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Abstract
Purpose: The objective of this study is to analyse the appropriateness of lower extremity coputed tomography (CT) scans 
as performed in a large orthopaedic hospital.

Material and methods: A total of 1410 CT scans acquired in the years 2014-2018 were analysed for compliance with 
the “Guidelines for Physicians Issuing Diagnostic Imaging Referrals” (iRefer). These guidelines were published by  
the Royal Radiologist Society and recommended for use by the Polish Medical Society of Radiology, the Nation-
al Consultant for Radiology and Diagnostic Imaging, and the Minister of Health. In addition, the study involved  
the analysis of information provided on CT referrals by referring clinicians.

Results: Nearly 21% of CT referrals were found to be unsubstantiated based on the diagnosis made by the referring 
physician, the body region of interest, and the clinical department. Most referrals identified as non-compliant with 
the guidelines were related to cancers followed by inflammatory conditions. The lowest number of unjustified exams 
was reported for endoprostheses and injury-related cases.

Conclusions: The study revealed a significant degree of non-compliance with the diagnostic algorithm as defined in  
the iRefer guidelines, particularly in cases of cancers and inflammatory conditions. Consequently, the patient’s expo-
sure to ionizing radiation is increased. Incorrect decisions regarding the appropriate diagnostic imaging technique 
are founded on the lack of appropriate cooperation between the clinician and the radiologist, insufficiency or lack of 
information provided on the referral, as well as the defensive attitude of referring physicians. It is therefore necessary 
to change appropriate in-hospital management and cooperation models.
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Introduction
As the number of diagnostic imaging examinations be-
ing performed in patients is increasing, doubts are also 
increasingly raised regarding their appropriateness and 
the potential abuse of costly imaging techniques. When 
involving ionizing radiation, unjustified examinations 
may also have biological implications. In addition, they 
have economic consequences and increased waiting times. 

All these aspects are particularly relevant in the case of 
computed tomography (CT).

The aforementioned dynamic development and in-
creased accessibility to individual imaging diagnostic 
modalities, mainly CT and magnetic resonance imaging 
(MRI), often leads to patients being referred for diagnostic 
scans without adequate knowledge of their clinical rele
vance. Consequently, the diagnostic methods may not be 
adequate for the clinical problem.
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It is well known that medical exposures are subject to 
certain rules and that the expected health benefits must 
outweigh any hazard as pursuant to international regu-
lations, in particular to the Council Directive 2013/59/ 
EURATOM in force within the EU and the revised Nuclear 
Law Act (Journal of Laws 2019.1792). The emergence of 
CT at the end of the 1980s brought about a new problem 
of patients’ exposure to ionizing radiation being at times 
unwarranted. This is against the ALARA principle stat-
ing that doses required to achieve the diagnostic benefit 
should be “as low as reasonably achievable”.

Among other factors, the problem of questionable 
validity of imaging studies is due to non-compliance 
with clinical indications for diagnostic imaging studies in 
general, or CT in this instance. Clinical indications for CT 
and other imaging studies have been published for many 
years by the Royal College of Radiologists (RCR) and the 
International Atomic Energy Agency (IAEA) in Europe 
as well as by the American College of Radiology (ACR) 
in the US. In Poland “Guidelines for Physicians Issuing 
Diagnostic Imaging Referrals” were published in 2019 by 
the National Centre for Radiation Protection in Health 
Care in cooperation with, e.g., the National Consultant 
for Radiology and Diagnostic Imaging and the National 
Consultants for Nuclear Medicine and Radiation Therapy, 
together with the Polish Medical Radiology Associa-
tion. This is the eighth edition of the Polish translation of 
iRefer, i.e. guidelines developed by British experts from 
various academic centres (RCR) following the analysis of 
thousands of diagnostic imaging studies. The paper and 
the electronic version of this document should support 
clinicians and radiologists when determining the appro-
priate diagnostic algorithm. The premise of the Guidelines 
is to facilitate the choice of the most appropriate imaging 
modality in a variety of clinical situations.

In addition to the hierarchical order of recommended 
exams, the document provides evaluative recommen-
dation grades of A, B, and C, depending on the level 
of experience and the clarity of the recommendations.  
The guidelines are based on the certainty of imaging evi-
dence as defined according to the level of evidence estab-
lished for primary studies by the Oxford Centre for Evi-
dence-Based Medicine and the “Journal of Bone and Joint 
Surgery”. Recommendations are graded according to the 
evidence level. The guidelines make use of recommenda-
tion grades as defined by the Oxford Centre for Evidence-
Based Medicine. The recommendation grade corresponds 
to the highest level of evidence relevant to the particular 
clinical problem. In many cases, grade B or C refers to the 
available evidence base rather that to the relevance of par-
ticular recommendations for the clinical problem.

In light of the studies conducted to date, CT scans 
non-compliant with the Guidelines and scans that could 
successfully be replaced by other diagnostic modalities 
(X-ray, ultrasound, MRI) were classified as inappropriate. 
Scans that did not contribute to the overall diagnostic 

process, i.e. to correct diagnosis or exclusion of a disease, 
or had no impact on patient management, were also clas-
sified as inappropriate. Scans for which no benefit out-
weighing the potential negative health effects could be 
demonstrated were also classified as inappropriate.

It is estimated that the percentage of unwarranted and 
clinically useless CT scans for all organ groups is usually 
between 6 and 30%, depending on factors such as the ex-
perience of the study centre, the body region, methodology, 
lack of appropriate knowledge of the indications to CT, 
and others. Among the first detailed reports and attempted 
analyses of the appropriateness of CT scans were those by 
Oikarinen, Lehnert, Lammers, and Brenner. 

According to Brenner, at least 25% of CT scans could 
have been replaced by another modality or even abandoned 
completely [1]. In addition, note should be taken of relevant 
information not being communicated on the referrals for 
a CT scan. Referrals are often laconic, lacking substantia-
tion and additional information required for the study to be 
performed according to an appropriate protocol.

These aspects contribute to the excessive use of costly 
diagnostic procedures involving the use of ionizing radia-
tion and contrast agents.

The authors have attempted to evaluate the causes of 
unwarranted orthopaedic CT scans, to analyse the indica-
tions for osteoarticular CT scans against selected guide-
lines as used in other countries (UK, US), and to establish 
the causes of communication errors occurring between 
the orthopaedist and the radiologist, potentially resulting 
in unwarranted and clinically useless examinations being 
performed.

Material and methods
The study involved a retrospective review of lower-extremity 
CT scans acquired in 1410 patients of a renowned or-
thopaedic hospital in the years 2014-2018. The age of the 
subjects ranged from 3 to 90 years. The median age was  
56 years. The number of women was 612, and the num-
ber of men was 798. Referrals were issued by a total of  
11 departments. All scans were acquired using multi-row 
GE Bright Speed Elite and TOSHIBA Aquiton one TSX-301 
(320 row) CT systems.

The analysis made use of computer-based exam and 
report archiving methods with the help of the following 
software:
•	 AMMS for viewing medical histories of individual pa-

tients;
•	 RIS Chazon Ver. 1.9.27 rev. 9724 for viewing examina-

tion reports;
•	 Carestream Vue PACS for viewing individual CT scans.

All studies were evaluated for compliance with the 
Guidelines (iRefer) providing a validated diagnostic algo-
rithm based on years of experience. The scans and their ap-
propriateness were evaluated by 2 radiologists; in selected 
questionable cases the diagnostic algorithm was consulted 
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with an experienced orthopaedist. After the referral in-
formation was assessed for completeness, justification of 
referrals was compared to that proposed in the Guide-
lines (iRefer). In addition to the recommendation grade 
(A to C), as defined in the MS section of the Guidelines 
and comprising the mainstay recommendation for the as-
sessment of examination validity, the experts based their 
evaluation on their own experience, possibly as corrobo-
rated by the opinion of an orthopaedist. The pooled data 
were subjected to statistical analysis.

The economic impact of the misdecisions regarding 
the use of CT diagnostics due to its being inadequate for 
clinical diagnosis was not taken into account in this study.

Referrals were analysed for information provided, in-
cluding the following:
•	 the diagnosis;
•	 the objective of the exam;
•	 the rationale;
•	 and additional information required to carry out the exam.

Included in the analysis were CT studies performed 
between 14.01.2014 and 31.12.2018. A file listing patients’ 
referrals for CT scans was used in order to determine fac-
tors affecting the appropriateness of referrals. The refer-
rals pertained to scans of the lower limbs, hip joints, knee 
joints, ankle joints, thighs, lower legs, and feet. The refer-
rals were issued by physicians affiliated with 11 depart-
ments within the orthopaedic hospital. For the purpose of 
the analysis, the departments were numbered 1 through 11 
(O1 through O11). Patients were referred for CT studies 
from all these departments, albeit in different proportions 
depending on the department’s clinical profile. The data-
base contained a total of 1410 records corresponding to 
1410 exams.

Statistical analyses were carried out in 2 stages. In  
the first stage, descriptive statistics of the analysed vari-
ables were made and the influence of selected variables on  
the legitimacy of research conducted using basic analyses 
was assessed. In the second stage, a holistic model was built, 
which shows the total impact of the analysed variables on the 
validity of the CT study (model analysis). STATISTICA 13 
(software) was applied for basic analysis, and gretl (soft-
ware) was used for model analysis. The basic and model 
analyses were complementary.

Results
Following examination of 1410 CT exams, 1119 referrals, 
corresponding to 79.66% of the total number, were con-
sidered justified. A total of 291 referrals, corresponding to 
20.64% of the total number, were considered unjustified 
(Figures 1-3). 30% of CT referrals indicated the objective 
of the examination. 33% of CT referrals included justifica-
tion for the referral. 31% of CT referrals provided infor-
mation relevant for the CT scan. 

The results of multiple comparisons are summa-
rized in Table 1. For the diagnosis of the endoprosthe-
sis for which the percentage of justified CT referrals was  
the largest (93%), statistically significant differences were 
observed as compared to the diagnoses of other, osteo-
myelitis, benign tumour, and malignant tumour. For  
the diagnosis of malignant tumour, 0% of referrals were 
justified, with statistically significant differences being ob-
served as compared to the diagnoses of endoprosthesis, 
injuries, and other. However, this outcome might have 
been affected by a very small number of malignant tu-
mour diagnoses.

Figure 1. Graphical distribution of initial diagnoses as provided in computed 
tomography referrals 
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Figure 2. Percentage of computed tomography referrals from individual 
departments
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Figure 4 presents the numbers of justified vs. unjus-
tified referrals by referring departments. Columns are 
headed with percentages of appropriate and inappropriate 
exams being ordered by a particular department. The refer-
ring unit (department) determined the clinical profile, i.e.  
the type of relevant disorder. The analysis of the material 
revealed a significant relationship between the percentage 
of justified exams and the referring unit.

A significant relationship was observed between the 
referring unit and the appropriateness of the CT referral  
(χ2 = 97.62, p < 0.001). The results of multiple comparisons 
are summarized in Table 2. The percentage of justified ex-
ams for department O6 (94% of the justified exams) was 
significantly higher than the percentages of justified exams 
for departments O1 (74% of justified exams), O2 (81%  
of justified exams), O4 (77% of justified exams), O7 (60% 
of justified exams), O8 (74% of justified exams), and O10 
(56% of justified exams). On the other hand, a low per-
centage of justified exams was reported for department O7 
(60% of justified exams), its value being lower than that for 
O2, O3, O4, O5, O6, and O11. An even lower percentage 
of justified exams was reported for department O10, but 
a statistically significant difference could be observed only 
as compared to O6 due to the low department size.

The resulting logistic regression model proved to be 
statistically significant; certain variables were found to im-
pact the validity of the CT scans (χ2 = 208.511, p < 0.001). 
In addition to the generated values of the β coefficient (β), 
standard error (SE), test statistics (Z), and test probability 
value (p), an “impact on H” (factor’s influence on the hy-
pothesis) variable was added to indicate how each of the 
individual variables affected the appropriateness variable  
(* – low impact, ** – moderate impact, *** – significant 
impact), and the odds ratio (OR, %) was calculated from 
the β coefficient according to the following formula: odds 
ratio = eβ

1. The odds ratio was used to determine the impact 
of the individual variables on the appropriateness variable, 
showing the percentage by which the chance of a justified 
CT scan increased or decreased for a particular variable.

Impact on A = (1 − OR) × 100%
Positive and negative values corresponded to increased 

and reduced appropriateness of the exam, respectively.
No difference was observed in the length of the physi-

cian’s experience between the groups of justified and un-
justified exams (Z = −0.89, p = 0.297). As seen in Figure 5, 
the largest percentages of referring physicians issuing re-
ferrals for justified as well as unjustified examinations had 
1-10 and 11-20 years of experience.

	 Injuries	 Other 	 Endoprosthesis 	 Osteomyelitis 	 Benign tumour 	 Arthritis 	 Malignant tumour 

Initial diagnosis

Figure 3. The appropriateness of computed tomography exams by initial diagnosis as provided in the referral. Columns are headed with percentages  
of appropriate and inappropriate exams being ordered for a particular indication 

600

500

400

300

200

100

0

Nu
m

be
r

Appropriate        Inappropriate

Table 1. Statistical values for the multiple comparison χ2 test. Statistical values should be compared against the adjusted significance level a = 0.0024

Injuries Other Endoprosthesis Osteomyelitis Benign tumour Arthritis Malignant tumour

Injuries * 0.227 0.006 < 0.001 < 0.001 0.364 < 0.001

Other * < 0.001 < 0.001 < 0.001 0.865 < 0.001

Endoprosthesis * < 0.001 < 0.001 0.036 < 0.001

Osteomyelitis * 0.210 0.016 0.086

Benign tumour * 0.004 0.200

Arthritis * 0.007

Malignant tumour *



� Analysis of the appropriateness of orthopaedic computed tomography scans as exemplified by lower extremity bones and joints

e73© Pol J Radiol 2022; 87: e69-e78

Positive and negative values corresponded to increased 
and reduced appropriateness of the exam, respectively 
(Table 3).

Following the analysis of data in the “impact on A” 
and “OR” columns, the following factors were observed to 
increase the appropriateness of CT exam referrals:
• �physician issuing the referral (linked to the clinical pro-

file of the department);
• �CT exam to be performed in a patient with endoprosthe-

sis (referrals nearly 3 times more likely to be justified);
• �patients with known injuries (the probability of a justi-

fied exam increased by 55.3%).
In conclusion, following the overall assessment of the 

appropriateness or inappropriateness of CT scans per-
formed, it is concluded that 79.36% of all analysed CT 
exams (regardless of the department or clinical diagnosis) 
were considered justified, as opposed to 20.64% of exams 
that were deemed unjustified.

Discussion
Following the analysis of 1410 CT examinations, a total of 
291 exams corresponding to 20.64% of the total number 
were found to be unjustified. This result is similar to the 
one presented in recent publications from different medi-
cal centres worldwide. The problem of non-compliance 
with the Guidelines (iRefer) is probably due to various 
reasons, as set out in several publications. In our study 
material, clear correlation could be observed with clinical 
diagnosis. For endoprostheses and injuries, the percentage 
of unjustified exams was small and amounted to 6.91% 
and 14.55%, respectively. Conversely, initial diagnoses of 
malignant tumours, benign tumours, or inflammatory 
conditions were associated with the highest percentages 
of unjustified exams, which amounted to 56.90% for tu-
mours (including 53.70% for benign tumours) and 44.19% 
for osteomyelitis. Data for malignant tumours may be 
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Figure 4. Appropriateness of computed tomography studies by the referring unit. Columns are headed with percentages of appropriate and inappropriate 
exams being ordered by a particular referring department

Table 2. Statistical values for the multiple comparison χ2 test. Statistical values should be compared against the adjusted significance level a = 0.001

O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11

O1 * 0.192 0.05 0.549 0.066 < 0.001 0.017 0.976 0.735 0.238 0.075

O2 * 0.131 0.409 0.600 < 0.001 < 0.001 0.276 0.935 0.045 0.240

O3 * 0.012 0.317 0.031 < 0.001 0.022 0.855 0.003 0.570

O4 * 0.157 < 0.001 < 0.001 0.611 0.817 0.113 0.070

O5 * 0.003 < 0.001 0.131 0.990 0.020 0.337

O6 * < 0.001 < 0.001 0.503 < 0.001 0.742

O7 * 0.072 0.424 0.737 < 0.001

O8 * 0.744 0.301 0.049

O9 * 0.430 0.464

O10 * 015

O11 *
O1-O11 – department no. 1-11
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misleading due to a low number of records. For arthritis, 
the percentage of unjustified referrals was close to that in 
the entire study sample and amounted to 20.69%. Closer 

collaboration between the clinician and the radiologist 
could contribute to appropriate adjustments to the diag-
nostic algorithm. An interesting aspect of the study con-
sisted of the analysis of referral completion. No impact on 
increased percentage of justified referrals was observed for 
the lack of rationale or the lack of examination procedure-
relevant information. Paradoxically, failure to provide an 
examination objective had a positive effect on the number 
of justified studies. This indicates that compliance with 
the proper diagnostic algorithm as set out in the Guide-
lines and precise reasons for the referral being provided 
to the radiologist are 2 altogether different issues. How-
ever, the failure to provide accurate referral information 
undoubtedly can affect the quality of the radiological 
exam summary because less information is available to 
the examining physicians. Of course, physicians make use 
of the hospital’s IT systems and may analyse the patient’s 
medical history, but it is nonetheless very important to 
ensure better cooperation between the clinician and the 
radiologist, as mentioned before. No effect of the length 
of the referring physician’s experience on the appropriate-

Figure 5. The appropriateness of computed tomography exams by  
the length of experience of the referring physician. Columns are headed 
with percentages of appropriate and inappropriate exams being ordered 
by physicians with particular length of experience

Justified          Unjustified

800

700

600

500

400

300

200

100

0

Nu
m

be
r

	 1-10	 11-20	 21-30	 31-41
Experience of the referring physician [years]

Table 3. Results generated by the program with limit value analysis 

Name β SE Z p Impact on H OR Impact on A

const 2.36 0.30 7.82 < 0.001 *** 10.59

O1 −0.80 0.38 −2.11 0.035 ** 0.45 −55.0%

O2 −0.66 0.35 −1.86 0.063 * 0.52 −48.3%

O3 −0.88 0.34 −2.62 0.009 *** 0.42 −58.5%

O4 −1.42 0.32 −4.42 < 0.001 *** 0.24 −75.7%

O5 −1.13 0.31 −3.58 < 0.001 *** 0.32 −67.6%

O7 −0.81 0.48 −1.70 0.090 * 0.44 −55.7%

O10 −3.05 0.76 −4.00 < 0.001 *** 0.05 −95.2%

L14 −1.09 0.38 −2.85 0.004 *** 0.33 −66.5%

L16 −2.32 0.71 −3.29 0.001 *** 0.10 −90.2%

L17 −0.73 0.37 −1.96 0.050 ** 0.48 −52.0%

L26 −1.23 0.50 −2.46 0.014 ** 0.29 −70.8%

L43 2.91 1.34 2.17 0.030 ** 18.34 1734.4%

L51 −1.14 0.68 −1.68 0.093 * 0.32 −68.1%

L54 −2.33 1.30 −1.79 0.074 * 0.10 −90.2%

L61 −1.50 0.62 −2.41 0.016 ** 0.22 −77.6%

L77 −1.64 0.86 −1.91 0.056 * 0.19 −80.6%

L78 −0.54 0.29 −1.82 0.069 * 0.59 −41.5%

L90 −1.05 0.49 −2.17 0.030 ** 0.35 −65.2%

L101 −3.44 1.30 −2.65 0.008 *** 0.03 −96.8%

E 1.04 0.32 3.27 0.001 *** 2.83 183.4%

NN −1.87 0.33 −5.68 < 0.001 *** 0.15 −84.6%

U 0.44 0.23 1.90 0.057 * 1.55 55.3%

Omye −1.07 0.40 −2.66 0.008 *** 0.34 −65.9%
β – the strength of the “Impact on A” coefficient 
O – Department, L – Physician, E – Endoprosthesis, NN – Benign tumour, U – Injuries, Omye – Osteomyelitis
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ness of referrals was observed. On the other hand, statisti-
cally significant differences were observed for individual 
department units.

According to the author’s observations, this was pri-
marily related to the unit’s profile, which translated into 
the number of hospitalized patients with specific initial 
diagnoses. This in turn determined the number of un-
justified referrals being issued without compliance to the 
algorithm set out in the Guidelines; this pattern could be 
observed for physicians with both short and long profes-
sional experience. Obviously, differences in this regard 
could be tracked for individual physicians; for example, 
the chance of a justified referral being issued by physi-
cian no. 43 was 18 times higher than the reference level, 
whereas nearly all referrals issued by physician no. 101 
were considered unjustified. A statistically significant 
difference was also observed between the groups of jus-
tified and unjustified exams in relation to patients’ age. 
The median age was higher in the case of justified exams. 
Because patients with endoprostheses were almost three 
times more likely to present with justified referrals, the 
correlation with age appears obvious.

In recent years, similar problems were investigated 
by research groups from different countries, e.g. Finland 
and the US. This led to similar conclusions suggesting 
that imaging studies, especially those involving ionizing 
radiation, should be subject to precise algorithms [1-7]. 
Because these examinations play an increasingly impor-
tant role in the diagnostic process, they tend to be abused 
and used without justification or according to improper 
algorithms. Frequently, awareness of the consequences 
of exposures to ionizing radiation is lacking [1-4,8-10]. 
Avoiding such exposures would not only lead to savings 
due to the abandonment of unnecessary tests, but above 
all would be in line with the principles of radiological 
protection against ionizing radiation. Also, the number 
of referrals for diagnostic imaging studies is too high due 
to the overcautious attitude of some physicians concerned 
about potential claims from their patients. This problem 
is increasingly common in Poland, as observed by the au-
thor in his analysis of individual CT referrals.

A similar phenomenon was previously recognized 
and nicknamed “defensive medicine” by some American 
physicians [11-13]. Hendee et al. [14] estimated that the 
costs of “defensive medicine” can be as high as $1.4 billion 
per annum in one state alone. This problem is probably 
greater in the US as compared to other countries due to 
a more “predatory” legal climate. Many observers assume 
that the expenditures on defensive medicine fall between 
5% and 25% of the total costs of diagnostic imaging stud-
ies performed in the United States.

In order to avoid the aforementioned problems, the 
Ministry of Health published the “Guidelines for Physi-
cians Issuing Diagnostic Imaging Referrals”, the 8th edi-
tion of which was issued in Poland in 2019. The document 
is a Polish version of the Royal College of Radiologists’ 

“RCR iRefer Guidelines: Making the Best Use of Clinical 
Radiology, 8th Edition”. The guidelines are recommended 
by the Ministry of Health; a free copy of the guidelines 
should be used by physicians issuing diagnostic imaging 
referrals on a day-to-day basis.

One of the most spectacular examples of the inappro-
priateness of CT scans was published by Oikarinen et al. [2]. 
The analysis pertained to studies performed over a period 
of several years at the University Hospital in Oulu, Fin-
land. A study carried out in a group of patients below the 
age of 35 years revealed that as many as 77% of all CT 
scans of the lumbar spine region were unjustified. Accord-
ing to the authors who analysed all outcomes on a case-
by-case basis, all these unjustified exams should have 
been replaced by MRI scans. Equally spectacular results 
applied to CT scans of the head as well as of the abdomen 
and pelvis minor, with 36% and 37% of the exams being 
found to be unjustified, respectively. These should have 
been replaced by MRI or US scans. Only 3% of unjustified 
studies were identified for the cervical spine segment. The 
authors stressed that the exposure to ionizing radiation, 
particularly in the case of the lumbar spine and the abdo-
men, was very high and amounted to the equivalent of 
170 and 500 chest X-rays, respectively. Notably, the CT 
exams included in the study had been acquired in patients 
below the age of 35 years, i.e. in patients of reproductive 
age. The authors of the publication also reported on the 
increase in the number of exams performed in the fol-
lowing years and assumed that the growing trend would 
continue. Therefore, priority should be given to reducing 
the number of unjustified referrals for CT exams. The ap-
propriateness of referrals was found to be higher for emer-
gency as compared to elective procedures.

This paper analysed the referrals issued within a large 
orthopaedic hospital; however, non-compliance with ap-
propriate algorithms can be observed in literature reports 
pertaining to the outpatient setting and primary health 
care as well. Lehnert et al. [3] analysed the appropriate-
ness of CT and MRI examinations performed pursuant 
to referrals issued by primary care physicians. On aver-
age, 26% of studies were considered to be unjustified, with 
the highest percentage of questionable CT referrals being 
related to the spine (53%) as well as the head in cases of 
poorly justified chronic pain conditions (62%). The au-
thors highlight that the established examination referral 
guidelines and correct diagnostic algorithms are too rare-
ly used by primary care physicians, who often have little 
time to examine their patients. An important element un-
derlined in the work and referring to the earlier publica-
tions by Brenner and Hall [7] is the risk of cancer induc-
tion, which should always be borne in mind by physicians 
referring their patients to imaging studies involving high 
doses of ionizing radiation. These stochastic effects, fre-
quently overlooked in day-to-day medical practice, are the 
main reason behind the requirement to follow the Guide-
lines, and they provided the most important inspiration 
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for this study. In light of the above, the high percentage 
of unjustified referrals of patients initially diagnosed with 
cancer is all the more worrying.

In another of their publications, Hall and Brenner [15] 
note that the use of CT has increased 12 fold in the UK 
and 20 fold in the US since the early 1980s. In the US, 
the average effective dose from all studies involving  
X-rays increased 7 fold during this period. Thus, exposure 
to ionizing radiation for medical purposes constitutes the 
majority of the effective radiation dose received by indi-
viduals in the United States. Among other factors, this 
is because CT is a fast, simple, and accurate diagnostic 
tool. Once again, the authors recall the need to apply the 
ALARA principle.

According to Hricak [16], ionizing radiation for medi-
cal purposes accounts for 95% of total exposure from 
human-made sources and approximately half of the total 
radiation exposure in the US. Between 1995 and 2010, 
the number of CT studies grew by 10% per year, with the 
US population growing at a rate of less than 1% per year.

Gransjøen et al. [11] analysed the reasons behind mis-
referrals for imaging studies by conducting interviews 
with 8 general practitioners and 10 radiologists from  
2 administrative regions in Norway. Several reasons lead-
ing to non-compliance with the proper diagnostic algo-
rithm were identified. These included, in particular, limited 
examination time, pressure from patients, and guidelines 
being too long or unclear for the referring physician. Fac-
tors contributing to the increased ease of use of the guide-
lines included their ready availability and adaptation to the 
target audience. Other factors influencing the decisions to 
refer patients to diagnostic imaging studies consisted of the 
availability of these studies as well as symptoms and the 
number of visits the patient had with the family physician.

To quote one of the opinions, “[...] instead of spend-
ing an hour arguing with the patient whether a particular 
examination is indeed necessary, you just write a referral; 
it takes two minutes and you’re done [...]” [11]. This shows 
how important it is to inform patients about the potential 
risks arising from the use of diagnostic methods involv-
ing ionizing radiation [17,18]. According to the respond-
ers, outsourcing of unjustified examinations was also due 
to the need for profit in privately-owned institutions.  
The interviewed physicians claimed that there were too 
many guidelines and not enough time to keep up with all 
of them. Another factor was the fact that some guidelines 
did not have a high priority, which also influenced the 
decisions being made [11].

In this study, CT exams were ordered despite the rec-
ommendation for CT being low while simultaneously 
being high for magnetic resonance imaging. In 2001, 
Brenner et al. [19,20] estimated the risk of cancer caused 
by CT examinations in children to recognize that CT-
induced cancer may be the cause of death of up to 500 
people. Of course, these estimates are the result of a statis-
tical analysis comparing the incidence of cancer depend-

ing on the exposure or non-exposure to ionizing radiation 
as used in CT examinations.

According to Pearce et al. [21], a greater incidence of 
brain cancer and leukaemia can be demonstrated in chil-
dren and adolescents who have undergone a CT exam. 
The authors analysed CT examinations performed in the 
years 1985-2002 in various hospitals in the UK. The av-
erage duration of follow-up was slightly below 10 years. 
According to the authors’ estimates, 10,000 head CT scans 
could be responsible for one excess case of brain cancer 
in relation to the populational probability. It is important 
to remember that there is no threshold dose for the sto-
chastic effects of radiation. These data demonstrate the 
need to minimize CT exams of questionable validity.  
The increased risk of cancer caused by ionizing radia-
tion was also addressed in other publications [20,22,23]. 
Therefore, the need for follow-up CT scans in oncological 
diagnostics should be carefully considered each time [24].

In the material collected for the purposes of this study, 
exams deemed unjustified were mainly due to the use of an 
incorrect diagnostic algorithm following a particular clini-
cal diagnosis or suspicion of a disease. No such correlation 
was found for referrals lacking the rationale or examination 
procedure-relevant information. Paradoxically, no increase 
in the percentage of unjustified exams was observed when 
no study objective was provided in the referral, although 
interpretation of study results was more difficult in these 
cases. However, incomplete referrals that contain only the 
diagnosis and no rationale or other details contribute to 
the increased use of incorrect examination protocols, or 
they make it more difficult to correct the algorithm pro-
posed by the clinician. An interesting study was published 
by Brenner [1]. The total number of CT studies performed 
in the year 2012 was 85 million in the US as compared to  
3 million in the UK. The annual rate of growth in the use of 
CT was 6.5% in the US and 9.4% in the UK. Paediatric CT 
studies account for between 5 and 10% of the total num-
ber of CT studies performed in the US. In the year 2000, 
the International Commission on Radiological Protection 
(ICRP) concluded that the dose absorbed by tissue from 
a CT scan may often approach or exceed levels known to 
increase the likelihood of cancer. We should remember that 
the concerns regarding the use of CT relate mainly to popu-
lation and public health risks (low risk multiplied by a large 
population at risk), and not to individual risks.

Different methods are also available for reducing or at 
least inhibiting the increase in radiation dose resulting from 
CT use. The first is to reduce the used dose by using state-
of-the-art CT scanners. Another is to replace CT with other 
imaging modalities according to the CT algorithm and to 
minimize the number of examinations performed when 
possible.

Reduction of the dose can be achieved, e.g., by manual 
adjustment of mAs settings for people of different body siz-
es or by automatic modulation of currents [25]. Preferably, 
however, other imaging methods, particularly MRI and 
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US, should be used in situations provided for in the Guid-
ance. Brenner [1] estimates that it is possible to reduce the 
number of CT studies by at least 25% by using appropriate 
procedures. The possibility of CT scans being abandoned is 
reduced by the availability of MRI scans, the time required 
to take the scan, as well as, quite frequently, pressure from 
patients or patients’ parents. These issues were addressed 
in the articles by Hendee et al. [14] and Hricak et al. [16]. 
Brenner draws attention to the assessment of compliance 
with the ACR guidelines, as performed by Hadley et al. 
[26] in trauma patients. As shown in the analysis, as many 
as 44% of CT studies would not have been performed had 
the ACR adequacy criteria been followed. This shows that 
proper education in this field is required already at the be-
ginning of the young physician’s training [27].

When conducting such analyses, consideration should 
be given to the level of awareness of both the referring 
physicians and those performing the exam. In fact, the 
existing established Guidelines are intended for use not 
only by the referring physicians; the requirement of ad-
hering to recommendations pertains to those performing 
the exams worldwide. In Poland, pursuant to nuclear leg-
islation in force, an exam must be passed every 5 years to 
document appropriate knowledge of the exposures to ion-
izing radiation, dose levels, and radiation levels appropri-
ate for various X-ray studies. Not all countries have man-
dated such requirements, and the failure to systematically 
renew and expand one’s knowledge in the field may lead 
to a much more liberal approach to ionizing radiation ex-
posures. This phenomenon was analysed by Subramniyan 
Ramanathan and John Ryan [8] from the University Hos-
pital in Ottawa (Ontario, Canada). The researchers carried 
out a survey among the staff of the hospital’s radiology de-
partment. The study revealed insufficient knowledge, with 
an average score of 8.5 out of 17 points. In this context, it 
is worth recalling a paper by Tahvonen, Oikarinen et al., 
who re-examined the appropriateness of CT referrals in 
young adults and children. According to the authors, it 
appears that the number of justified studies has increased 
by 16% as compared to the previous study, as a result of 
educational measures, including several 3-hour training 
courses, being undertaken, with the most radical increase 
being observed for spine CT scans. This demonstrates the 
need for the proposed wider education regarding the need 
to comply with the guidelines.

From the point of view of healthcare managers, the 
economic aspects of the abuse of imaging studies, particu-
larly CT scans, are also worth mentioning. Although not 
presented in this work, such an analysis is recommended 
for future studies. The ACR adequacy criteria may have 
a significant impact on the imaging costs as well as on the 
dose of the ionizing radiation delivered. This was addressed 
in an article by Hadley et al. [26], who estimated that the 
total treatment cost in a group of patients could have been 
reduced by 39% by abandoning 257 CT examinations, 
with a total saving of $325,377. According to the authors’ 

estimates, compliance with ACR criteria when performing 
imaging studies in trauma patients in the US has the po-
tential to save billions of dollars. In addition, as mentioned 
by other, previously cited authors, Hadley et al. believe that 
eliminating unjustified CT studies would reduce cancer 
morbidity by several thousand cases per year.

The costs associated with the use of modern imaging 
techniques are highlighted by Dick et al. [28]. The authors 
provide data and an assessment of the consequences of ex-
cessive and exaggerated diagnostic processes that increase 
the duration of ED stays and indirectly increase the risk 
of medical errors due to overfilling. An efficacy and cost 
analysis was also carried out by Renton et al. [29]. This is 
the main reason for complaints filed by patients attending 
emergency departments at Polish hospitals.

Tung et al. [13], having examined the reasons for un-
justified CT referrals, state that besides non-compliance 
with the guidelines, these reasons include fear of an alter-
native, rare disease not being taken into account and the 
consequences of potential misdiagnosis. Other arguments 
included pressure from patients or their families, standard 
practices within a particular medical environment not be-
ing in line with the established guidelines, the emergency 
medicine operation model, and administrative pressure 
related to the financing of medical examinations or per-
sonal benefits from such financing.

In Poland, the problem of unjustified referrals for CT 
studies was addressed by Sobiecka et al. [9] as well as by 
Wierzchołowski et al. [10] and the author of this study.  
The problems highlighted by the authors of papers men-
tioned above from various countries have been confirmed 
in the material analysed in Poland. Failure to follow the 
“Guidelines” is the fundamental reason behind unjustified 
referrals, and the previously mentioned lack of coopera-
tion between the clinician and the radiologist makes the 
application of correct diagnostic algorithms more difficult.  
Accurate information provided in the referral would not 
only help the radiologist in summarizing the study results 
but also facilitate a different diagnostic algorithm being pro-
posed. For this reason, such cooperation is very important. 
Changing this situation to reduce the patients’ exposure to 
ionizing radiation as well as the unnecessary costs of exami-
nations is a challenge both for health care professionals and 
health care managers.

Conclusions
The number of unjustified CT studies is similar to those 
observed in studies performed at different sites worldwide.

The type of pathology identified in the referral affected 
the frequency of unjustified exams, with the highest per-
centage of unjustified referrals being observed for osteo-
myelitis and tumours.

The initial diagnoses of endoprosthesis and trauma 
were associated with the highest percentage of justified 
studies.
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Statistically significant differences in the accuracy of 
the diagnostic algorithms were observed between differ-
ent departments, mainly due to differences in the inci-
dence of particular pathologies, which were in turn linked 
to the specialization of different departments.

No correlation was observed between the rationale, 
objective, or examination-relevant information being pro-
vided in the referral and the appropriateness of the exam.

The length of the clinician’s experience did not cor-
relate with the appropriateness of the referral.
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