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Introduction

Abstract

Introduction: Collimation of the primary beam is an important factor in
radiography to reduce dose and improve image quality. The introduction of
larger detector plates in direct digital radiography (DR) allows the exposed area
to be calculated by removing cropping applied to the image. The aim of this
study was to assess whether the exposed area was larger than a reference
standard across five different projections on different body types, with the
reference size being the corresponding cassette size used in traditional film/
screen or computed radiography (CR). Method: A retrospective clinical audit
of five common musculoskeletal radiographic projections (AP knee, AP
shoulder, horizontal beam lateral hip, lateral cervical spine and lateral facial
bones), of 359 patients was undertaken. The electronic cropping was removed
from projections, and the superior—inferior, antero-posterior and medio-lateral
collimation size was measured, depending on the projection. The two
measurements were multiplied to give an exposed field of view area. The three
measurements were compared with a reference standard, being the size of the
corresponding cassette size used in the department on film/screen or computed
radiography. Results: From the five projections, 1071 measurements were
analysed. 416 (38.8%) of these measurements were less than or equal to the
agreed reference standard. 655 (61.2%) were greater than the agreed reference
standard. Conclusion: The study demonstrates that the majority (61.2%) of the
measurements taken were above the reference standard. This results in an
increase in radiation dose to patients and detrimental impacts on image
quality.

Traditionally, different size cassettes in film screen and
computed radiography (CR) have served as the maximum

Collimation is the limitation of the primary x-ray beam
by blade-type diaphragms on the x-ray tube. Collimation
of the primary beam to the area of interest limits the
radiation dose to the patient by limiting the amount of
tissue that is exposed. Appropriate collimation has always
been an important factor in image quality, as it reduces
the amount of scatter produced, which increases image
quality.

field size required for different body parts. Collimation
marks on a film-screen image were the indicator that
appropriate collimation had been applied. Since the
advent of digital radiography (DR), image receptors as
large as 43 cm x 43 cm are routinely used for imaging
various body parts, from the chest and abdomen to single
digits. The exploration of rejection rates of planar
radiography is documented and found to be increasing'
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with associated dose ramifications. However, the study of
radiographic collimation changes is sparse.

While pre-set collimation field sizes are built into the
machines, individual users can adjust the irradiated area
manually. Collimation of the primary x-ray beam remains
the best practice for limiting the radiation field to comply
with as low as reasonably achievable (ALARA) principles.

When radiographs were performed on film, every aspect
of the imaged anatomy was visible. With the advent of
electronic cropping, increased workload, combined with
larger DR plates, contemporary radiography risks an
environment in which patient throughput begins to take
priority over image quality. DR post-processing capabilities
enable the user to electronically crop, or mask, to a smaller
field of view (FOV) to only include the relevant anatomy in
question, which results in an increased dose to the patient
with no added benefit. Anatomy in the exposed field of
view (EFOV) can be cropped electronically and therefore
not available to the interpreting medical professional.’

On a digital image, lack of collimation has a detrimental
effect on image quality, increasing the amount of scatter
hitting the digital detector. The increase in scatter can be a
contributing factor to the histogram widening, resulting in
a greyer image and a decreased spatial resolution, resulting
in a lack of detail of the anatomy visualised.

The aim of this study was to assess whether the
introduction of DR detectors larger than traditional
cassette sizes has resulted in an increase in irradiated area
compared with the standard cassette size across common
musculoskeletal radiographic projections.

Methods and Materials

A clinical audit of EFOV was undertaken on five
common musculoskeletal radiographic projections (AP
knee, AP shoulder, horizontal beam lateral hip [HBL],
lateral cervical spine and lateral facial bones), at a single
centre, tertiary adult hospital to assess the superior—
inferior, medio-lateral and antero-posterior collimation
size and determine the area of the EFOV. These values
were then compared to the standard cassette size which
had been utilised in film screen and CR imaging at the
hospital.

This retrospective audit was undertaken at a large,
metropolitan tertiary hospital. The hospital does not
provide paediatric services, so all patients in the study
were over the age of sixteen. The investigation was
retrospective in design and granted exemption from
ethical review by the Metro South Human Research
Ethics Committee. No identifying data or patient
demographics were collected, so no written informed
consent was required. Patient information was removed
and entered into Microsoft Excel™ for analysis.
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The x-ray series of 359 patients who underwent
imaging on the Siemens (Germany) Ysio x-ray acquisition
workstation machines in the emergency and general
radiography departments over a twelve-month period
were reviewed. X-rays were performed on a combination
of fixed upright detectors measuring 43 cm x 43 cm and
wireless detectors measuring 35 x 43 cm. All available
studies for the projections chosen were reviewed,
however, series containing a prosthesis such as a hip
replacement were excluded from the study, as they would
have required a larger cassette size from the reference
standard. Reviewing the images on the acquisition
workstation enabled electronic cropping to be removed,
and the original collimation to be measured.

Study Design

Two radiographers, one with seventeen years’ experience
and the other with three years’ experience, carried out the
data collection. The more experienced radiographer had
worked on film screen, CR and DR, while the junior
radiographer had worked predominantly on DR. For the
analysis, any electronic cropping of the image was
removed, and the EFOV was assessed. The horizontal and
vertical measurements of the primary x-ray beam were
recorded. This was the supero-inferior, medio-lateral or
antero-posterior collimation dependent upon the whether
the antero-posterior (AP) or lateral view was being
reviewed. The two measurements were then multiplied
to calculate the EFOV area. These three measurements
were then compared with an agreed upon reference
standard.

The reference standard was the corresponding cassette
size used for the individual projection in film/screen or
computed radiography (CR). The cassette size was chosen
as the reference standard as it represents the largest
collimated field required to demonstrate the anatomy in
the projection. The null hypothesis was that the
collimation was not greater than the maximum cassette
size. The body parts were chosen to represent the axial
and appendicular skeleton, with a variety of AP and
lateral projections, that would traditionally have been
taken on different cassette sizes.

Results

Compiled results

A total of one thousand and seventy-one measurements
were recorded. Four hundred
(38.8%) measured at or below the reference standard. Six
hundred fifty-five measurements (61.2%) measured above
the reference standard. The results are available in Table 1.

sixteen measurements
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Table 1. Results of the review of collimation vs the reference standard.

Do radiographers collimate?

Number equal
to or lower than

% equal to or
lower than the

Number higher

% higher than

Reference  reference reference than reference  the reference
Measurement Standard standard standard standard standard
AP Knee Superior inferior collimation 30 cm 50 50.51 49 49.49
n=199 Lateral collimation 24 cm 86 86.87 13 13.13
Area 720 cm? 76 76.77 23 23.23
AP Shoulder Superior inferior collimation 24 cm 30 26.55 83 73.45
n=113 Lateral collimation 30 cm 46 40.71 67 59.29
Area 720 cm? 28 24.78 85 75.22
Horizontal beam lateral Hip  Anterior posterior collimation 24 cm 6 14.29 36 85.71
n=42 Superior inferior collimation 18 cm 0 0 42 100
Area 432 cam?* 1 2.38 41 97.62
Lateral C-spine Superior inferior collimation 30 cm 17 23.29 56 76.71
n=73 Anterior posterior collimation 24 c¢m 36 49.32 37 50.68
Area 720cm?® 32 43.84 41 56.16
Lateral Facial Bones Superior inferior collimation 24 cm 6 20 24 80
n=32 Lateral collimation 18 cm 2 6.67 28 93.3
Area 432 cm* 0 0 30 100
Total Measurements 416 38.8 655 61.2

AP knee

Ninety-nine examinations were assessed against the reference
standard (30 cm x 24 cm = 720 cm?), the summary
description can be seen in Table 1. The visualisation of the
data is presented in Figure 1 against the reference standard
(in green).

When measured against the reference standard, supero-
inferior collimation was lower or equal to the limit in a
total of fifty patients (50.51%), whilst forty-nine patients
(49.49%) were above the limit (Table 1). The lateral
collimation was lower or equal to the limit in a total of
eighty-six patients (86.87%), whilst thirteen patients
(13.13%) were above the limit. The EFOV was lower or
equal to the limit in a total of seventy-six (76) patients
(76.77%), whilst twenty-three patients (23.23%) were
above the limit.

AP Shoulder

One hundred thirteen examinations were assessed against
the reference standard (24 cm x 30 cm = 720 cm?), the
summary description can be seen in Table 1. The
visualisation of the data is presented in Figure 1 against
the reference standard (in green).

Supero-inferior collimation was lower or equal to the
standard in a total of thirty patients (26.55%), whilst
eighty-three patients (73.45%) were above the limit
(Table 1). The lateral collimation was lower or equal to
the limit in a total of forty-six (46) patients (40.71%),
whilst sixty-seven patients (59.29%) were above the limit.

The EFOV was lower or equal to the limit in a total of
twenty-eight patients (24.78%), whilst eighty-five patients
(75.22%) were above the limit.

Horizontal beam lateral hip

Forty-two examinations were assessed against the reference
standard (18 cm x 24 cm = 432 cm®), the summary
description can be seen in Table 1. The visualisation of the
data is presented in Figure 2 against the reference standard
(in green).

When measured against the reference standard, antero-
posterior collimation was lower or equal to the limit in a
total of six patients (14.29%), whilst thirty-six patients
(85.71%) were above the limit (Table 1). The supero-
inferior collimation was lower or equal to the limit in a
total of zero patients (0%), whilst forty-two patients
(100%) were above the limit. The EFOV was lower or
equal to the limit in one patient (2.38%), whilst forty-one
patients (97.62%) were above the limit.

Lateral cervical spine

Seventy-three examinations were assessed against the
reference standard (30 ¢m x 24 cm = 720 cm®), the summary
description can be seen in Table 1. The visualisation of the
data is presented in Figure 2 against the reference standard (in
green).

When measured against the reference standard, supero-
inferior collimation was lower or equal to the limit seventeen
patients (23.29%), whilst fifty-six patients (76.71%) were
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Figure 1. Box and whisker plots of the AP knee and AP shoulder. Each dot represents an observation on the plot line. Green represents the

reference standard; red is outside the reference standard.

above the limit. The antero-posterior collimation was lower
or equal to the limit in a total of thirty-six patients (49.32%),
whilst thirty-seven patients (50.68%) were above the limit.
The EFOV was lower or equal to the limit in thirty-two
patients (43.84%), whilst forty-one patients (56.16%) were
above the limit.

Lateral facial bones

Thirty-two examinations were assessed against the reference
standard (24 cm x 18 cm 432 ¢cm?), the summary
description can be seen in Table 1. Two examinations had
incomplete data and were omitted from the analysis. The
visualisation of the data is presented in Figure 2 against the

reference standard (in green).
When measured against the reference standard, supero-
inferior collimation was lower or equal to the limit in a

24

total of six patients (20%), whilst twenty-four patients
(80%) were above the limit. The antero-posterior
collimation was lower or equal to the limit in a total of
two patients (6.67%), whilst twenty-eight patients (93.3%)
were above the limit. The EFOV was lower or equal to the
limit in zero patients (0%), with all thirty (30) patients
(100%) being above the limit.

Discussion

This study found that of the fifteen measurements taken,
twelve measurements were more than 50% above the
reference standard. This indicates that collimation is
being undertaken poorly on a range of examinations. All
three measurements for the HBL hip and lateral facial
bones had more than 80% of the measurements greater
than the reference standard.

© 2022 The Authors. Journal of Medlical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of
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Figure 2. Box and whisker plots of the lateral facial bones, horizontal beam hip and lateral cervical spine. Each dot represents an observation on
the plot line. Green represents within the reference standard, red outside the reference standard.
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The AP knee projection was the only projection that
had the majority of the measurements below the reference
standard. This may be due to the anatomy and
positioning involved, where the lateral skin margins of
the knee are easily visible while undertaking collimation.

Previous studies have shown that image quality has
improved using tight collimation.* Larger collimation
areas increase the amount of scatter produced, and this is
particularly important on thicker body parts, such as the
HBL hip. Scatter negatively impacts subject contrast® and
spatial resolution.’ Previous studies have demonstrated
collimation can greatly reduce radiation dose and
associated risks.”

Proper collimation will only yield accurate results when
radiographic position is performed correctly, and the
beam correctly centred over the appropriate anatomy. A
correctly collimated HBL should present the acetabulum,
and the head and neck of femur, with the centring point
midway between the anterior and posterior margins. The
top image in Figure 3 demonstrates the effect of poor
collimation practices. Image A of Figure 3 demonstrates
an HBL hip with a measured dimension of 23 x 40 cm,
measuring an EFOV of 920 cm?, 213% of the appropriate
cassette size. The centring point is over the upper third of
the femur. The result is a lack of detail over the femoral
head and neck, and the image contrast is poor. The
image was repeated minutes later (image B) utilising the
same exposure factors, the EFOV is 432 cm?, collimated
to the dimensions of the appropriate cassette size
(18 x 24 cm). The opposite leg was also further
abducted which reduced the soft tissue artefact overlying
the neck of femur (NOF). There is a significant difference
between the two images, with the repeated image
demonstrating better detail of the femoral head and neck
and improved image contrast. The centring point is also
demonstrated to be over the NOF.

A similar theme of utilising electronic cropping to
replicate properly collimated images was observed with
the lateral facial bone projection. Image B of Figure 4 was
sent to PACS depicting a properly collimated image,
however, after removing the electronic cropping, the
EFOV of the primary x-ray beam had a measured area of
27.5 x 32.3 cm  corresponding to an EFOV  of
888.25 cm?, 205% of the appropriate cassette size. It can
be postulated that cropping the image may have been
done for aesthetic purposes, as demonstrated in a study
by Hayre et al, which found that radiographers cropped
their x-rays to improve the aesthetic appearance of the
image, with little regard to the dose implications of over-
collimating.®

A previous survey of 493 radiologic technologists found
nearly half (48.9%) of respondents used electronic

S. Ball et al.
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Figure 3. Image A demonstrates collimation of 23 cm x 40 cm,
corresponding to an area which is 213% (920cm?) of the appropriate
cassette size, whilst the repeated image (image B) utilised collimation
of 18 cm x 24 cm with identical exposure factors.

collimation more than 75% of the time.” Whilst this study
did not compare the EFOV to the FOV sent to PACS,
removal of the electronic cropping to calculate the
measurements in our study indicates that electronic
cropping is a routine practice. A study by Tsalafoutas
found that electronic cropping was the norm and not the
exception.'’ Electronic cropping can result in pathology
being missed® and does not replace the importance of
collimation of the primary x-ray beam for reducing
patient dose and improving image quality.” This inlays the
issue of anatomy exposed to radiation that is not being
assessed by a clinician on completion of examination.

Exposure creep, where radiographers pursuing high-
quality diagnostic images increase the exposure to the
patient, has been well documented since the introduction of
CR and DR technology. There is no visual ramification for
an under- or over-exposed x-ray, and radiographers
gradually increase exposures over time with no consequence
to image quality.'’ However, the ability of radiographers to
apply electronic cropping to an image leads to an increased
area of exposure, resulting in an increase in dose to the
patient and an increased amount of scatter reaching the
detector, which results in overall poorer image quality, as
demonstrated in Figures 3 and 4.

26 © 2022 The Authors. Journal of Medlical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of
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Initially, it was hypothesised that the larger collimation
field sizes demonstrated in this study was the result of
‘collimation creep’, whereby the wuse of electronic
cropping was an avenue for less strict collimation.
However, on reflection, one cannot rule out that
radiographers were collimating larger than the cassette
before the advent of digital radiography. A study by
Zetterberg and Espeland comparing collimation practices
pre and post the implementation of a DR saw an increase
in the irradiated field size in digital images compared
with analogue images.'> There are still unanswered
questions that may be lost the lost to the annals of time.
The advantage of larger detector plates is that the EFOV
size can be measured and audited. Contemporary
radiography is at an exciting crossroads. Similar to reject
analysis, radiography departments can now undergo
collimation audits using the techniques utilised in this
study. DR presents a unique opportunity to perform
accurate and reproducible quality control audits within a
department, the results of which could be utilised to
focus targeted education to improve radiographic skills in
weaker areas.

Limitations

This study is limited to the number of projections
examined. The study was retrospective in nature and
could only assess the number of images taken within the
timeframe of the audit. It also assumed that the reference
standard was the size of the corresponding cassette used
in film/screen or CR and did not consider the anatomy
area of diagnostic interest, which differs depending upon
patient size, and the anatomy being examined. An
additional limitation for using the cassette size as the

Do radiographers collimate?

reference standard does not consider that ideally
collimation marks would be present on a film, thus
indicating a smaller EFOV size than the cassette.

The study also did not assess the difference between
the EFOV and the area of the FOV sent to PACS.
Future studies could incorporate a greater range of
projections to increase the amount of data available for
analysis.

Suggested practice for greater compliance
to collimation of the primary X-ray beam

Collimation of the primary beam is considered the best
practice for reducing radiation dose to patients by limiting
the exposure to the anatomy of interest. As seen in
Figure 5, utilising a ‘silver lining’ protocol, whereby the
actual exposed area is demonstrated by a small distance
between the collimation of the primary beam (creating a
small white border around the radiograph), and the
electronic cropping can serve as a quality control tool to
encourage collimation of the primary beam to be used.’
Sending images to PACS with ‘silver lining’ collimation,”
would prevent radiographers masking over-radiation
exposure resulting from poor collimation.” Sending images
such as Figure 4 to PACS with silver lining collimation
would help identify areas of improvement with relation to
collimation, centring and radiation hygiene. Protocols such
as the suggested ‘silver lining’ protocol may be the most
sure-fire way to measure and ensure proper collimation of
images whilst guaranteeing that all irradiated tissue is
interpreted by an expert reader.

A previous study has indicated that radiographer
awareness and dedication are the major influencing factors
on collimation."” Better education on the use of anatomical

Figure 4. Image B depicting a properly collimated image (sent to PACS). Image A is the original, unmodified image; after removing the electronic
mask the EFOV of the primary x-ray beam (outlined in red) had a measured area of 27.5 cm x 32.3 cm corresponding to an area that is 205%

(888.25 cm?) of the appropriate cassette size.

© 2022 The Authors. Journal of Medical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of 27
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Figure 5. Wrist radiograph with collimation margins visible creating a
white or ‘silver’ border around the image indicating the image is the
entire exposed field of view with no digital cropping.

landmarks and written collimation guidelines'* may
increase radiographer compliance with regard to
collimation. Radiographer awareness and attitudes of
radiation exposure can change with personalised audit
feedback.'”

Conclusion

In this retrospective clinical audit of the five common
musculoskeletal radiographic examinations, the majority
(61.2%) of the total number of measurements exceeded
the reference standard. This study found that patients are
being over-exposed to radiation due to inadequate
collimation of the primary beam, and exposed anatomy is
not being examined by clinicians. DR presents a unique
opportunity to conduct audits in this area. One way to
ensure that irradiated field sizes do not significantly
increase, and that all exposed anatomy is examined by
clinicians is with the introduction of a fsilver lining’
protocol. Due to the limited number of projections
analysed, further research into this phenomenon is
required. Educating radiographers on collimation and re-
auditing are recommended.
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