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Abstract 

Background  Even though imaging is essential to modern medicine, some examinations are of low value as they do 
not lead to any change in the management of the patient. The Choosing Wisely (CW) campaign aims to reduce the 
use of such services. In the Norwegian version of CW, specific magnetic resonance imaging (MRI) of the head, lower 
back, and knee are amongst others identified as potential low-value examinations. However, referral practice and 
access to imaging may drive low-value utilisation. By using registry data from 2019 and descriptive analysis, this study 
aimed to examine the role of referral practice and access to imaging on the use of specific CW-examinations in one 
representative area in Norway.

Results  A total of 237,554 examinations were performed by four public and two private imaging facilities located 
within the area. Forty-two percent (19,210/45,289) of all MRI examinations were related to CW. Private imaging centres 
performed most of the CW-imaging. A total of 3700 referrers were identified, and 2.3% were identified as “high-refer-
rers,” accounting for 33% of all CW-examinations. Referrers’ experience did not influence imaging utilisation. A subset 
of referrers (“super-referrers,” 0.5%) accounted for 10% of CW-examinations. Distance to service had no impact on the 
use of CW-examinations.

Conclusions  This study provides valuable insight into the use of imaging and referral practice in one representative 
area in Norway. A great variation in referral practice was observed. Therefore, targeting referrers with high referral rates 
may be a promising strategy for reducing the use of low-value imaging.

Key points 

•	 MRI is frequently used, and a substantial proportion of MRIs are potential of low value.
•	 A small number of referrers account for a large proportion of potential low-value imaging.
•	 The use of imaging is not associated with travel distance to imaging facilities or referrers’ experience.
•	 Targeting “high-referrers” may be a promising strategy for reducing low-value imaging.
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Introduction
Diagnostic imaging is essential to modern medicine as it 
ultimately contributes to reducing morbidity and mortal-
ity [1]. However, some examinations are of low value as 
they do not lead to any change in diagnosis, treatment, or 
outcome for the patient [2]. Levin and Rao [3] presented 
a list of 103 discrete imaging tests considered low-value, 
and a recent scoping review also identified 87 low-value 
imaging examinations [4]. The Choosing Wisely (CW) 
campaign aims to reduce the use of such services, and 
the campaign has been widely supported in Norway. For 
example, in the Norwegian version of CW, the follow-
ing magnetic resonance imaging (MRI) examinations are 
deemed as low-value and should, in general, not be per-
formed: (1) MRIs for Lower back pain (LBP) without red 
flags, (2) MRIs for anterior knee pain without mechanical 
symptoms or effusion, unless there is no improvement in 
the symptoms after completion of an appropriate reha-
bilitation programme, and (3) MRIs for uncomplicated 
headache [5]. These examinations are both resource-
intensive and time-consuming. In addition, they can 
lead to overtreatment and unpleasant experiences for the 
patient, generate delays for high-value imaging (increas-
ing waiting times), and represent opportunity costs [6]. 
Hence, it is crucial to document sources and mechanisms 
(drivers) for low-value utilisation.

In this study, we will focus on two factors that can 
spur low-value imaging: referral practice and easy access 
to imaging. Referrals are an important determinant of 
secondary care utilisation [7, 8], and variation in refer-
ral practices may affect the quality of health services, 
volume, and costs [9]. However, significant variation in 
referral rates cannot be explained by patient morbidity 
alone [7], and is partly unexplained [10]. An increase in 
a “Scan first, ask questions later”-approach, where the 
decision to perform imaging is based on factors other 
than patient symptoms and the outcome of clinical exam-
ination [11], has been observed. Hence, the decision to 
refer may be influenced by several factors [10], such as 
physicians’ knowledge gap, time pressure, physicians’ 
concern about malpractice (defensive medicine), patient 
preferences [9], remote consultations, and various inno-
vations designed to speed up diagnostic pathways [11]. 
Moreover, referral rates are influenced by organisational 
issues, e.g. whether direct referral to specialist examina-
tions is allowed or not [12]. As wide variations in referral 
practice may indicate potential low-value referrals, inter-
ventions on “high-referrers” is a potential area for quality 
approvement [7].

Easy access to imaging is another factor that can influ-
ence the increased use of low-value imaging. In general, 
Roemer’s law (“a built bed is a filled bed”) [13] and the 
more specific “we scan because we can”-doctrine [14] 

drive supply-sensitive care, including low-value imag-
ing [15]. Hence, variation in access to imaging can influ-
ence the use of low-value services, where easy access may 
increase low-value use [16]. Travelling distance to the 
imaging facility is one factor influencing access. Norway 
is a long and narrow country with several remote munici-
palities where travel time to imaging providers can take 
several hours [17]. Therefore, variation in service access 
may result in unwarranted geographical variations, indi-
cating over- or underutilisation. Such variations chal-
lenge the basic principle of equal access to health services 
in Norway [18], the provision of which is a governmental 
responsibility [19]. Disturbingly, geographical variations 
in image utilisation are well documented both interna-
tionally [20–25], and in Norway [18, 26–28].

The objective of this study was to examine the role of 
referral practice and access to imaging in terms of travel 
distance to imaging facilities on the use of CW-imag-
ing. We hypothesised that resource-intensive imaging 
services (MRIs) are frequently utilised and that a large 
proportion of examinations conducted are related to 
examinations included in the Norwegian version of the 
CW initiative. Furthermore, we hypothesised that indi-
vidual referral practice and distance to imaging centres 
would affect CW-examinations’ utilisation. Therefore, by 
investigating one specific area of Norway as a case, we 
aimed to examine the following research questions:

Q1. How were imaging services utilised in general 
and in relation to the CW-recommendations in 2019?
Q2. How were the characteristics of referral practice 
to examinations related to the CW-recommenda-
tions in 2019, and what were the characteristics of 
referrers with high referral rates?
Q3. How was distance to imaging facilities associated 
with the use of CW-imaging in 2019?

Data from 2019 was used as this was an ordinary pre-
pandemic year.

Method
Context
Norway has universal health coverage funded primar-
ily through general taxation [19]. Municipalities are 
responsible for primary care, and public hospitals and 
self-employed specialists provide specialist care. Patients 
pay user fees for most outpatient care, including imag-
ing. However, patients can gain faster access to services 
through for-profit insurers or out-of-pocket payments 
through private health providers [19]. In all cases, the 
patient must be referred to the examination by a doctor, 
chiropractor, or manual therapist. A radiologist will then 
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assess the appropriateness of a scan and may reject the 
referral if not indicated.

This study used the catchment area of Vestre Viken 
hospital trust (VVHT) as a case. This part of Southeast 
Norway consists of both urban and rural areas with short 
and long travel distances to doctors and imaging centres. 
The hospital trust provides specialist health care services 
in more than 20 municipalities for approximately 500,000 
people [29], which is about 10% of the Norwegian popu-
lation. Two private imaging centres had a contract with 
regional health authorities in 2019 for delivering radiol-
ogy services on public terms in this area [17] (see Fig. 1 
for details).

Data collection
Data on all out-patient radiological examinations in 2019 
were collected from the Norwegian Health Econom-
ics Administration (HELFO) and collected directly from 
private imaging centres. The requested data included 
examinations recorded according to the Norwegian Clas-
sification of Radiological Procedures (NCRP-codes), 
patient demographics including age, sex, municipality of 
residence, and place of examination.

Referrer identification code was collected from the 
Norwegian Directorate of Health, ensuring that the same 
referrer working in different offices or departments was 
identified as the same person. For a subset of referrers 
identified as “super-referrers,” (see “data preparation and 
analysis”), the approval year as a health care professional 

(authorisation), approval year as a medical specialist, age, 
and gender were collected.

The number of citizens in the municipalities was based 
on data from Statistics Norway. Travel distance was cal-
culated using Google Maps, estimating the distance in 
kilometres (km) and driving time in minutes from the 
patient municipality centre to the nearest imaging cen-
tre/hospital with an MRI. When several routes were sug-
gested, the shortest route in km was chosen.

Data preparation and analysis
Descriptive statistics were used to analyse the data using 
Microsoft Excel (Version 2207) for Microsoft Office 365 
MSO and IBM SPSS Statistics (version 28.0.1.0(142)). As 
the data from the private imaging centre only contained 
the name of the examination, e.g. “MRI of the head,” the 
names were converted to the appropriate NCRP-code. 
Codes were linked to the anatomical region examined 
(e.g. MRI of the head), and not to the indication/cause for 
examinations.

Only data attached to patients living within the catch-
ment area was included. For utilisation of imaging in gen-
eral, data was grouped by modality, age, and sex.
“High-referrers” were defined as referrers with an refer-

ral rate to CW-examinations (MRI of head, MRI of lower 
back or MRI of the knee) at or above the 95th percentile, 
in accordance with previous literature [8]. Super-referrers 
were defined as referrers at or above the 99th percen-
tile. Both high- and super-referrers were grouped into 

Fig. 1  The catchment area of VVHT. The catchment area of VVHT within the black delineation. Red stars indicate locations containing both public 
and private providers with MRI facilities. Yellow stars indicate the location of public providers with MRI facilities
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GPs (doctors specialised in general medicine), Doctors 
without specialisation, and Specialists. Referrers’ expe-
rience was grouped into ‘less experienced’ (less than ten 
years since approved medical authorisation), and ‘experi-
enced’ (more than ten years’ experience). A Chi-squared-
test was performed to examine the differences between 
these two groups. p values less than 0.05 were considered 
significant.

Distribution of image utilisation in relation to various 
travel distances was calculated as rates, estimating the 
distance to the nearest MRI facility by the number of 
examinations per 1000 inhabitants in the municipalities.

Nuclear medicine (NM) was excluded from the analysis 
as nuclear imaging is not frequently carried out and was 
only performed at one hospital in the area.

Ethics
The study was approved by the Norwegian Centre for 
Research Data (NSD), approval number 852091.

Results
Q1. How were imaging services utilised in general 
and in relation to the CW‑recommendations in 2019?
In total, 258,795 examinations were conducted at the 
hospitals (n = 191,662) or in the private imaging centres 
(n = 67,135) located within the catchment area in 2019. 
Approximately 14% of the examinations performed 
at private imaging centres were paid out-of-pocket or 
through private health insurances.

Four public and two private imaging facilities were 
located within the catchment area, servicing a population 
of 494,947 inhabitants. A total of 21,241 examinations 
were of patients residing outside the catchment area and 
were excluded from further analysis.

Hence, 237,554 examinations (MRI, computed tomog-
raphy (CT), Conventional x-ray (CR), and Ultrasound 
(US)) were conducted on patients living within the catch-
ment area of VVHT in 2019, while 41% (n = 97,949) of 
the examinations were of men and 59% (n = 139,605) of 
women. CR was most frequently used. The overall rate 
per 1000 inhabitants was as follows: CR = 269, MRI = 92, 
CT = 76, US = 43. Figure  2 shows the distribution of 
modalities used in the catchment area.

Forty-two percent (19,210/45,289) of all MRI exami-
nations were coded with codes related to the Norwe-
gian CW-recommendations. MRI of the head was the 
most common of these examinations (n = 7317) with 
55% performed at private imaging centres. Private imag-
ing centres also accounted for 86% of MRIs of the knee 
(n = 5153) and lower back (n = 5073) combined. In 
total, 74% of the examinations related to the Norwegian 
CW-recommendations in the catchment area were per-
formed in private imaging centres. Figure 3 presents the 

distribution of these examinations between public and 
private providers.

Q2. How were the characteristics of referral practice 
to examinations related to the CW‑recommendations 
in 2019, and what were the characteristics of referrers 
with high referral rates?
A total of 3700 referrers were identified and 1730 of 
these referred patients to examinations related to the 
CW-recommendations. Referral rates ranged from 1 to 
147 referrals to CW-examinations per referrer in 2019. 
A total of 86 high-referrers (men n = 59, female n = 27) 
were identified, referring ≥ 47 CW-examinations in 2019. 
This constitutes 2.3% of the total number of referrers. 
High-referrers were GPs (n = 47), doctors without spe-
cialisation (n = 21), and specialists; neurologists (n = 12), 
orthopaedic surgeons (n = 3), ear-nose and throat doc-
tors (n = 2), and other (n = 1). They accounted for refer-
rals to 33% of all CW-examinations (6270/19,211). 
High-referrers also referred patients frequently to exami-
nations other than CW-examinations: about 30% of the 
total number of MRIs, and approximately 15% of the total 
number of all examinations (all modalities combined). 
See Table 1 for the specifics.

The majority of high-referrers had more than ten 
years of experience. There was no difference in the refer-
ral rates to CW-examinations between the experienced 
referrer groups and the less experienced referrer groups, 
X2 (df = 2, N = 436) = 3.9, p = 0.138. Table  2 shows the 
number of examinations and the number of referrers for 
various occupational group, their respective experience, 
and the rates of the number of examinations per referrer.

45,289

37,840

132,927

21,498

MRI CT CR Ultrasound
Fig. 2  Imaging per modality. Distribution of imaging used per 
modality
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By using the 99th percentile, we identified 17 super-
referrers (13 men and 4 women), meaning referrers cou-
pled to more than 87 CW-related-examinations in 2019. 
This constitutes 0.5% of the total number of referrers. 

Of these, ten were GPs or doctors without specialisation 
(59%) while seven were specialists in neurology (n = 6) 
and orthopaedics (n = 1). All super-referrers worked 
in near proximity to an MRI-scanner (within 50  km). 

3,269

753 914

4,048

5,153 5,073

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

MRI head MRI Knee MRI lower back

Public Private
Fig. 3  Imaging distribution between public and private providers. Distribution of examinations related to the CW-recommendations between 
public and private providers

Table 1  Examinations referred by high-referrers

Number of examinations referred to by high-referrers, the overall number of examinations performed in the catchment area, and the percentage of referrals from 
high-referrers from the total number of examinations, for each modality

Modality Examinations referred by high-
referrers (n)

Examinations performed within the 
catchment area (n)

Percentage of referrals 
by high-referrers (%)

CT 4420 37,840 12

CR 15,140 132,927 11

US 2449 21,498 11

MRI 13,356 45,289 29

Total 35,746 237,554 15

Table 2  Referral practice by experience

Number of examinations and the number of referrers by occupational group and experience as well as examination rates per occupational group

Occupational group Experience < 10 years Experience > 10 years

CW-examinations (n) Referrers (n) Rate CW-examinations (n) Referrers (n) Rate

General practitioners 845 11 77 2468 36 69

Doctors without specialisation 747 11 68 610 10 61

Specialists (neurology, orthopae-
dics, Ear-nose-throat)

69 1 69 1477 16 92

Other 54 1 54 – – 0

Total 1715 24 268 4555 62 222
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Super-referrer GPs/non-specialists referred more to 
other modalities than neurologists/orthopaedist (dif-
ferences in rates: CR = 5.6, US = 3.4, CT = 2.9). Referral 
rates per referrer group (GP/non-specialist and special-
ists) are provided in Fig.  4. Super-referrers referred to 
approximately 3.6% of the total amount of imaging per-
formed in the catchment area and accounted for about 
10% of the referrals to CW-examinations in 2019.

Q3. How was distance to imaging facilities associated 
with the use of CW‑imaging in 2019?
Access to services related to CW-recommendations var-
ied. Four municipality centres were located more than 
100  km away from the nearest MRI-scanner (ranging 
from 116 to 175  km). Travel time to the nearest MRI 
facility exceeded one hour for six municipalities (Range 
66–163 min). However, most patients resided near MRI 
facilities (less than 50 km), meaning that estimated driv-
ing time was less than one hour. Distance to service 
had no impact on the use of CW-examinations or MRI 

utilisation in general, in the catchment area (see Table 3 
for specifics).

Discussion
The aim of this study was to examine imaging utilisation 
in general and the use of CW-examinations in particular, 
and to investigate the role of referral practice, and access 
to imaging in terms of travel distance to imaging facili-
ties. The setting for the study was the VVHT catchment 
area. We found that the overall rate per thousand inhab-
itants varied from 43 for ultrasound to 269 for CR. CR 
was the most frequently used modality, which is in line 
with a previous study using data from 2002 [18]. In our 
data, CT utilisation constitutes 16% of the total imaging 
used, similar to national data reporting 15% from 2012 to 
2015 [27]. Our study documents a 37% increase in MRI 
utilisation per 1000 inhabitants (rate from 58 to 92) com-
pared to results from 2002 [18], although our study lacks 
information about in-patient utilisation. Hence, there 
is reason to believe that the increase in MRI utilisation 
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Fig. 4  Referral rates per modality for super-referrers. Rates of use (rates = n examinations/n referrers) among GPs/doctors without specialisation and 
specialists, deemed as super-referrers per modality

Table 3  Distance to imaging and imaging rates

Number of inhabitants within various distance ranges to the nearest MRI facility, the number of all MRIs and CW-MRIs, and rates per 1000 inhabitants for CW MRI-
examinations and all MRI examinations

Travel distance to 
MRI (km)

Population (n) CW-MRI 
examinations (n)

Rates CW-MRIs per 1000 
inhabitants

All MRI examinations 
(n)

Rates all MRIs per 
1000 inhabitants

0–49 467,022 17,956 38 42,317 91

50–99 11,724 695 59 1282 109

≥ 100 16,201 559 35 1690 104
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from 2002 to 2019 is even higher. However, national data 
from 2016 states that MRI constitutes 22% of the total 
out-patient imaging in Norway with a rate of 133 per 
thousand inhabitants [27], while we found MRI use in 
19% and a rate of 92 per thousand inhabitants. This may 
be due to geographical variations nationally [26].

Knowledge about imaging and referral practice is 
important in identifying areas to target when trying to 
reduce low-value imaging. Ringberg and colleagues [7] 
found an overall high referral rate to secondary care and 
a striking referral range among Norwegian GPs. Moreo-
ver, in a study among 480 radiologists, 76% reported that 
they had received referrals lacking adequate information 
during the previous work day, and 63% disagreed with the 
referrer regarding indication [27]. Hence, referral prac-
tice may be an important driver for imaging utilisation 
in general and for low-value imaging in particular. We 
found great variations in referral practice, and identified 
86 of the 3700 (2.3%) referrers as high-referrers. Interest-
ingly, we found no difference in referral rates between 
less experienced and experienced referrers.

High-referrers referred patients to approximately 33% 
of all CW-examinations and 15% of all examinations per-
formed in the catchment area, suggesting that our find-
ings are in line with Hong et al. [8] who found that prior 
imaging patterns and access to equipment were strong 
predictors for low-value imaging. They also found that 
the majority of these referrals came from chiropractors 
and specialists [8]. Interestingly, none of our high-refer-
rers were chiropractors. Therefore, our study confirms 
earlier findings indicating that Norwegian chiropractors 
use imaging more sparsely and adhere to guidelines [30]. 
However, 20% of high-referrers were specialists (mostly 
neurologists) who may have high referral rates as an MRI 
of the head is a standard neurological examination for 
many indications other than the ones included in CW. 
It is important to emphasise that we cannot identify the 
rate of low-value referrals, and it is plausible that many 
of the specialist referrals were warranted. Nonetheless, 
variation in referral practice may indicate both over and 
underuse of imaging.

Furthermore, 0.5% of the referrers were super-referrers 
who referred patients to 3.6% of the examinations in the 
catchment area. A total of 59% of the super-referrers 
were GPs or doctors without specialisation, who have 
an important role as gatekeepers in the healthcare sys-
tem. Most super-referrers had more than ten years of 
experience. Kool and colleagues found that 67% of their 
responding GPs acknowledged that low-value care prac-
tice was regularly provided in general practice [31]. There 
may be many reasons for high referral rates, such as time 
pressure and patient-related factors [31, 32], (un)famili-
arity with guidelines [33], and difficulties in handling 

professional uncertainties [10]. Several strategies are 
used to avoid imaging overuse [32]. Interventions tar-
geting referrers, including decision support tools, such 
as the ESR iGuide, guideline implementation, educa-
tion, feedback to referrers, using various hand-outs, 
either alone or in combination, have been tried out. Even 
though the effect of such examinations varies due to con-
textual and cultural factors, multi-component interven-
tions that include education seem to be more effective 
than single- component interventions [34]. Our findings 
of variation in referral practice may indicate flaws in the 
GPs’ role as gatekeepers. However, some GPs might work 
part-time at emergency clinics, justifying higher imag-
ing rates. On the other hand, the CW-examinations used 
to identify super-referrers in this study are not typical 
trauma examinations, making it difficult to explain the 
high MRI-rates.

Access to services is a driver for utilisation, where the 
distance to the provider has proven to play a substantial 
role in healthcare consumption [17]. Also, geographical 
variations may mean less equal access to radiological ser-
vices and poor allocation of health resources [18]. MRI 
and CT utilisation are reported to be slightly higher in 
urban than rural municipalities [27]. Interestingly, we 
found no differences in utilisation in relation to travel dis-
tance, but a slightly higher MRI utilisation per inhabitant 
was observed in the groups with longer travel distances. 
This may indicate that healthcare services fulfil the goal 
of providing equal healthcare to all citizens despite vary-
ing travel distances. Moreover, our findings demonstrate 
that people in rural areas are willing to travel for services, 
which is in line with other studies [17]. Higher examina-
tion rates for patients in rural parts of the catchment area 
may be due to a more elderly population [35], thus need-
ing more health services.

This study has a number of strengths. It is the first 
study addressing referral practice linked to CW-examina-
tions in a Norwegian context. The data used was derived 
from both public and private imaging providers, which 
gives a detailed overview of outpatient radiology utilisa-
tion in 2019. Moreover, the identification of high- and 
super-referrers provides a valuable approach to address-
ing low-value care utilisation. Information about patient 
municipalities of residence and their use of radiological 
services also gives valuable insight into the relationship 
between healthcare utilisation and accessibility.

One limitation of this study is the lack of data for in-patient 
examinations and a full dataset on examinations fully paid 
out of pocket or through health insurance. Furthermore, we 
lack data on referrers owing their own radiological equip-
ment. For instance, one in five chiropractor clinics possess 
radiological equipment and one in ten have access to ultra-
sound [30]. The inclusion of this data would give a more 
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complete picture of the imaging utilisation. As this study 
is based on registry data, we do not have any information 
on the clinical question or the percentage of findings with 
impact on patients’ diagnosis, management, or progno-
sis. Also, the number of referrals is based on the number of 
examinations connected to the individual referrer and may 
not reflect the actual number of referrals as several examina-
tion codes may have been registered on one referral. Due to 
the lack of patient identification, some codes may have been 
used for the same patient at the same examination session, 
therefore overestimating the number of referrals. However, 
the great variation in referral practice suggests that referrers 
with high referral rates may be a warranted target in reduc-
ing low-value imaging. Our findings may not be directly 
transferable to other settings as the study focussed on one 
specific area. However, the catchment area covers a substan-
tial proportion (10%) of the Norwegian population and is 
deemed representative of a Norwegian setting as it consists 
of both urban and rural settlement areas with a variety of dis-
tances to health care services.

In this study, our main analysis focussed on high-vol-
ume MRIs as reducing such resource-intensive exami-
nations provides a high potential to free resources for 
high-value examinations. Further research should include 
examinations using ionizing radiation due to their impli-
cations for radio protection.

Conclusion
This study provides valuable insight into the use of imaging 
and referral practice in the VVHT catchment area in Nor-
way. In 2019, 237,554 examinations were conducted, and CR 
was the most frequently used modality. Forty-two percent of 
all MRI examinations were coded as MRI of the head, knee, 
or lower back, which are targeted in the Norwegian ver-
sion of the CW campaign. A total of 2% of all referrers were 
identified as high-referrers and referred to nearly a third of 
all CW-MRI examinations. Further, a sub-group of referrers 
(0.5%) was identified as super-referrers, referring to about 
10% of all CW-examinations. Imaging utilisation was not 
associated with referrers’ experience and distance to services. 
Targeting referrers with high referral rates may be a promis-
ing strategy for reducing the use of low-value imaging.

Abbreviations
CR	� Conventional x-ray
CT	� Computed tomography
CW	� Choosing Wisely
GP	� General practitioner
LBP	� Lower back pain
MRI	� Magnetic resonance imaging
NCRP-codes	� Norwegian Classification of Radiological Procedures
NM	� Nuclear medicine
US	� Ultrasound
VVHT	� Vestre Viken Hospital Trust

Acknowledgements
We are most thankful to the Norwegian Health Economics Administration 
(HELFO) and the private imaging centre for providing data for the study.

Author contributions
The idea for the study came forth thru discussions involving all authors. ERA 
and EK designed the study and ERA made the initial analysis. The manuscript 
was critically revised in several rounds by ERA, IØB, BMH and EK. All authors 
read and approved the final manuscript.

Funding
Open access funding provided by Norwegian University of Science and 
Technology. This project received financial support from the Research Council 
of Norway (Project number 302503).

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Norwegian Centre for Research Data (NSD), 
approval number 852091.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 9 December 2022   Accepted: 20 January 2023

References
	1.	 Brady A, Brink J, Slavotinek J (2020) Radiology and value-based health 

care. JAMA 324(13):1286–1287. https://​doi.​org/​10.​1001/​jama.​2020.​
14930

	2.	 Scott IA, Duckett SJ (2015) In search of professional consensus in defining 
and reducing low-value care. Med J Aust 203(4):179–181. https://​doi.​org/​
10.​5694/​mja14.​01664

	3.	 Levin DC, Rao VM (2017) Reducing inappropriate use of diagnostic imag-
ing through the Choosing Wisely initiative. J Am Coll Radiol 14(9):1245–
1252. https://​doi.​org/​10.​1016/j.​jacr.​2017.​03.​012

	4.	 Kjelle E, Andersen ER, Krokeide AM et al (2022) Characterizing and quan-
tifying low-value diagnostic imaging internationally: a scoping review. 
BMC Med Imaging 22(1):73. https://​doi.​org/​10.​1186/​s12880-​022-​00798-2

	5.	 Gjør Kloke Valg: Norsk Radiologisk forening (Norwegian). https://​www.​
legef​oreni​ngen.​no/​kloke-​valg/​til-​helse​perso​nell/​fagme​disin​ske-​anbef​
aling​er/​norsk-​radio​logisk-​foren​ing/.

	6.	 Sajid IM, Parkunan A, Frost K (2021) Unintended consequences: quantify-
ing the benefits, iatrogenic harms and downstream cascade costs of 
musculoskeletal MRI in UK primary care. BMJ Open Qual 10(3):e001287. 
https://​doi.​org/​10.​1136/​bmjoq-​2020-​001287

	7.	 Ringberg U, Fleten N, Deraas TS, Hasvold T, Førde O (2013) High referral 
rates to secondary care by general practitioners in Norway are associated 
with GPs’ gender and specialist qualifications in family medicine, a study 
of 4350 consultations. BMC Health Serv Res 13(1):147. https://​doi.​org/​10.​
1186/​1472-​6963-​13-​147

	8.	 Hong AS, Ross-Degnan D, Zhang F, Wharam JF (2017) Clinician-level pre-
dictors for ordering low-value imaging. JAMA Intern Med 177(11):1577–
1585. https://​doi.​org/​10.​1001/​jamai​ntern​med.​2017.​4888

	9.	 Song Z, Sequist TD, Barnett ML (2014) Patient referrals: a linchpin for 
increasing the value of care. JAMA 312(6):597–598. https://​doi.​org/​10.​
1001/​jama.​2014.​7878

https://doi.org/10.1001/jama.2020.14930
https://doi.org/10.1001/jama.2020.14930
https://doi.org/10.5694/mja14.01664
https://doi.org/10.5694/mja14.01664
https://doi.org/10.1016/j.jacr.2017.03.012
https://doi.org/10.1186/s12880-022-00798-2
https://www.legeforeningen.no/kloke-valg/til-helsepersonell/fagmedisinske-anbefalinger/norsk-radiologisk-forening/
https://www.legeforeningen.no/kloke-valg/til-helsepersonell/fagmedisinske-anbefalinger/norsk-radiologisk-forening/
https://www.legeforeningen.no/kloke-valg/til-helsepersonell/fagmedisinske-anbefalinger/norsk-radiologisk-forening/
https://doi.org/10.1136/bmjoq-2020-001287
https://doi.org/10.1186/1472-6963-13-147
https://doi.org/10.1186/1472-6963-13-147
https://doi.org/10.1001/jamainternmed.2017.4888
https://doi.org/10.1001/jama.2014.7878
https://doi.org/10.1001/jama.2014.7878


Page 9 of 9Andersen et al. Insights into Imaging           (2023) 14:29 	

	10.	 Ringberg U, Fleten N, Forde OH (2014) Examining the variation in GPs’ 
referral practice: a cross-sectional study of GPs’ reasons for referral. Br J 
Gen Pract 64(624):e426–e433. https://​doi.​org/​10.​3399/​bjgp1​4X680​521

	11.	 Maskell G (2022) Scan first, ask questions later? BMJ 378:o2052. https://​
doi.​org/​10.​1136/​bmj.​o2052

	12.	 Jensen MS, Olsen KR, Morsø L, Søndergaard J, Schiøttz-Christensen B 
(2019) Does changed referral options affect the use of MRI for patients 
with low back pain? Evidence from a natural experiment using nation-
wide data. BMJ Open 9(6):e025921. https://​doi.​org/​10.​1136/​bmjop​
en-​2018-​025921

	13.	 Roemer MI (1961) Bed supply and hospital utilization: a natural experi-
ment. Hospitals 35:36–42

	14.	 Maskell G (2018) Think before you scan. BMJ. https://​doi.​org/​10.​1136/​bmj.​
k3754

	15.	 Andrade Ede O, Andrade EN, Gallo JH (2011) Case study of supply 
induced demand: the case of provision of imaging scans (computed 
tomography and magnetic resonance) at Unimed-Manaus. Rev Assoc 
Med Bras (1992) 57(2):138–43

	16.	 Lysdahl KB, Hofmann B (2009) What causes increasing and unnecessary 
use of radiological investigations? A survey of radiologists’ percep-
tions. BMC Health Serv Res 9(1):155–164. https://​doi.​org/​10.​1186/​
1472-​6963-9-​155

	17.	 Mokienko A (2019) Effects of a reimbursement change and travel times 
on the delivery of private and public radiology services in Norway: a 
register-based longitudinal study of Norwegian claims data. Cost Eff 
Resour Alloc 17(1):22. https://​doi.​org/​10.​1186/​s12962-​019-​0190-7

	18.	 Lysdahl KB, Børretzen I (2007) Geographical variation in radiological 
services: a nationwide survey. BMC Health Serv Res 7(1):21. https://​doi.​
org/​10.​1186/​1472-​6963-7-​21

	19.	 Saunes IS (2020) The Norwegian health care system. In: Tikkanen R, 
Osborn R, Mossialos E, Djordjevic A, Wharton G (eds) International profiles 
of health care systems. The Commonwealth Fund

	20.	 Bhargavan M, Sunshine JH (2005) Utilization of radiology services in the 
United States: levels and trends in modalities, regions, and populations. 
Radiology 234(3):824–832. https://​doi.​org/​10.​1148/​radiol.​23430​31536

	21.	 Berger M, Czypionka T (2021) Regional medical practice variation in high-
cost healthcare services. Eur J Health Econ 22(6):917–929. https://​doi.​org/​
10.​1007/​s10198-​021-​01298-w

	22.	 Arnold RW, Graham DA, Melvin PR, Taylor GA (2011) Variability in imaging 
utilization in U.S. Pediatric Hospitals. Pediatr Radiol 41(7):867–74. https://​
doi.​org/​10.​1007/​s00247-​011-​1998-2

	23.	 Nuti S, Vainieri M (2012) Managing waiting times in diagnostic medi-
cal imaging. BMJ Open 2(6):e001255. https://​doi.​org/​10.​1136/​bmjop​
en-​2012-​001255

	24.	 Pransky G, Foley G, Cifuentes M, Webster BS (2015) Geographic variation 
in early MRI for acute work-related low back pain and associated factors. 
Spine 40(21):1712–1718. https://​doi.​org/​10.​1097/​brs.​00000​00000​001124

	25.	 Parker L, Levin DC, Frangos A, Rao VM (2010) Geographic variation in the 
utilization of noninvasive diagnostic imaging: national Medicare data, 
1998–2007. AJR Am J Roentgenol 194(4):1034–1039. https://​doi.​org/​10.​
2214/​AJR.​09.​3528

	26.	 Gransjøen AM, Lysdahl KB, Hofmann BM (2019) Geographical variations 
in the use of diagnostic imaging of musculoskeletal diseases in Norway. 
Acta Radiol 60(9):1153–1158. https://​doi.​org/​10.​1177/​02841​85118​812204

	27.	 Riksrevisjonen (2017) Riksrevisjonens undersøkelse av bruken av poliklini-
ske bildediagnostikk. Oslo.

	28.	 Hofmann BM, Gransjøen AM (2022) Geographical variations in the use 
of outpatient diagnostic imaging in Norway 2019. Acta Radiol Open 
11(2):20584601221074560. https://​doi.​org/​10.​1177/​20584​60122​10745​61

	29.	 Vestre Viken HF (2019) Årsrapport 2019 (Norwegian)
	30.	 Kvammen OC, Leboeuf-Yde C (2014) The chiropractic profession in 

Norway 2011. Chiropr Man Ther 22(1):44. https://​doi.​org/​10.​1186/​
s12998-​014-​0044-5

	31.	 Kool RB, Verkerk EW, Winnemuller LJ et al (2020) Identifying and de-
implementing low-value care in primary care: the GP’s perspective-a 
cross-sectional survey. BMJ Open 10(6):e037019. https://​doi.​org/​10.​1136/​
bmjop​en-​2020-​037019

	32.	 Walderhaug KE, Nyquist MK, Mjolstad BP (2022) GP strategies to avoid 
imaging overuse. A qualitative study in Norwegian general practice. 
Scand J Prim Health Care. https://​doi.​org/​10.​1080/​02813​432.​2022.​20364​
80

	33.	 Nevedal AL, Lewis ET, Wu J et al (2020) Factors influencing primary care 
providers’ unneeded lumbar spine MRI orders for acute, uncomplicated 
low-back pain: a qualitative study. J Gen Intern Med 35(4):1044–1051. 
https://​doi.​org/​10.​1007/​s11606-​019-​05410-y

	34.	 Kjelle E, Andersen ER, Soril LJJ, van Bodegom-Vos L, Hofmann BM (2021) 
Interventions to reduce low-value imaging—a systematic review of 
interventions and outcomes. BMC Health Serv Res 21(1):983. https://​doi.​
org/​10.​1186/​s12913-​021-​07004-z

	35.	 Blekesaune A, Haugen MS (2018) Ageing in Norwegian rural and urban 
communities. Eur Countrys 10(2):232–246. https://​doi.​org/​10.​2478/​
euco-​2018-​0014

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3399/bjgp14X680521
https://doi.org/10.1136/bmj.o2052
https://doi.org/10.1136/bmj.o2052
https://doi.org/10.1136/bmjopen-2018-025921
https://doi.org/10.1136/bmjopen-2018-025921
https://doi.org/10.1136/bmj.k3754
https://doi.org/10.1136/bmj.k3754
https://doi.org/10.1186/1472-6963-9-155
https://doi.org/10.1186/1472-6963-9-155
https://doi.org/10.1186/s12962-019-0190-7
https://doi.org/10.1186/1472-6963-7-21
https://doi.org/10.1186/1472-6963-7-21
https://doi.org/10.1148/radiol.2343031536
https://doi.org/10.1007/s10198-021-01298-w
https://doi.org/10.1007/s10198-021-01298-w
https://doi.org/10.1007/s00247-011-1998-2
https://doi.org/10.1007/s00247-011-1998-2
https://doi.org/10.1136/bmjopen-2012-001255
https://doi.org/10.1136/bmjopen-2012-001255
https://doi.org/10.1097/brs.0000000000001124
https://doi.org/10.2214/AJR.09.3528
https://doi.org/10.2214/AJR.09.3528
https://doi.org/10.1177/0284185118812204
https://doi.org/10.1177/20584601221074561
https://doi.org/10.1186/s12998-014-0044-5
https://doi.org/10.1186/s12998-014-0044-5
https://doi.org/10.1136/bmjopen-2020-037019
https://doi.org/10.1136/bmjopen-2020-037019
https://doi.org/10.1080/02813432.2022.2036480
https://doi.org/10.1080/02813432.2022.2036480
https://doi.org/10.1007/s11606-019-05410-y
https://doi.org/10.1186/s12913-021-07004-z
https://doi.org/10.1186/s12913-021-07004-z
https://doi.org/10.2478/euco-2018-0014
https://doi.org/10.2478/euco-2018-0014

	The use of low-value imaging: the role of referral practice and access to imaging services in a representative area of Norway
	Abstract 
	Background 
	Results 
	Conclusions 

	Key points 
	Introduction
	Method
	Context
	Data collection
	Data preparation and analysis
	Ethics

	Results
	Q1. How were imaging services utilised in general and in relation to the CW-recommendations in 2019?
	Q2. How were the characteristics of referral practice to examinations related to the CW-recommendations in 2019, and what were the characteristics of referrers with high referral rates?
	Q3. How was distance to imaging facilities associated with the use of CW-imaging in 2019?

	Discussion
	Conclusion
	Acknowledgements
	References


