterior 
projection of the abdomen has the lowest 
cropped fraction, at 0.068.

Additional Dose
Based on the results of the present study, 

which assessed the DAP across various  
projections, the highest and lowest DAP 
values were observed in the lateral projec-
tion of the lumbar vertebrae and the na-
sal bone, with an average of 5.40 and 0.04 
dGy.cm², respectively. Additionally, this 
research revealed that, among the 36 ana-
lyzed projections, the dose ranged from 
0.017 to 1.444 dGy.cm² for areas subjected 
to supplementary radiation. As illustrated in  
Figure 6, projections involving large body 
areas and high exposure parameters, such 
as those of the spine, are subject to greater 
amounts of unnecessary radiation. There-
fore, precision in the application of radio-
logical collimation for these projections is of  
paramount importance.

The additional dose percentage was calcu-
lated for each projection’s images. The re-
sults indicate that the lateral projection of the  

importantly affects the reduction of unnec-
essary patient doses. In the present study, 
the quality control tests of the radiographic 
equipment are reported at Kowsar Hospital, 
Semnan, Iran, and the alignment of the light 
field with the radiation field was first assessed 
with the acceptable range of ±2 cm of de-
viation at 100 cm SID from each side of the  
radiation field (Table 2).

Subsequently, the accuracy of the radia-
tion angle was tested with a 0.2-centimeter 
deviation of the pellet image from the center 
of the circle, which is well within the defined 
standard range of 1 cm. The outcomes of 
these tests indicate the device’s satisfactory  
performance in producing quality images.

Cropped Fraction
In total, 911 radiographic images were  

evaluated from the database archive. The ex-
tent of image cropping and unnecessary radia-
tion dose to patients was analyzed. According 
to the results, 82% of all examined images 
were cropped, and the remaining images were 
then sent to the PACS without any cropping. 
Among the cropped images, projections relat-
ed to joints and the vertebral column had the 
highest share, leading to cropping in 96.2% 
of knee lateral projection images. Images of 
larger body regions, like the abdomen and  
femur, showed the least cropping. In fact, 
only 36.1% of abdominal X-ray images  
required cropping.

The results obtained from the current study 
for 36 projections are shown in Table 3. Sta-
tistical analyses related to the area of elec-
tronic collimation in comparison to the area 
of the radiation field showed significant dif-
ferences for all projections (P-value<0.05).

Figure 4 displays the difference between 
the area of the radiation field and electronic 
collimation for each projection. These dif-
ferences clearly highlighted the necessity of 
optimization in the process of primary beam  
collimation.

Direction Deviation (cm)

Right 0.9

Left 0.9
UP 0.5

Down 0.5

Table 2: Results of the alignment test  
between the light field and the radiation 
field.
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Region Projection Sample
Cropped 
image%

Mean 
Area 

radiation 
field (cm2)

Mean Area 
electronic 
collimation 

(cm2)

P-Value
Mean 

Cropped 
fraction

Mean 
Area 
Dose  

(dGy. cm2)

Additional 
Dose  

(dGy. cm2)

Additional 
Dose%

Abdomen AP 36 36.1 1742 1603 0.043 0.068 3.72 0.254 5.55

Pelvis AP 24 75.0 1740 1415 0.000 0.188 3.43 0.648 17.14

Nasal Lateral 10 90.0 402 234 0.001 0.385 0.04 0.017 43.49

Chest

Erect PA 40 72.5 1706 1390 0.000 0.188 0.56 0.107 18.83

Erect Lat 20 80.0 1733 1345 0.000 0.221 1.03 0.229 19.36

Supine 51 76.4 1750 1441 0.000 0.180 1.11 0.202 16.77

Skull
AP 8 87.5 1203 644 0.000 0.442 0.96 0.477 46.79

Lateral 8 87.5 1116 754 0.031 0.289 0.78 0.227 31.56

C spine
AP 22 81.8 894 559 0.001 0.331 0.34 0.117 38.75

Lateral 23 91.3 1054 594 0.000 0.401 0.49 0.208 40.21

T spine
Ap 10 60.0 1093 852 0.018 0.187 1.71 0.320 23.64

Lateral 10 90.0 1337 934 0.000 0.289 3.53 1.021 30.85

L spine
AP 34 82.3 1189 884 0.000 0.230 2.52 0.582 24.95

Lateral 33 93.9 1449 1047 0.000 0.267 5.40 1.444 27.61

Hand
PA 52 71.1 664 495 0.000 0.207 0.14 0.029 24.02

Oblique 51 74.5 647 453 0.000 0.252 0.13 0.034 29.43

Wrist
PA 35 68.5 540 401 0.005 0.229 0.12 0.028 24.99

Lateral 34 91.1 519 333 0.000 0.311 0.13 0.042 36.81

Forearm
AP 23 91.3 916 613 0.000 0.299 0.16 0.048 35.11

Lateral 24 87.5 870 598 0.000 0.278 0.20 0.058 31.46

Elbow
AP 25 92.0 852 428 0.000 0.443 0.11 0.049 50.63

Lateral 25 92.5 901 460 0.000 0.464 0.14 0.066 50.78

Humerus
AP 12 91.6 1232 710 0.008 0.377 0.54 0.178 35.48

Lateral 16 87.5 1377 971 0.002 0.276 0.50 0.139 28.69

Shoulder
AP 20 95.0 1302 801 0.000 0.370 0.39 0.147 36.57

Lateral 7 85.7 1260 762 0.024 0.359 0.35 0.126 37.13

Foot
AP 37 94.5 642 442 0.000 0.283 0.12 0.034 31.14

Oblique 37 86.4 631 456 0.000 0.237 0.12 0.029 26.72

Ankle
AP 28 92.8 604 366 0.000 0.358 0.13 0.049 39.70

Lateral 29 86.2 668 407 0.000 0.342 0.14 0.048 37.36

Leg
AP 19 89.4 1001 762 0.001 0.217 0.19 0.043 22.48

Lateral 15 86.6 1028 824 0.007 0.178 0.22 0.039 18.53

Knee
AP 26 92.3 919 617 0.000 0.289 0.53 0.155 31.30

Lateral 27 96.2 1121 687 0.000 0.365 0.41 0.152 39.57

Femur
AP 23 52.7 1256 1018 0.009 0.161 1.05 0.170 14.18

Lateral 17 88.2 1406 1012 0.020 0.262 1.31 0.343 27.04

AP: Anteroposterior, PA: Posteroanterior, LAT: Lateral

Table 3: Findings for the 36 radiographic projections studied.
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Figure 4: Discrepancy in the area between electronic collimation and the radiation field. 
(AP: Anteroposterior, PA: Posteroanterior, LAT: Lateral)

Figure 5: Cropped fraction for the 36 radiographic projections.
(AP: Anteroposterior, PA: Posteroanterior, LAT: Lateral)
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elbow and abdominal exhibit the highest and 
lowest additional dose at 50.78% and 5.55%, 
respectively. These findings emphasize the 
importance of the collimation of the primary 
beam during radiographic protocols, leading 
to reducing patient dose while maintaining 
image quality.

Discussion
Medical imaging advancements prioritize 

balancing optimal image quality with reduced 
radiation doses [15]. The forthcoming study 
focuses on the assessment of radiation doses 
and the cropped fraction for 36 radiographic 
projections, which revealed that 82% of the 
images were cropped. The lateral projection 
of the knee exhibited the highest cropping 
rate at 96.2%, whereas the abdominal projec-
tion demonstrated the lowest at 36%, showing 
a tendency among radiologic technologists to 
crop the images substantially. Additionally, 
the significant differences between the area of 

the radiation field and electronic collimation 
underscored the importance of precise colli-
mation as an effective factor in managing pa-
tient dose. Neglecting precise collimation can 
lead to increased long-term risks associated 
with radiation exposure [16, 17].

In the current study, the cropped fraction, 
as a key index in assessing the collimation 
of the radiation beam, indicates the extent of 
non-essential information that a radiologic 
technologist has eliminated during electronic 
collimation. The present study revealed a sig-
nificant amount of cropping (>40%) in lateral 
projections of the cervical spine, skull, and 
elbow. Notably, the elbow had the highest 
cropped fraction (46.6%), showing that later-
al elbow X-rays require precise collimation to 
minimize radiation exposure to surrounding 
tissues. Proper collimation ensures a clear im-
age of the elbow while protecting non-target 
areas from unnecessary radiation.

The challenges in positioning patients’  

Figure 6: Additional dose amounts in the 36 radiographic projections.
(AP: Anteroposterior, PA: Posteroanterior, LAT: Lateral)

464



J Biomed Phys Eng 2024; 14(5)

elbows, especially those with trauma, could  
account for this discrepancy. To ensure accu-
rate imaging, the elbow center must be posi-
tioned in the middle of the patient couch. How-
ever, the elbow often does not reach the correct  
position, due to patients’ restricted arm  
movement and the distance from the couch 
edge to its center. Consequently, radiologic 
technologists may widen the radiation field to 
ensure that the elbow joint is fully captured 
within the radiation field. These findings em-
phasize the need for developing and imple-
menting improved collimation techniques 
and strategies. 

Conversely, the anterior abdominal projec-
tion showed the least amount of cropping, 
with only 6.8% requiring adjustments, show-
ing imaging the abdomen and extremities, 
like legs and femurs in adults, often neces-
sitates an entirely open radiation field on one 
or both sides. As a result, electronic image 
cropping is generally less necessary for these 
projections.

In the present study, the obtained results 
are consistent with those of Satharasinghe’s 
2020 study, which examined six anatomical 
regions namely, the neck, chest, sinus, ab-
domen, lumbar vertebrae, and shoulder re-
garding the extent of cropping performed in 
a private healthcare facility equipped with a 
GE Healthcare Digital Radiography system. 
The study revealed that the cervical verte-
brae and the abdomen had the highest and 
lowest cropped fractions at 0.55 and 0.059, 
respectively. These data further underscored 
the varying requirements for electronic col-
limation across different anatomical projec-
tions, highlighting the importance of tailored 
radiographic practices to optimize patient 
safety and image quality [8]. Figure 2 illus-
trates that the radiation field in the abdominal 
radiography of most adult patients is typically 
maximized, which is essential to encompass 
the area from the diaphragm superiorly to 
the pubic symphysis inferiorly, as well as the  

entire width of the patient’s abdomen lateral-
ly. Consequently, the need for electronic im-
age cropping in these projections is minimal, 
revealing the necessity to cover such a com-
prehensive anatomical region for accurate  
diagnostic imaging [8].

It should be noted that a high cropped 
fraction will lead to an increase in the  
percentage of unnecessary doses for that pro-
jection. Based on the results obtained, the 
highest percentage of unnecessary dose was 
at 50.78%, for the lateral projection of the 
elbow, and the lowest percentage of unnec-
essary dose was at 5.55%, for the abdomen. 
However, the additional radiated area is air, 
which cannot lead to an increase in the ef-
fective dose to the patients in many images  
[18, 19].

In this study, the dose assessment index was 
the DAP, affected by exposure parameters and 
the radiated area’s size. In the lumbar spine 
lateral projection, high exposure parameters 
are used due to the significant thickness of the 
body part and the presence of muscular and 
bone tissue in this area. Since the area of the 
imaging region is also large in this projection, 
the highest DAP was observed at 5.24 dGy.
cm2. Conversely, the nasal bone’s lateral pro-
jection, which covers a small area with less 
thickness, registered the lowest DAP at 0.04 
dGy.cm2. Therefore, radiation collimation 
should be precise in the lumbar spine lateral 
projection. Improper collimation can lead to 
unnecessary radiation exposure. In this study, 
omitting collimation for the specific projec-
tion in question led to an additional dose of 
1.444 dGy.cm². Accurate collimation mini-
mizes radiation exposure to surrounding tis-
sues, reducing the overall radiation dose a 
patient receives and enhancing patient safety.

Despite a higher cropped fraction compared 
to the lumbar vertebrae in the nasal projection, 
the unnecessary dose is less than all projec-
tions at 0.017 dGy.cm2, showing the impor-
tance of electronic collimation for projections 

Electronic Collimation Impact in Radiography
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with higher exposure parameters. Figure 3  
displayed the extent of image cropping in 
the lateral projections of the nasal and lum-
bar spine. Junina et al. investigated X-ray  
collimation practices across three health-
care facilities: a university hospital and two  
clinics. All three locations used the same X-
ray system (Adora, NRT, Hasselager, Den-
mark). In summary, the study focused on 
seven commonly used projections: shoulder, 
lumbar vertebrae, chest, hip, knee, foot, and 
hand [14].

Table 3 presents a significant difference in 
all radiographic imaging projections con-
cerning the area of collimation and radiation  
exposure (P-value<0.05). For projections, a 
normal distribution was shown, including the 
lateral cervical spine, chest AP, and lateral, 
lumbar, thigh, knee, leg, heel and foot sole, 
skull, shoulder, and arm. The t-student test 
was employed for statistical analysis. In con-
trast, for projections with a non-normal distri-
bution, the Mann-Whitney test was utilized to 
evaluate the differences.

Electronic collimation was mainly used to 
eliminate shadows caused by scatter radiation 
on the image before delivering it to the patient 
or radiologist, which was performed manu-
ally on some devices and automatically on 
others. Therefore, the image sent to the PACS 
should be a few millimeters away from the 
periphery of the initial radiation field. i.e., the 
Silver Line is visible [3]. In this way, radiolo-
gists were aware of any unnecessary radiation 
exposure to the patient, which is the best way 
to prevent unnecessary radiation exposures.

The electronic collimation, instead of prop-
erly adjusting X-ray collimation, will not only 
lead to unnecessary radiation exposure to the 
patient but also reduce the quality of the im-
age. While patients have the right to access all 
the information, cropping X-rays may some-
times be necessary. Radiologic technologists 
crop images to minimize radiation exposure 
to non-target tissues, ultimately prioritizing  

patient safety [10].
This study had several limitations: 1) despite 

the lack of data on radiologic technologists, 
measures were taken to minimize errors, such 
as increasing the sample size for each imag-
ing projection and limiting the review to five 
images per examination daily. Additionally, 
skull and thoracic spine projections are less 
frequently requested due to limited access to 
CT scan devices, resulting in smaller sample 
sizes for these projections. Future studies 
should aim to examine a larger sample size 
for these specific projections to strengthen 
the robustness of the findings. According to 
the results, the cropped fraction is consider-
able for all projections; therefore, measures 
should be taken toward proper X-ray collima-
tion. This study recommends several strate-
gies to ensure optimal collimation and mini-
mize the risk of inappropriate collimation 
practices, as follows: 1) comprehensive train-
ing programs for radiologic technologists to 
enhance their knowledge and skills required 
for informed decisions about electronic col-
limation because these training emphasize the 
importance of anatomical landmarks, clinical 
judgment, and patient-specific conditions in 
optimizing collimation and 2) regular qual-
ity control assessments, leading to improving 
electronic collimation and image quality and 
reducing unnecessary doses [19].

Conclusion
The advent of electronic image cropping 

has diminished the precision of radiologic  
technologists in collimating the primary ra-
diation field, resulting in decreased image 
quality and increased patient dose. This study 
demonstrated that proper collimation can re-
duce the average DAP by 29.01%.

The findings underscore the critical impor-
tance of precision in collimating the primary 
beam to minimize unnecessary patient radia-
tion exposure across 36 different projections. 
Radiologic technologists play a pivotal role 
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in ensuring optimal X-ray imaging. By ac-
curately confining the radiation field to the 
targeted organ through collimation, they can 
achieve multiple benefits.
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