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Objective: To determine whether the justification of

CT examinations performed on young patients can be

improved by various interventions and whether these

have an effect on the total number of CTs performed.

Methods: Specific interventions—education, guideline

implementation and increased MRI capacity—were in-

troduced at the Oulu University Hospital, Oulu, Finland,

following a previous study demonstrating unjustified use

of CT examination in young patients. In the present study,

the justification of 177 CT examinations of the lumbar and

cervical spine, head, abdomen, nasal sinuses and trauma

performed on patients aged under 35 years in 2009 was

analysed retrospectively by looking at requests and

corresponding patient files. The indications of the exami-

nations were compared with the referral guidelines

recommended by the European Commission. Results

from our previously published similar study carried out

before the interventions were used as a reference.

Results: The proportion of justified CT examinations

increased from 71% (141/200) in 2005 to 87% (154/177)

in 2009 (p,0.001), and in the lumbar spine group

from 23% (7/30) to 81% (22/27) (p,0.001). In the case

of most of the unjustified examinations, MRI could

have been performed instead. The total number of CT

examinations carried out on young patients decreased

by 7% (p50.012) and in the lumbar spine group by 79%

(p,0.001).

Conclusion: The implemented interventions decreased

the number of CT examinations performed on young

patients, and the justification of the examinations im-

proved significantly.

Advances in knowledge: This study demonstrates that it

is possible to reduce the number of various CT examina-

tions and to improve their justification in young patients by

regular education, guideline implementation and increased

MRI capacity.

By definition, a medical exposure is justified when the
benefit to the patient is greater than the expected harm.
In diagnostic imaging, justification inevitably includes con-
sideration of any and all of the alternative procedures possibly
available that require no or less exposure to ionising radiation
[1,2]. Authoritative sources suspect that a considerable pro-
portion of radiological examinations are inappropriate [3].
It is known that knowledge of radiation dose and related
risks is poor among both physicians and radiologists, and
risks are often underestimated [4–6]. The International
Commission on Radiological Protection has emphas-
ised that education, training and practice play a crucial
role in improving the professionalism of justification [3].

CT examinations are an essential part of current diagnostic
radiology practice. The radiation exposure and dose from CT
for both individuals and population are among the highest in

diagnostic radiology. Although the risk from ionising radiation
caused by a CTexamination to a single individual is small, the
concern is related to the current rapid increase in CTuse [7,8].
In 2008, CT represented approximately 10% of all ionising
radiation-based imaging globally, but delivered approximately
43% of the total collective dose [9]. In many European coun-
tries, CT-induced dose accounts for the largest proportion of
the collective effective dose: approximately 68% in theUK, 59%
in Norway, 58% in Finland and 60% in Germany [10–13].
The risk of potential radiation damage is higher in patients
aged approximately 35 years or younger, owing to longer
life expectancy and a possibly increased number of repeat
examinations [14]. Developing organs are also more sensitive
to radiation than those that are fully mature [15–17].

We previously published a study demonstrating un-
justified use of CT examinations in young patients at
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the Oulu University Hospital, Oulu, Finland, where 77% of
CT examinations of the lumbar spine, 37% of the abdomen
and 36% of the head were unjustified in 2005 [18]. After these
results, we introduced various interventions involving pro-
vision of education, distribution of guidelines and increased
MRI capacity. This study is therefore a re-audit, closing the
audit loop [19]. Studies demonstrating the effects of different
interventions on justification are sparse. The aim of the present
study is to determine whether the justification of various CT
examinations carried out on young patients has improved 4 years
after the primary survey and whether the interventions applied
have had an effect on the total number of CT examinations
performed.

MATERIALS AND METHODS
The institutional review board at Oulu University approved this
retrospective re-audit study. In 2009, a total of 148 666 exami-
nations were performed in the Department of Diagnostic Radi-
ology of Oulu University Hospital, Oulu, Finland (population
base, 750 000). 19 046 (13%) of the examinations were carried out
using CT. 2197 (12%) of the CTexaminations were carried out on
patients aged ,35 years. In 2005, the corresponding number was
2367 (14%). The numbers of the different CT examinations
performed on patients aged ,35 years and on all age groups in
2005 and 2009 are shown in Table 1.

Interventions
As a consequence of our previous study, which revealed inadequate
justification, we sought to change our practice and adopted various
interventions. These interventions were introduced in 2006, and
education was provided from 2006 to 2009.

We provided regular education on radiation protection for
the Radiology Department staff, other personnel working

with ionising radiation in our area and the referring practitioners
in our hospital. Personnel in other hospitals in northern Finland
were also reached through video connection. In 2006, four
different 3-h lectures were implemented. The sessions were
repeated; hence, altogether, eight sessions were provided an-
nually. The education consisted of the risks and doses of ra-
diation, the process of justification and legislation on radiation
protection. It also focused on indications and interpretation of
different radiological examinations and on special issues con-
cerning the work of radiographers, such as projections and dose
management of radiological examinations. Additionally, specific
topics, e.g. orthopaedic, abdominal and paediatric imaging, were
highlighted in each session, and the topics varied from year to
year. The lectures were presented by radiologists, radiographers
and physicists. Handout summaries were provided to partic-
ipants. Attendance was voluntary, but the sessions were also part
of official education on radiation protection, which is mandatory
in Finland for both personnel working with ionising radiation
and referring practitioners.

We also provided two-sided laminated info pocket cards for the
referring practitioners in the Oulu area and people working with
radiation in our hospital (Figure 1). These cards were handed
out to medical students annually. The cards were made in 2006
and updated in 2008. These contain information on radiation
and justification and radiation doses of the most frequently used
X-ray, CT and isotope examinations, and the doses were com-
pared with those of thorax posteroanterior X-ray and natural
background radiation.

The referral criteria for imaging recommended by the European
Commission [20], and also accepted in Finland and translated into
Finnish, are available online. The printed version was distributed to
different areas of the Department of Diagnostic Radiology in 2006.

Table 1. The total number (n) and changes in numbers of different CT examinations performed on patients aged,35 years and on all
age groups in 2005 and in 2009 at the Oulu University Hospital, Oulu, Finland

CT examination

,35 years All age groups

2005 2009
Change

from 2005 to 2009
2005 2009

Change
from 2005 to 2009

n n % pa n n %

Head 1063 843 221 ,0.001 8227 8469 13

Thorax 241 247 12 0.786 1809 2032 112

Lumbar spine 130 27 279 ,0.001 1250 316 275

Abdomen or upper abdomen 123 143 116 0.220 1658 2201 133

Trauma 117 126 18 0.564 221 251 114

Cervical spine 110 57 248 ,0.001 362 194 246

Nasal sinuses 100 79 221 0.117 369 265 228

Body (thorax and abdomen) 80 102 128 0.103 921 1645 144

Other 403 573 142 ,0.001 2158 3673 170

Total 2367 2197 27 0.012 16975 19046 112

ax2 goodness of fit test.
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In addition, the following institutional recommendations were
adopted to rationalise the use of CT by the referring practi-
tioners and radiologists at our hospital: (1) MRI is the primary
examination of the head. CT examination is indicated only
in acute cases. (2) MRI is the preferred primary examination
of the lumbar spine in young patients (except in trauma).
(3) Clinicians are recommended to consult a radiologist before
requesting an abdominal CT for a young patient. These rec-
ommendations were distributed by e-mail to the Radiology
Department staff and the referring practitioners, after which
they continued to be available on the hospital intranet.

Because most of the unjustified examinations revealed in the
previous study could have been performed using MRI instead, the
capacity of MRI was increased. In 2005, we had two 1.5-T and
one 0.23-T MRI systems, and in 2009, we had an additional
1.5-T system in use.

Analysis
The analysis of this study was similar to that of the previous one
[18]. The retrospective analysis for due justification was per-
formed on patients aged ,35 years for the CT of the lumbar
spine, head, abdomen or upper abdomen, nasal sinuses, cervical

spine and trauma. Trauma CT examination included CT of the
head, neck, thorax, abdomen and pelvis. CTof the thorax, lungs
or body (including thorax and abdomen) were excluded from
the study because there is no good alternative imaging modality
for thorax CT examination for most of the indications, and the
number of thorax or mediastinal MRI examinations is gener-
ally rather low. The examinations included in this study were
extracted from the electronic patient files of our hospital con-
secutively from the beginning of 2009. The number of analysed
examinations was 30 in all categories except for lumbar spine
CT; only 27 examinations of the lumbar spine were performed
on that age group. We ended up having a similar number of
examinations per category as in the previous study (except that
the category of head CTs included 50 examinations in the 2005
study). The study therefore included 177 examinations. Of the
177 patients, 107 were males and 70 were females.
The patients were aged between 5 and 34 years, and their average
age was 23.7 years.

Patient files, clinicians’ referrals and indications of the examinations
were analysed by two radiologists (one specialist with 20 years of
experience and one senior resident). Using that information and
the referral criteria for imaging recommended by the European

Figure 1. Two-sided info pocket card (updated version from 2008, translated into English).

INFO CARD OF RADIATION PROTECTION

RISKS OF IONISING RADIATION

Probability to risks of ionising radiation increases as the dose increases. Lifetime cancer 
mortality risk attributable to radiation is higher at younger age until the age of 35 years.

SENSITIVITY TO RADIATION IS VARIABLE

Most sensitive organs to ionising radiation are lungs, bone marrow, stomach, colon, breast 
and gonads.

DOSES OF RADIATION ARE VARIABLE

See average doses on reverse side.  

BEFORE SENDING A PATIENT TO EXAMINATION CONSIDER:

DO WE NEED AN EXAMINATION USING IONIZING RADIATION NOW?

Does it have an effect on the diagnosis or choice of treatment?
Can it be carried out later, when treatment has already been effective?

DO WE ALREADY HAVE THE INFOMATION?

Has the examination been performed previously elsewhere?

AM I REQUESTING THE CORRECT EXAMINATION?

Is it possible to perform an examination with no or less ionising radiation?
Should an expert be consulted?

IS THE PATIENT SUITABLE FOR THIS EXAMINATION?

Is the patient a child?
Is the patient possibly pregnant?
Are there any other contraindications?

IS THE REFERRED INFORMATION ADEQUATE?

Can the medical practitioner who is to perform the examination assess its 
justification?
Can the examination be performed and interpreted correctly?

More information see the referral criteria for imaging recommended by the European Commission

http://ec.europa.eu/energy/nuclear/radioprotection/publication/doc/118_en.pdf 

RADIATION DOSES

Examination

Typical 
effective 

dose 
(mSv)

Equivalent
no. of PA

chest
radiographs

Approximate
equivalent period of 
natural background 

radiation

Radiograph

Extremeties, e.g. knee 0.01 0.3 1 day

Sinuses 0.03 1 4 days

Thorax (PA image) 0.03 1 4 days

Thorax (PA + lateral projection) 0.1 3 12 days

Skull 0.1 3 12 days

Mammography 0.3 10 24 days

Cervical spine 0.2   7 36 days

Thoracic spine 1 30 4 months

Pelvis 1 30 4 months

Lumbar spine 2 70 8 months

Abdomen 2 70 8 months

Urinary track (urography) 4 130 16 months

Colon 9.1 300 3 years

CT examinations

Head 2 70 8 months

Thorax 9 300 3 years

Lumbar spine 9 300 3 years

Abdomen 12 400 4 years

Isotope examinations

Vesicoureteral reflux gamma scan 0.2 7 24 days

Thyroid scan (Tc-99m) 1.4 47 6 months

Lung ventilation and perfusion scan 1.7 57 7 months

Renal function scan 1.8 60 7 months

Bone scan 3 100 1 year

White blood cell scan 5.2 170 1.7 years

Somatostatine-receptor-scintigraphy 5.9 200 2 years

FDG PET/CT 8.8 300 3 years

Dynamic cardiac scan 9 300 3 years

PA, posteroanterior; FDG, fludeoxyglucose

Doses of radiation vary depending on the patient and on the technique used. The 
doses in this card are average doses and they are based on the announcement of the 
Radiation and Nuclear Safety Authority, Finland (www.stuk.fi). The doses of isotope 
examinations correspond to the activities at the Oulu University Hospital. 

In addition to the diagnostic medical exposure, a patient is exposed to background 
radiation, the amount of which varies geographically, the average being 3 mSv per year in 
Finland. 
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Commission [20], it was decided whether the examinations had
been justified, and if not, whether there had been other more
justifiable imaging modalities available.

In the evaluation, the following main categories were used:
(1) Lumbar spine: CT is justified in trauma and control of

fixation of the lumbar spine.
(2) Head: CT is justified in trauma or in some other acute cases

(see Results).
(3) Abdomen or upper abdomen: the cases had to be considered

case by case because they were so variable.
(4) Nasal sinuses: each patient expected to have functional endo-

scopic sinus surgery should have CT of the sinuses.
(5) Cervical spine: CT may be justified in the case of trauma.
(6) Trauma CT is indicated in high-energy traumas (see Results).

Cases not falling into these categories were analysed individually
using the same principles as in the previous study. After that,
radiologists trained in neuroradiology or abdominal radiology
went through all the data collected and evaluated justification.
If necessary, consensus of the first and second reviewers was used.
The results of the survey were compared with the results of the
previous study [18].

Statistics
The difference between the total number of CTs and the number
of justified CTs in 2005 and 2009 were calculated separately.
Proportional changes from 2005 to 2009 of the total number of
CTs were calculated, and the difference between the total number
of CTs in 2005 and 2009 was tested using the x2 goodness of
fit test. The proportions of justified CTs in 2005 and 2009 were
compared using Pearson’s x2 test or Fisher’s test.

RESULTS
The number of radiological examinations performed in the Oulu
University Hospital remained nearly constant from 2005 to 2009
(148 988 and 148 666, respectively). The total number of CT
examinations increased by 12% (16 975 and 19 046, respectively)
(Table 1). The number of CTexaminations performed on patients
aged ,35 years decreased by 7% (p50.012). In the group of
patients aged ,35 years, the number of lumbar CTs decreased by
79% (p,0.001), cervical spine CTs by 48% (p,0.001) and head
CTs by 21% (p,0.001). The changes in the numbers of CT
examinations concerning patients aged ,35 years and all age
groups are shown in Table 1. Table 2 reveals the total number and
changes in numbers of different MRI examinations performed on
these two groups in 2005 and in 2009 in the hospital.

Table 2. The total number (n) and changes in numbers of different MRI examinations performed on patients under 35 years of age
and on all age groups in 2005 and in 2009 at the Oulu University Hospital

CT examination

Under 35 years All age groups

2005 2009 Change from 2005 to 2009 2005 2009 Change from 2005 to 2009

n n % n n %

Head 1023 1414 138 2357 2991 127

Lumbar spine 200 406 1103 1206 1951 162

Cervical spine 90 92 12 642 637 20.8

Abdomen or upper abdomen 76 174 1129 320 692 1116

Other 1231 1908 155 4078 5387 132

Total 2620 3994 152 8603 11658 136

Table 3. The number (n) and proportion (%) of justified CT examinations out of the total number of the cases analysed in 2005 and
in 2009 (patients aged ,35 years) and the difference between the proportions of justified CTs

CT examination
2005 2009 Change

p-valuec
n (%) n (%) %

Lumbar spinea 7 (23.3) 22 (81.5) 158 ,0.001

Headb 32 (64.0) 22 (73.3) 19 0.464

Abdomen or upper abdomen 19 (63.3) 24 (80.0) 117 0.252

Nasal sinuses 24 (80.0) 27 (90.0) 110 0.472d

Cervical spine 29 (96.7) 29 (96.7) 0 1.000d

Trauma 30 (100.0) 30 (100.0) 0 —

Total 141 (70.5) 154 (87.0) 117 ,0.001

Total number of cases is 30 in all categories except the lumbar spine and head.
a27 in 2009.
b50 in 2005.
cPearson’s x2 test.
dFisher’s test.

BJR P Tahvonen, H Oikarinen, E Pääkkö et al
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The number of justified CT examinations carried out on young
patients in different categories in 2005 and in 2009 is shown in
Table 3. The level of justification improved or remained un-
changed in all categories. In 2009, 87% of the 177 analysed
examinations were justified compared with 71% in 2005
(p,0.001). The indications of unjustified examinations and the
possibility of using other modalities are shown in Table 4.

The proportion of justified lumbar CT examinations increased
from 23% to 81% (p,0.001). In 2009, 5 out of the 27 lumbar
spine examinations were unjustified. Four of the unjustified
examinations should have been performed using MRI instead, and
one patient did not need any radiological examination (Table 4).
In particular, the number of CTs carried out for disc syndrome
(disc herniation) decreased since 2005 (from 16 to 4). The justified
cases were imaged owing to trauma or trauma follow-up.

8 out of the 30 head CT examinations were unjustified. All of
the unjustified examinations could have been performed with

MRI instead. The indications of the 22 justified CTs in this
study group were trauma or other acute conditions: suspicion of
intracranial bleeding, acute stroke, sinus thrombosis, and elevated
intracranial pressure or first seizure.

In the abdominal CT group, the proportion of justified cases
increased from 63% to 80%. CT was not justified in six cases.
Five of the examinations could have been carried out with
MRI instead, and one with ultrasound. The indications of the
justified cases were suspicion of acute infection, malignancy,
stone in the urinary tract, and intestinal occlusion. The exami-
nation was also indicated if there was an ambiguous finding in
the ultrasound examination, such as suspicion of kidney trauma,
intussusception or malignancy. In all patients with acute in-
fection, ultrasound examination was performed before CT.

In the cervical spine CT group, the justification remained un-
changed. Two of the justified CTs had been carried out as
a follow-up treatment of osteolytic metastasis; all the others were

Table 4. The numbers (n) and indications of unjustified CT examinations and possibility of using other modalities

CT examination

Possibility of other modalities to replace CT and indications of unjustified cases

Unjustified
(n)

MRI Ultrasound Nothing

Lumbar spine 5 4 1

Symptoms of disk herniation
Leukaemia patient’s back pain for
a couple of days (at first follow-up)

Head 8 8

Postoperative dizziness

Control of trauma patients
(ventricular size, haemorrhagia)

Control of hydrocephalus or shunt

Migraine patient’s transient aphasia

Prolonged headache/suspicion of
tumour

Abdomen or upper
abdomen

6 5 1

Prolonged pain in lower abdomen
Abdominal pain in
a few days

Lesions of liver or spleen

Evaluation of pancreatic
pseudocyst

Nasal sinuses 3 2 1

Control of sinusitis
Control of incidental finding in
head CT without any symptoms

Cervical spine 1 1

Trauma patient with aphasia (head
CT was also performed)

Trauma 0

Total 23 19 1 3
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traumas or control of a fracture. All the trauma CTs were jus-
tified, because the traumas were high-energy-associated: motor
vehicle accidents, falling from heights or assaults.

26 of 177 examinations (15%) were carried out on children (aged
#15 years). The proportion of justified CTexaminations remained
nearly constant from 2005 (21 children) to 2009, being 86% and
92%, respectively. Two cases were unjustified: one follow-up CTof
the nasal sinuses performed on a patient without any symptoms
and one CTof the cervical spine. The latter was a trauma patient,
but with only intracranial neurological symptoms.

DISCUSSION
Over the past two decades, much successful work has been de-
voted to developing optimisation [21]. However, with respect to
justification or its implementation, fewer attempts have been
made, and those attempts have not yet been sufficiently
successful [3,21]. Optimisation of the radiological exami-
nation protocols and dose is extremely important, but careful
selection of patients for the examinations and, whenever pos-
sible, the use of imaging modalities without ionising radiation,
may be equal or more effective tools towards reducing patient
dose.

There are only a few other published studies on the justification
of CT examinations, and studies on the effect of various inter-
ventions on the paradigm shifts of the justification process are
sparse [22–26]. In the few earlier studies that viewed indications
or request forms for CT examinations, a notable number of CT
examinations were unjustified and could have been performed
instead using MRI or ultrasound. In our studies, we evaluated all
the corresponding patient files in addition to the request forms
in order to have the same information as the referring physician
had while requesting the examination. According to the Swedish
national survey on justification of CT examinations [27], ap-
proximately 20% were not justified. The degree of justification
varied strongly by organ; 42% of CTs of the spine and 29% of
CTs of the abdomen were unjustified. There have been studies
assessing the impact of the computerised physician order entry
system with decision support on medical imaging services
[28–31]. According to some of the reports, the number of CT
examinations decreased and the use of guidelines in the test-
ordering process improved. To our knowledge, there are no
other studies on the impact of more traditional interventions on
the level of justification of CT examinations.

Our present study shows that the justification of CT exami-
nations performed on young patients improved or remained
unchanged in all categories. The total improvement of justi-
fication was statistically significant. Justification remained
nearly constant and high in children. It is likely that paedia-
tricians pay more attention to justification and consult radi-
ologists before requesting a CT examination. However, the
total number of paediatric examinations was small in both
surveys.

Although the total number of CTexaminations increased between
2005 and 2009, as it did overall in Finland [32], the number of
CTs performed on young patients decreased (Table 1). This was

mostly because of a comprehensive decrease in CT examinations
of the lumbar and cervical spine (a decrease of 79% and 48%,
respectively). In Finland as a whole, the total number of CTs
increased by 23% and the number of lumbar CTs decreased by
22% from 2005 to 2008 (national reports are available for these
years) [32]. In our hospital, the number of lumbar CTs in all age
groups decreased by 67% from 2005 to 2008 (1250 and 414,
respectively) and by 75% from 2005 to 2009 (1250 and 316,
respectively). Additionally, the number of lumbar MRIs in our
hospital increased by 103% in young patients and by 62% in all
age groups from 2005 to 2009 (Table 2). It should be noted that,
during this time, the MRI capacity in our hospital increased by
only 30%. There is a universal trend of increased usage and access
to MRI. Exact reports concerning the change of the numbers of
different MRIs in Finland during these years are not available.
It is also notable that, in our present study, the proportion of
justified lumbar CT examinations increased from 23% in 2005
to 81% in 2009. In our view, the trends of the results reflect
a clear change in the clinical imaging request paradigm because
of the interventions implemented.

The number of CTs of the head carried out on young patients
decreased significantly while those of the abdomen increased
slightly. There may be several reasons for the latter. First, despite
the recommendation, our radiologists were not regularly con-
sulted before abdominal CT was requested for a young patient.
Second, routine checkup of the request is performed by a radiol-
ogist 1 or 2 days prior or immediately prior to the examination in
the context of planning the protocol, but in the case of ques-
tionable justification, where the examination could typically be
replaced by MRI, there may not be any time slot available for MRI
scan. Third, the change may reflect an overall pattern of increased
use of all cross-sectional imaging in this patient group. There was
also a clear increase in the number of abdominal MRIs from 2005
to 2009 (Table 2). The analysis for justification of abdominal CT
is also challenging because of multiple and variable indications.
All the subgroups of different CT examinations in the national
reports are not comparable to ours but, for example, the
number of head CTs and abdominal CTs in all age groups
increased more in Finland from 2005 to 2008 than in our
hospital from 2005 to 2009 (10% vs 3% in head CTs and 45%
vs 33% in abdominal CTs, respectively).

There are several limitations to this study. The major limitation
is that this study contains information from one institution only.
The patient number selected for the justification evaluation is
also low. Inclusion of multiple institutions and a broader patient
base might have provided more information. We did not mea-
sure the impact of various interventions separately. It is probable
that certain interventions directed the referral practice more
than others. In addition, we did not record the availability of MRI
as a replacement examination, which would have increased the
practical value of the study. As a process, the evaluation of jus-
tification is also complicated. We realise that, in practice, many
different aspects, such as capacity, financing and expertise, may
have an effect on the choice of an examination. There have also
been national and international changes in imaging, which have
occurred over the same time period and may also have influenced
the results of this study.

BJR P Tahvonen, H Oikarinen, E Pääkkö et al
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In general, it is probably impossible to reach 100% justification.
However, it is still essential to develop justification processes
further. Regular updating of referral guidelines and their use and
increased patient information concerning issues of radiological
examinations could also contribute to increased justification.

In conclusion, we have shown that it is possible to
reduce the number of various CT examinations and to
improve their justification in young patients by regular
education, guideline implementation and increased MRI
capacity.
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