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Abstract

Background

Since 2000, guidelines have been consistent in recommending when diagnostic imaging for

low back pain should be obtained to ensure patient safety and reduce unnecessary tests.

This systematic review and meta-analysis was conducted to determine the pooled propor-

tion of CT and x-ray imaging of the lumbar spine that were considered appropriate in primary

and emergency care.

Methods

Pubmed, CINAHL, The Cochrane Database of Systematic Reviews and Embase were

searched for synonyms of “low back pain”, “guidelines”, and “adherence” that were pub-

lished after 2000. Titles, abstracts, and full texts were reviewed for inclusion with forward

and backward tracking on included studies. Included studies had data extracted and synthe-

sized. Risk of bias was performed on all studies, and GRADE was performed on included

studies that provided data on CT and x-ray separately. A random effect, single proportion

meta-analysis model was used.

Results

Six studies were included in the descriptive synthesis, and 5 studies included in the meta-

analysis. Five of the 6 studies assessed appropriateness of x-rays; two of the six studies

assessed appropriateness of CTs. The pooled estimate for appropriateness of x-rays was

43% (95% CI: 30%, 56%) and the pooled estimate for appropriateness of CTs was 54%

(95% CI: 51%, 58%). Studies did not report adequate information to fulfill the RECORD

checklist (reporting guidelines for research using observational data). Risk of bias was high
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in 4 studies, moderate in one, and low in one. GRADE for x-ray appropriateness was low-

quality and for CT appropriateness was very-low-quality.

Conclusion

While this study determined a pooled proportion of appropriateness for both x-ray and CT

imaging for low back pain, there is limited confidence in these numbers due to the down-

grading of the evidence using GRADE. Further research on this topic is needed to inform

our understanding of x-ray and CT appropriateness in order to improve healthcare systems

and decrease patient harms.

Introduction

Guidelines for the assessment and treatment of low back pain (LBP) have been in circulation

since the 1980s with more than 11 countries publishing their own LBP clinical guidelines in

the last two decades.[1] While most early versions of LBP guidelines did not recommend rou-

tine use of radiographic imaging for assessment of LBP, there were discrepancies about when

to image (e.g., some guidelines provided specific criteria or timeframes for imaging and others

did not). In the 1980s and 1990s, x-ray imaging was commonly recommended in the assess-

ment of LBP persisting longer than four weeks[1] and Computed Tomography (CT) was often

recommended in patients experiencing neurological deficits, including radicular symptoms.

[2,3] For the last 25 years, there has been increased congruence among LBP guidelines regard-

ing when and under what circumstances to use diagnostic imaging. Since 2000, the recom-

mendations typically state that diagnostic imaging is warranted only when patients with LBP

present with red flag symptoms that suggest the presence of one of four known specific spinal

pathologies (severe cauda equina, infection, fracture, and cancer).[4,5] Guidelines have also

been updated with respect to the potential direct and indirect patient harms of diagnostic

imaging, particularly x-ray and CT, as well as their lack of clinical utility for non-specific LBP.

While MRI is another form of diagnostic imaging, it does not expose patients to the ionising

radiation that x-ray and CT both emit; thus we are focusing only on those two imaging

modalities.

Harms of over-testing

Patient harms. Both x-ray and CT imaging expose patients to ionizing radiation, a

known mutagen that can increase risk of cancer, with CT exposing patients to more radiation

than x-ray.[6] The human body can tolerate some radiation, but the more exposure that a

patient has to radiation, the greater their cancer risk. This risk of radiation is even greater to

children and young adults as radiation can effect both male and female fertility.[7] Thus, radi-

ologists typically recommend using x-ray and CT only when medically necessary and clinically

justified to patient care.[8,9]

In addition to the harms from radiation, imaging can reveal incidental findings, such as

anatomical abnormalities, that are extremely common in asymptomatic patients, and only

weakly correlated with patient symptoms.[10] For example, a systematic review in 2014 found

that disc degeneration was present in 96% of asymptomatic adults aged 80 and up, and disc

bulges found in 80%.[11] Moreover, patients who receive diagnostic imaging do not have bet-

ter patient outcomes compared to those treated without imaging.[5,10] Chou et al. performed

a systematic review and meta-analysis to compare physical outcomes of patients with LBP who
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received imaging to those who did not.[12] They found that patients who received immediate

imaging for non-serious LBP had similar pain and function outcomes both in the short and

long term compared to patients who received usual care without imaging.[12] The harm of

incidental findings is that patients may have to be sent for further tests or procedures to con-

firm that the finding is in fact benign, which may delay the patient receiving the appropriate

treatment.

Health system burden. In addition to patient harms, over-testing results in a substantial

economic burden to healthcare systems.[13] In the United States, the amount of dollars spent

on all CTs in 2000 was $975 million, and by 2006, the amount increased to $2.17 billion.

[13,14] In countries with a public healthcare system, it is difficult to quantify in dollars the cost

of unnecessary imaging, but in Canada the rate of CT imaging has almost doubled since 2003,

[15] suggesting that the cost of imaging has also drastically increased. This financial increase is

also associated with trickle-down effects such as increased need for follow-up, further investi-

gations of incidental findings, referrals to specialists, and even surgery.[10,16]

Importance of assessing appropriateness

Given the potential patient harms and added health care costs of using diagnostic imaging, it is

essential to understand if these tests are being used appropriately according to the current

guidelines. This information allows healthcare providers to understand whether and to what

degree patient safety and quality of care are compromised with the use of unnecessary tests. A

recent systematic review of diagnostic imaging appropriateness for LBP found that approxi-

mately one third of imaging referrals were not appropriate; however, this review included

imaging referrals from any healthcare provider for any imaging modality (including MRIs).

[17] X-ray and CT pose the most direct harm to patients due to their radiation emissions; thus

we intend to provide a focused estimate of appropriateness for these tests only. Additionally,

since physicians in family practice or emergency department settings are the most common

setting for imaging referrals for patients with LBP and follow the same guidelines for imaging

ordering, we will focus our question to this provider population. This will also allow us to

reduce any heterogeneity in our estimate due to potentially different ordering practices or

guidelines amongst different providers.

Aim

We aim to synthesize the evidence from all studies investigating the appropriateness of physi-

cian-made referrals for CTs and x-rays for LBP in primary and emergency care, which from

here on we will refer to both as primary care. Our review adds to the literature by providing cli-

nicians, implementation researchers and policy makers with an estimate of imaging appropri-

ateness for CT imaging and x-ray imaging separately that is specific to physicians working in

family practice and emergency department settings.

Methods

This study was performed according to the PRISMA methodology.

Search strategy

Four databases, PubMed, CINAHL, EMBASE and The Cochrane Database of Systematic

Reviews, were searched for terms related to the PICO keywords of low back pain, guidelines,

and adherence. The search string was developed with a research librarian. Databases were

searched from inception to May 2018 (see S2 Appendix). Titles and abstracts from each
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database search were imported to Endnote (version 10), and duplicates were removed before

screening. Forward and backward citation tracking as well as reference lists of relevant system-

atic reviews and policy documents were done on all included papers in order to ensure our

database search captured all applicable published research articles.

Inclusion criteria

Studies were included if (i) the design was a retrospective or prospective review/audit of medi-

cal records, (ii) the data item was data on lumbar CT and x-ray images, (iii) the imaging refer-

rals were made by a physician in either general practice or emergency department settings, (iv)

the analysis compared the reason for imaging referral to a guideline source, and (v) the out-

come was the proportion of appropriate or inappropriate referrals based on adherence to the

guidelines. All LBP types were eligible for inclusion. We excluded studies that looked at appro-

priateness of imaging referred by other providers such as chiropractors, physiotherapists, or

nurse practitioners. Only studies that reported individual or aggregate data from chart reviews

for CT and x-ray imaging were included. If other tests or imaging modalities (e.g., MRI) were

combined with x-rays or CTs, the study authors were contacted to confirm if x-ray and CT

data could be reported separately, if not, the study would be excluded. Other study designs,

such as self-reported surveys or simulated patient visits were excluded. Since there was poten-

tial for variation in imaging recommendations found in guidelines published prior to the year

2000 that could impact in the definition of appropriateness, we excluded all studies in which

the data and guidelines were from 2000 and older.

Two reviewers (GL, AH) screened titles and abstracts and created a shortlist of full texts to

be screened. Full texts were scrutinized by two reviewers (GL, AH) to assess eligibility against

the inclusion/exclusion criteria. Any discrepancy was resolved upon discussion of the differ-

ence and consensus of the categorization for inclusion. Authors of studies that did not have a

full text available (abstract or conference proceedings only) were contacted to determine if

there was a published full-text. Authors of studies that did not report imaging modalities

included were contacted to determine if MRI was included in the aggregate data.

Data extraction

An electronic data collection form was developed to extract information from all included

studies on study characteristics and outcome data. For each study the healthcare setting, LBP

type, sample size, and outcome data were extracted. Outcomes included both the proportion

of appropriate and inappropriate images. Additional outcome information extracted included:

the guidelines source used for comparison, the definition used to assess appropriateness (or

inappropriateness), the outcome denominator (if outcome reported the number of patients,

images, visits), and measurement error (if reported).

Quality of reporting and risk of bias assessment

Quality of reporting was assessed for each study according to the “Reporting of studies Con-

ducted using Observational Routinely-collected health data” (RECORD) Statement checklist,

which is an expansion of the "Strengthening the Reporting of Observational Studies in Epide-

miology" STROBE Statement checklist.[18–21] Every included study was compared to the

RECORD Statement’s 35-item checklist to determine if the study reported pertinent informa-

tion to fulfill the checklist.

No widely accepted tool exists for assessing Risk of Bias (RoB) for this type of observational

study. Guidance was provided by a review authored by Sanderson et al. which provides a list of

specific domains to be considered.[22] RoB for these observational, non-randomised studies
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was determined by using items that related to the following 4 domains: Representativeness of

patients, misclassification of patients, misclassification of outcome measurement, and incon-

sistent data. Overall study RoB was judged to be low if 4 out of the 4 domains were judged as

low risk, moderate if 3 domains were considered low risk or high if two or less domain items

were low risk.

Data synthesis and analysis

Our main outcome was appropriateness of x-ray or CTs. For this review CT and x-ray appropri-

ateness was broadly defined as suspicion of any of the red flag conditions (fracture, cauda

equina, infection, malignancy). Since there is some variation in the guidelines about the exact

criteria for appropriateness we anticipated some clinical heterogeneity in the definitions used

by studies. Data were summarized separately for appropriateness of x-rays and appropriateness

of CTs. We extracted estimates of the proportion of appropriate x-rays or CTs (and 95% confi-

dence intervals) from each included study. In one case, the study only included an estimate of

inappropriateness.[48] In this case the authors were contacted to confirm‘that we could accu-

rately use the inverse of their estimate as the proportion of appropriate x-rays. When studies did

not provide CIs for their appropriate percentage, we calculated the 95% CI using the formula

for calculating confidence intervals for a single proportion in Stata (v 15). Meta-analysis for a

single proportion using a random effects model was completed on studies that were determined

to be clinically homogenous.[23] The pooled proportion was calculated with Stata (v 15).

We applied the GRADE (Grading of Recommendations, Assessment, Development and

Evaluation) approach to assess certainty of the estimates of appropriateness.[24] Certainty was

downgraded based on 4 factors:

• Risk of Bias: Twenty-five percent or more of the participants were from studies rated as hav-

ing a high RoB.

• Inconsistency in results: Determined by examining whether the estimates were similar in

magnitude (overlapping confidence intervals).

• Indirectness of evidence: More than 50% of the participants were outside the target group

(e.g., differences in populations, outcome measures, and interventions).

• Imprecision of evidence: Determined based on the width of the confidence interval (CI)

associated with the proportion of appropriateness (+/- 3%) and the overall sample size (at

least 2000 participants).

Results

We identified a total of 919 publications from database searching (n = 918) and additional

sources (n = 1), which was reduced to 696 studies after deduplication (Fig 1). We reviewed 185

full texts of which 22 were excluded for very specific reasons (see S2 Appendix).[25–46] Of the

six final included studies,[47–52] one study was published in Spanish but was translated for

analysis,[52] and two studies were abstracts only for which there was no full publication

according to the authors of the abstracts.[47,48]

Study characteristics

The studies were conducted in Finland, Ireland, Spain, & the United States (Table 1). In all

studies, imaging referrals were made by physicians from a mixture of both primary care clinics

or hospital settings. Sample sizes ranged from 30 to 3908. The duration of LBP in the different
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Fig 1. PRISMA flow diagram of search strategy.

https://doi.org/10.1371/journal.pone.0225414.g001
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studies was undefined. Five of 6 studies assessed appropriateness of x-rays; two of the six stud-

ies assessed appropriateness of CTs. The studies used a range of different guidelines to select

the criteria for determining appropriateness. Of the six studies included, nine different guide-

lines were used; some studies were directed by more than one guideline source.

Study design. The included studies were all retrospective chart reviews/audits (see S2

Appendix), though not all used common terms to indicate that.[47] The majority of studies were

a general chart audit/review done specifically to quantify appropriate imaging for LBP. However,

one study’s objective was to quantify appropriateness of CT imaging in young patients and

included more than CT imaging of the lumbar spine (e.g., thoracic spine, head, etc.).[49]

Setting. All included studies were a general chart review of medical records and were con-

ducted in a primary care provider setting and reported adequate information for the settings

according to the RECORD checklist. The settings were identified as a hospital or health centre,

with only one study mentioning data coming from the ED setting alone.[51]

Table 1. Study characterised and reported outcomes of appropriateness organised by image type.

Study /

Country

Setting1 Patient

age

Database / Data

source

Definition of Appropriateness

(Guideline Source)

Denominator (sample size)2 % Appropriate

(95%CI)

Risk of

Bias

x-ray

Baez 2011 USA Mixed 18-

40years

EMR/ Imaging

referral3
Adherence to ACR, ACP and APS

guidelines

Consecutive patients (18-40yrs) who

received lumbar spine imaging (n = 100)

34% (25, 43%) High

Culleton 2013

Ireland

Mixed�65years EMR/ Radiology

findings

Adherence to RCR guidelines All referrals for lumbar spine x-rays in

patients >65yrs over a 5 month period

(n = 414)

18% (14, 22%) High

Muntion-

Alfaro 2006,

Spain

Mixed NR Medical Records/

Unclear

Adherence to red flag indicators

listed in RCGP, AHCPR, and ICSI

guidelines

Consecutive patients who presented at 1

GP clinic with low back pain who received

a referral for an x-ray exam over a 1 year

period. (n = 126)

47% (43, 51%) Moderate

Schlemmer

2015 USA

ED NR Insurance Claims/

Imaging referral3
Adherence to red flag indicators,

or >6-weeks of LBP as listed in

the ACR and NCQA guidelines

All patients with a claim for a lumbar

spine x-ray examination over a 1 year

period. Note: this included only one x-ray

claim per patient. (n = 3908)

56% (55, 58%) Low

Tahvonen

2016 Finland

Mixed NR Medical Records/

Imaging referral

Medical notes

Unclear (EC) Consecutive patients (>16yrs) who

received lumbar spine imaging referrals

over a 6 month period (n = 50)

32% (19, 45%) High

CTs

Oikarinen

2009 Finland

Mixed < 35years Medical Records

Imaging referral3
Adherence to symptoms of

fracture as listed in EC guidelines

Consecutive patients (<35yrs) who

received a lumbar spine CT examination

starting in January 2005 (n = 30)

23% (8, 39%) High

Schlemmer

2015 USA

ED NR Insurance Claims

Imaging referral3
Adherence to red flag indicators,

or >6-weeks of LBP as listed in

the ACR and NCQA Guidelines

All patients with a claim for a lumbar

spine CT examination over a 1 year

period. Note: this included only one CT

claim per patient. (n = 648)

56% (52, 60%) Low

1 A mixed setting refers to studies that used a data source of imaging referrals in which the referring physician could be practicing in a family practice, in-hospital or

emergency department setting.
2 The total number of lumbar spine imaging/referrals reviewed.
3 In addition to the referral, patient charts may have been accessed to determine patient information for determining appropriateness

NR: not reported.

EBG: Evidence Based Guidelines.

Guideline Abbreviations: NCQA: National Committee for Quality Assurance; RCGP: Royal College of General Practitioners; AHCPR: Agency for Health Care Policy

and Research; ICSI: Institute for Clinical Systems Improvement; RCR: Royal College of Radiologists; ACR: American College of Radiologists; ACP: American College of

Physicians; APS: American Pain Society; EC: European Commission

The type of low back pain (e.g. acute, chronic) was not specified in any of the studies.

Reporting quality using the RECORD checklist

https://doi.org/10.1371/journal.pone.0225414.t001

What we know about appropriateness of imaging in primary care: a systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0225414 December 5, 2019 7 / 15

https://doi.org/10.1371/journal.pone.0225414.t001
https://doi.org/10.1371/journal.pone.0225414


Participants and study size. Participants were largely identified either by patient records,

or records of images. Coding used to identify the included records was clearly described in

only two studies.[51,52] These two studies were the only studies to justify their sample sizes.

Data sources/variables. Most studies took the information from the patients’ hospital or

clinic charts directly. If there was a specific database or computer program that was accessed, it

was not communicated in the published paper. Electronic medical records were specified in

three studies, but the applications were not identified by name.[48,51,52] One study utilized

an insurance claims database.[51]

Data access, cleaning, linkage, and supplementary information. These reporting crite-

ria were poorly or not at all discussed in the studies. If there was linkage involved it was not

clarified and if the data cleaning occurred the details were not explained sufficiently. No study

mentioned the level of database access researchers had. Only Schlemmer et al. provided sup-

plementary data that was available for access online.[51]

Risk of bias. The four domains that were assessed for RoB were representativeness of

patients, misclassification of patients, misclassification of outcome measurement, and incon-

sistency in data reporting (Fig 2). Four studies were judged to have a high risk of bias, one to

have moderate RoB[52] and one to have low RoB.[51]

Estimates of appropriateness

X-rays. We found five studies with 4,598 participants that reported the appropriateness of

x-rays, with four studies that used the reason for referral to determine appropriateness

(Table 1)[47,50–52] One study, by Culleton et al., used the radiology findings report interpret-

ing the image to determine appropriateness.[48] It was excluded from the meta-analysis due to

the heterogeneity of outcome assessment and data source. From the four studies with 4,184

participants, we found low quality evidence that 43% (95% CI: 30%, 56%) of x-rays were

appropriate (Fig 3). The quality of evidence was downgraded for two reasons; inconsistency

and indirectness (Table 2). The estimate was determined to be inconsistent based on non-

overlapping confidence intervals of individual estimates across studies. As well, the estimate

was downgraded due to indirectness as one of the studies was conducted solely in an ED set-

ting while all others were in a mixed setting health centres with both general and ED

physicians.

CTs. We found two studies with 678 participants that reported the appropriateness of CTs

(Table 1). Both studies used the reason for referral to determine appropriateness but used

Fig 2. Risk of bias of included studies as determined by the representativeness of patients, risk of misclassification of patients, misclassification of the outcome of

interest, and inconsistent data.

https://doi.org/10.1371/journal.pone.0225414.g002
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different criteria to define the outcome. Schlemmer et al.[51] defined appropriateness as any

red flag condition or pain that has persisted greater than 6 weeks and Oikarinen et al.[49]

restricted the definition to only situations of trauma. Using both studies, we found very low-

quality evidence that 54% (95% CI: 51%, 58%) of CTs for LBP were appropriate (Fig 3). Similar

to the outcome of x-ray appropriateness, the certainty of the estimate for CT appropriateness

was downgraded due to inconsistency because of non-overlapping confidence intervals and

indirectness because there were differences in the setting that would influence the outcome.

Additionally, the estimate was downgraded due to imprecision, although the confidence inter-

vals were somewhat narrow, the estimate is based on a sample size that is less than 2000 partic-

ipants which challenges the certainty of the estimate (Table 2).

Discussion

Few studies have been published reporting on the appropriateness of x-ray and CT scans

ordered by primary care physicians (in general practice or emergency medicine) individually

for patients with LBP. Among the studies we identified, most were conducted in European

countries. No audit was conducted in countries such as Canada and Australia despite these

countries having ongoing national campaigns to reduce unnecessary imaging for LBP (e.g.,

Choosing Wisely Canada, etc.).[7] From the available evidence, we found that only half of x-

rays and CTs are being ordered according to guidelines. However, due to several factors

Table 2. GRADE summary of findings for the outcome of appropriateness of x-ray and CT imaging for patients with low back pain.

Appropriateness of x-ray and CT imaging in patients with LBP ordered by primary and emergency care physicians

Population: Patients with any type of low back pain

Setting: Emergency department, General Practice, Hospital

Comparison: Back pain guidelines for imaging, assumed to focus on red flag indicators

Outcome Effect Number of participants in Studies Certainty

Appropriateness of x-ray 43% (30 to 56%) n = 4,184; four studies Low2,4
LL

OO

Appropriateness of CTs 54% (51 to 58%) n = 678; two studies Very low2,3,4
L

OOO

� GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.
1 Downgraded due to Risk of Bias
2 Downgraded on Inconsistency
3 Downgraded imprecision
4 Downgraded on indirectness

https://doi.org/10.1371/journal.pone.0225414.t002

Fig 3. Meta-analysis for proportion of appropriate x-rays and CT scans for low back pain.

https://doi.org/10.1371/journal.pone.0225414.g003
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related to inconsistency and indirectness, we have low certainty in this estimate. Our lack of

certainty stems largely from the variation or lack of reporting how appropriateness had been

defined in these studies. Moreover, the majority of the studies we identified were conducted

with very small sample sizes (and were thus underpowered to provide reliable estimates) and

were of low methodological and reporting quality. In order to advance the science in this area,

better quality studies that are adequately powered and adhere to guidelines for conducting and

reporting clinical audits using routinely collected data are required.

While another systematic review has investigated imaging appropriateness, it had heteroge-

neity by including multiple providers and included multiple imaging modality types, including

MRI.[17] Our review adds to the current knowledge base in this area by answering a specific

question regarding the appropriateness of radiation emitting x-ray and CT for patients with

LBP in settings where patients typically seek care. Given that there have been several recent

(past 5 years) international campaigns targeting physicians in general practice and emergency

departments to reduce imaging, providing a robust assessment of the appropriateness specific

to this recommendation is necessary to help clarify the issue and set targets for change.[7]

With respect to the estimate of imaging appropriateness, it is important to discuss that we

found wide variation in the methods and reporting of the included studies. The six included

studies cited 9 different guideline sources, which were not always internationally recognized.

In addition, although the names and sometimes references of guidelines were mentioned as

the source for determining appropriateness, it was not clear which criteria were used to define

the outcome. For example, many guidelines recommended imaging only when red flags were

present, and others provided additional criteria, which recommended imaging after a certain

duration of LBP and non-response to treatment. It was unclear how these criteria were opera-

tionalized to code the reasons for referral as appropriate or not. This could lead to misclassifi-

cation of the outcome or low reliability of the results. Better reporting of criteria for defining

appropriateness and examples of operationalizing the coding protocol would improve our

understanding of possible heterogeneity in the outcomes across studies.

Other sources of potential heterogeneity included the differences in inclusion criteria

regarding patient population, the setting in which imaging referrals were made, and the medi-

cal record data sources. For example, two studies looked at patients that were under the age of

40, while one study looked only at patients older than 65 years. While most studies included a

mixture of settings with referrals made from hospital-based or general practice-based physi-

cians, one study focused solely on referrals made within an emergency department setting.

Lastly, one study collected data from an insurance database, while two looked at EMR, and

three did not describe the database other than to mention medical records. These potential

sources of clinical heterogeneity may explain some of the inconsistency in the estimates across

studies.

Strengths

As with most systematic reviews and meta-analyses, we adhered to the PRISMA guidance for

conducting and reporting systematic reviews and meta-analysis using observational data.

[53,54] This included a) having two reviewers screen studies and extract data, b) providing an

assessment of methodological quality and heterogeneity among the included studies, and c)

forward and backward citation tracking to ensure all relevant studies were captured. We

focused on an exact question of what the pooled proportion of radiation emitting imaging for

patients with LBP in ED and primary care settings were appropriate which allowed us to

understand how frequent these test orders are appropriate for these modalities that also cause

harm to patients. Exclusion of older guidelines allows us to focus on recent studies that are
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most applicable to the current guideline recommendations and current health care provider

practice. Finally, we used the “RECORD checklist” to provide a robust assessment of the qual-

ity of reporting which allowed us to make sound recommendations for advancing the quality

and replicability of the science in these types of study designs.

Limitations

Despite its strengths, this study is limited in a few ways. First, due to resource constraints we

chose to use a more specific search strategy meaning that it may not have been sufficiently sen-

sitive to identify an exhaustive list of all potentially relevant studies. However, after consulta-

tion with a research librarian about this decision we included forward and backward citation

tracking to enhance our specific search of electronic databases. While additional citation track-

ing did identify several potentially relevant studies all but one[51] were later excluded for vari-

ous reasons (see S2 Appendix).

Other limitations of this systematic review involve the quality, risk of bias assessments, and

heterogeneity of the included studies. Many of the studies were not described in sufficient

detail to assess the quality for replicability. Since a tool does not already exist to help grade the

studies that are reporting routinely collected health data, the domains for potential introduc-

tion of bias were selected based on expert opinion. This makes it difficult to compare to other

systematic reviews. As mentioned, the clinical heterogeneity of the included studies with

respect to the definition of appropriateness and differences in the inclusion criteria of patient

ages also limits the certainty of our findings around the estimate of appropriateness, which we

have reflected in our GRADE assessment.

Future research

Based on this review’s findings, we identified several areas for future research that would

improve our knowledge about the appropriateness of LBP imaging. First, only 2 studies

assessed the appropriateness of CT images for LBP that were ordered by physicians. One of

these studies had a very small sample size and high risk of bias and the other was methodologi-

cally sound but was conducted in an ED setting. Future studies in other countries, using simi-

lar methods to Schlemmer et al. in both general practice and emergency settings, would be

helpful to confirm appropriateness of CTs for LBP. This would involve adhering to the

RECORD statement for improved reporting quality. Additionally, for both outcomes of x-rays

and CTs, we found that the definition of appropriateness varied among studies and in many

cases the definition was often unclear or too vague to allow meaningful interpretation or repli-

cation. Thus, as a first essential step, we recommend future research clearly report the defini-

tion of appropriateness they are using and the operationalization of the definition for coding

purposes. Second, and possibly most important, this field of research would benefit from a

standardized definition of appropriateness for x-rays and CTs. This could be based on a spec-

trum to reflect some variation in the guidelines, ranging from a very strict cut-off (e.g., appro-

priate if only trauma-indicated used in the Oikarinen et al. study) to more inclusive definitions

(e.g., any red-flag indicated and/or having pain greater than 6 weeks as was used in Schlemmer

et al).[49,51]

Implications for practice

The results of this systematic review show that in several countries about half of the referrals

for LBP imaging (x-rays and CTs) are not appropriate according to the guidelines. Due to the

associated patient harms of x-ray and CTs scans including radiation exposure, high rates of

incidental findings and risk of delayed recovery, non-adherence to the guidelines represents
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low-value care for patients.[27] Hence, it is important to better understand why these referrals

are made through future research.

Conclusion

Recently there has been a push to reduce unnecessary and inappropriate imaging, not only to

save costs, but also to provide better patient care.[10] This review provides an estimate of

appropriateness for radiation emitting imaging for LBP, which indicates that only about half

of imaging is appropriate according to recent guidelines. However, due to lack of published

research, this estimate was not informed by data from many of the countries promoting the

reduction of inappropriate imaging such as Canada, Australia and the UK. Moving forward,

what we need is for more countries to undertake high quality studies with sufficiently large

sample sizes using clear definitions of appropriateness.

Supporting information

S1 Appendix. Search strategies.

(DOCX)

S2 Appendix. Studies identified in search strategy (including forward and backward track-

ing) and the reason(s) they were excluded from descriptive synthesis and meta-analysis.

(DOCX)

S3 Appendix. RECORD and STROBE checklist items for included studies in descriptive

synthesis.

(DOCX)

Acknowledgments

Thank you to Michelle Swab, a research librarian, who assisted with constructing the search

strategy and applying it to different databases.

Author Contributions

Conceptualization: Gabrielle S. Logan, Amanda Hall.

Data curation: Gabrielle S. Logan.

Formal analysis: Gabrielle S. Logan, Bethan Copsey.

Funding acquisition: Gabrielle S. Logan, Patrick Parfrey, Holly Etchegary.

Investigation: Gabrielle S. Logan.

Methodology: Gabrielle S. Logan, Amanda Hall.

Project administration: Gabrielle S. Logan, Amanda Hall.

Resources: Gabrielle S. Logan, Amanda Hall.

Software: Amanda Hall.

Supervision: Amanda Hall.

Writing – original draft: Gabrielle S. Logan.

Writing – review & editing: Gabrielle S. Logan, Andrea Pike, Bethan Copsey, Patrick Parfrey,

Holly Etchegary, Amanda Hall.

What we know about appropriateness of imaging in primary care: a systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0225414 December 5, 2019 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225414.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225414.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225414.s003
https://doi.org/10.1371/journal.pone.0225414


References
1. Koes BW, van Tulder MW, Ostelo R, et al. Clinical guidelines for the management of low back pain in

primary care: an international comparison. Spine J 2001; 26(22):2504–13.

2. Deyo RA. Early diagnostic evaluation of low back pain. J Gen Intern Med 1986; 1(5):328–38. https://doi.

org/10.1007/bf02596214 PMID: 2945917

3. Schroth WS, Schectman JM, Elinsky EG, et al. Utilization of medical services for the treatment of acute

low back pain. J Gen Intern Med 1992; 7(5):486–91. https://doi.org/10.1007/bf02599449 PMID:

1403203

4. Davis PC, Wippold FJ, Brunberg JA, et al. ACR Appropriateness Criteria on low back pain. J Am Coll

Radiol 2009; 6(6):401–7. https://doi.org/10.1016/j.jacr.2009.02.008 PMID: 19467485

5. Chou R, Qaseem A, Owens DK, et al. Clinical Guidelines Committee of the American College of Physi-

cians. Diagnostic imaging for low back pain: advice for high-value health care from the American Col-

lege of Physicians. Ann Intern Med 2011; 154(3):181–9. https://doi.org/10.7326/0003-4819-154-3-

201102010-00008 PMID: 21282698

6. Health Risks from Exposure to Low Levels of Ionizing Radiation: BEIR VII, Phase I, Letter Report.

Washington, DC: The National Academies Press; 1998.

7. Choosing Wisely Canada. Imaging Tests for Lower Back Pain: When you need them and when you

don’t. Available at: https://choosingwiselycanada.org/imaging-tests-low-back-pain/. Accessed January

9, 2019.

8. Bushberg JT. Eleventh annual Warren K. Sinclair keynote address—science, radiation protection and

NCRP: building on the past, looking to the future. Health Phys 2015; 108(2):115–23. https://doi.org/10.

1097/HP.0000000000000228 PMID: 25551490

9. Answers to common questions about the use and safety of CT scans. Mayo Clinic Proceedings: Else-

vier; 2015.

10. Chou R, Deyo RA, Jarvik JG. Appropriate use of lumbar imaging for evaluation of low back pain. Radiol

Clin North Am 2012; 50(4):569–85. https://doi.org/10.1016/j.rcl.2012.04.005 PMID: 22643385

11. Brinjikji W, Luetmer PH, Comstock B, et al. Systematic literature review of imaging features of spinal

degeneration in asymptomatic populations. AJNR Am J Neuroradiol 2015; 36(4):811–6. https://doi.org/

10.3174/ajnr.A4173 PMID: 25430861

12. Chou R, Fu R, Carrino JA, et al. Imaging strategies for low-back pain: systematic review and meta-anal-

ysis. Lancet 2009; 373(9662):463–72. https://doi.org/10.1016/S0140-6736(09)60172-0 PMID:

19200918

13. Medicare Part B. imaging services: rapid spending growth and shift to physician offices indicate need

for CMS to consider additional management practices. Washington, DC: Government Accountability

Office 2008.

14. Lehnert BE, Bree RL. Analysis of appropriateness of outpatient CT and MRI referred from primary care

clinics at an academic medical center: how critical is the need for improved decision support? J Am Coll

Radiol 2010; 7(3):192–7. https://doi.org/10.1016/j.jacr.2009.11.010 PMID: 20193924

15. Canadian Institute of Health Information. Medical Imaging in Canada 2012. 2013; Available at: https://

www.cihi.ca/en/mit_summary_2012_en.pdf. Accessed January 9, 2019.

16. Deyo RA. Diagnostic evaluation of LBP: reaching a specific diagnosis is often impossible. Arch Intern

Med 2002; 162(13):1444–7. https://doi.org/10.1001/archinte.162.13.1444 PMID: 12090877

17. Jenkins HJ, Downie AS, Maher CG, et al. Imaging for low back pain: is clinical use consistent with guide-

lines? A systematic review and meta-analysis. Spine J Published Online First: 3 May 2018. https://doi.

org/10.1016/j.spinee.2018.05.004 PMID: 29730460

18. Benchimol EI, Smeeth L, Guttmann A, et al. The REporting of studies Conducted using Observational

Routinely-collected health Data (RECORD) Statement. PLoS Med 2015; 12(10):e1001885. https://doi.

org/10.1371/journal.pmed.1001885 PMID: 26440803

19. Nicholls SG, Quach P, Von Elm E, et al. The REporting of studies Conducted using Observational Rou-

tinely-collected health Data (RECORD) statement: Methods for arriving at consensus and developing

reporting guidelines. PLoS ONE 2015; 10(5):e0125620. https://doi.org/10.1371/journal.pone.0125620

PMID: 25965407

20. von Elm E, Altman DG, Egger M, et al. The strengthening the reporting of observational studies in epi-

demiology (STROBE) statement: Guidelines for reporting observational studies. Int J Surg 2014; 12

(12):1495–99. https://doi.org/10.1016/j.ijsu.2014.07.013 PMID: 25046131

21. Noah N. The STROBE Initiative STrengthening the Reporting of OBservational studies in Epidemiology

(STROBE). Epidemiol Infect 2008; 136(7):865. https://doi.org/10.1017/S0950268808000733 PMID:

18482461

What we know about appropriateness of imaging in primary care: a systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0225414 December 5, 2019 13 / 15

https://doi.org/10.1007/bf02596214
https://doi.org/10.1007/bf02596214
http://www.ncbi.nlm.nih.gov/pubmed/2945917
https://doi.org/10.1007/bf02599449
http://www.ncbi.nlm.nih.gov/pubmed/1403203
https://doi.org/10.1016/j.jacr.2009.02.008
http://www.ncbi.nlm.nih.gov/pubmed/19467485
https://doi.org/10.7326/0003-4819-154-3-201102010-00008
https://doi.org/10.7326/0003-4819-154-3-201102010-00008
http://www.ncbi.nlm.nih.gov/pubmed/21282698
https://choosingwiselycanada.org/imaging-tests-low-back-pain/
https://doi.org/10.1097/HP.0000000000000228
https://doi.org/10.1097/HP.0000000000000228
http://www.ncbi.nlm.nih.gov/pubmed/25551490
https://doi.org/10.1016/j.rcl.2012.04.005
http://www.ncbi.nlm.nih.gov/pubmed/22643385
https://doi.org/10.3174/ajnr.A4173
https://doi.org/10.3174/ajnr.A4173
http://www.ncbi.nlm.nih.gov/pubmed/25430861
https://doi.org/10.1016/S0140-6736(09)60172-0
http://www.ncbi.nlm.nih.gov/pubmed/19200918
https://doi.org/10.1016/j.jacr.2009.11.010
http://www.ncbi.nlm.nih.gov/pubmed/20193924
https://www.cihi.ca/en/mit_summary_2012_en.pdf
https://www.cihi.ca/en/mit_summary_2012_en.pdf
https://doi.org/10.1001/archinte.162.13.1444
http://www.ncbi.nlm.nih.gov/pubmed/12090877
https://doi.org/10.1016/j.spinee.2018.05.004
https://doi.org/10.1016/j.spinee.2018.05.004
http://www.ncbi.nlm.nih.gov/pubmed/29730460
https://doi.org/10.1371/journal.pmed.1001885
https://doi.org/10.1371/journal.pmed.1001885
http://www.ncbi.nlm.nih.gov/pubmed/26440803
https://doi.org/10.1371/journal.pone.0125620
http://www.ncbi.nlm.nih.gov/pubmed/25965407
https://doi.org/10.1016/j.ijsu.2014.07.013
http://www.ncbi.nlm.nih.gov/pubmed/25046131
https://doi.org/10.1017/S0950268808000733
http://www.ncbi.nlm.nih.gov/pubmed/18482461
https://doi.org/10.1371/journal.pone.0225414


22. Sanderson S, Tatt ID, Higgins J. Tools for assessing quality and susceptibility to bias in observational

studies in epidemiology: a systematic review and annotated bibliography. Int J Epidemiol 2007; 36

(3):666–76. https://doi.org/10.1093/ije/dym018 PMID: 17470488

23. Nyaga VN, Arbyn M, Aerts M. Metaprop: a Stata command to perform meta-analysis of binomial data.

Archives of Public Health 2014; 72(1):39. https://doi.org/10.1186/2049-3258-72-39 PMID: 25810908

24. Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Introduction-GRADE evidence profiles and

summary of findings tables. J Clin Epidemiol 2011; 64(4):383–94. https://doi.org/10.1016/j.jclinepi.

2010.04.026 PMID: 21195583

25. Fullen BM, Maher T, Bury G, et al. Adherence of Irish general practitioners to European guidelines for

acute low back pain: A prospective pilot study. Eur J Pain 2007; 11(6):614–23. https://doi.org/10.1016/j.

ejpain.2006.09.007 PMID: 17126046

26. Raja AS, Ip IK, Cochon L, et al. Will publishing evidence-based guidelines for low back pain imaging

decrease imaging use? Am J Emerg Med Published Online First: 2018 July 18. https://doi.org/10.1016/

j.ajem.2018.07.039 PMID: 30037562

27. Charlesworth CJ, Meath THA, Schwartz AL, et al. Comparison of low-value care in medicaid vs com-

mercially insured populations. JAMA Intern Med 2016; 176(7):998–1004. https://doi.org/10.1001/

jamainternmed.2016.2086 PMID: 27244044

28. Foo C, Pearson K. Are we choosing wisely at northern health?[abstract] Intern Med J 2017; 47:12.

29. Kost A, Genao I, Lee JW, et al. Clinical decisions made in primary care clinics before and after Choosing

Wisely™. J Am Board Fam Med 2015; 28(4):471–4. https://doi.org/10.3122/jabfm.2015.05.140332

PMID: 26152437

30. Lin IB, Coffin J, O’Sullivan PB. Using theory to improve low back pain care in Australian Aboriginal pri-

mary care: a mixed method single cohort pilot study. BMC Fam Pract 2016; 17:44. https://doi.org/10.

1186/s12875-016-0441-z PMID: 27068773

31. Rao S, Rao S, Harvey HB, et al. Low back pain in the emergency department—Are the ACR Appropri-

ateness Criteria being followed? J Am Coll Radiol 2015; 12(4):364–9. https://doi.org/10.1016/j.jacr.

2014.10.020 PMID: 25703700

32. Rego MH, Nagiah S. Over-imaging in uncomplicated low back pain: a 12-month audit of a general medi-

cal unit. Intern Med J 2016; 46(12):1437–9. https://doi.org/10.1111/imj.13279 PMID: 27981773

33. Bishop PB, Wing PC. Compliance with clinical practice guidelines in family physicians managing work-

er’s compensation board patients with acute lower back pain. Spine J 2003; 3(6):442–50. https://doi.

org/10.1016/s1529-9430(03)00152-9 PMID: 14609688

34. Buller-Close K, Schriger DL, Baraff LJ. Heterogeneous effect of an Emergency Department Expert

Charting System. Ann Emerg Med 2003; 41(5):644–52. https://doi.org/10.1067/mem.2003.182 PMID:

12712031

35. Day F, Hoang LP, Ouk S, et al. The impact of a guideline-driven computer charting system on the emer-

gency care of patients with acute low back pain. Proc Annu Symp Comput Appl Med Care 1995:576–

80. PMID: 8563351

36. Eccles M, Steen N, Grimshaw J, et al. Effect of audit and feedback, and reminder messages on pri-

mary-care radiology referrals: a randomised trial. Lancet 2001; 357(9266):1406–9. https://doi.org/10.

1016/S0140-6736(00)04564-5 PMID: 11356439

37. Espeland A, Albrektsen G, Larsen JL. Plain radiography of the lumbosacral spine. An audit of referrals

from general practitioners. Acta Radiol 1999; 40(1):52–9. https://doi.org/10.1080/02841859909174403

PMID: 9973903

38. Halpin SF, Yeoman L, Dundas DD. Radiographic examination of the lumbar spine in a community hos-

pital: an audit of current practice. BMJ 1991; 303(6806):813–5. https://doi.org/10.1136/bmj.303.6806.

813 PMID: 1932970

39. Hourcade S, Treves R. Computed tomography in low back pain and sciatica. A retrospective study of

132 patients in the Haute-Vienne district of France. Joint Bone Spine 2002; 69(6):589–96. https://doi.

org/10.1016/s1297-319x(02)00456-6 PMID: 12537267

40. Gonzalez-Urzelai V, Palacio-Elua L, Lopez-de-Munain J. Routine primary care management of acute

low back pain: adherence to clinical guidelines. Eur Spine J 2003; 12(6):589–94. https://doi.org/10.

1007/s00586-003-0567-2 PMID: 14605973

41. Schectman JM, Schroth WS, Verme D, et al. Randomized controlled trial of education and feedback for

implementation of guidelines for acute low back pain. J Gen Intern Med 2003; 18(10):773–80. https://

doi.org/10.1046/j.1525-1497.2003.10205.x PMID: 14521638

42. Suarez-Almazor ME, Belseck E, Russell AS, et al. Use of lumbar radiographs for the early diagnosis of

low back pain: Proposed guidelines would increase utilization. JAMA 1997; 277(22):1782–6. PMID:

9178791

What we know about appropriateness of imaging in primary care: a systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0225414 December 5, 2019 14 / 15

https://doi.org/10.1093/ije/dym018
http://www.ncbi.nlm.nih.gov/pubmed/17470488
https://doi.org/10.1186/2049-3258-72-39
http://www.ncbi.nlm.nih.gov/pubmed/25810908
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/j.jclinepi.2010.04.026
http://www.ncbi.nlm.nih.gov/pubmed/21195583
https://doi.org/10.1016/j.ejpain.2006.09.007
https://doi.org/10.1016/j.ejpain.2006.09.007
http://www.ncbi.nlm.nih.gov/pubmed/17126046
https://doi.org/10.1016/j.ajem.2018.07.039
https://doi.org/10.1016/j.ajem.2018.07.039
http://www.ncbi.nlm.nih.gov/pubmed/30037562
https://doi.org/10.1001/jamainternmed.2016.2086
https://doi.org/10.1001/jamainternmed.2016.2086
http://www.ncbi.nlm.nih.gov/pubmed/27244044
https://doi.org/10.3122/jabfm.2015.05.140332
http://www.ncbi.nlm.nih.gov/pubmed/26152437
https://doi.org/10.1186/s12875-016-0441-z
https://doi.org/10.1186/s12875-016-0441-z
http://www.ncbi.nlm.nih.gov/pubmed/27068773
https://doi.org/10.1016/j.jacr.2014.10.020
https://doi.org/10.1016/j.jacr.2014.10.020
http://www.ncbi.nlm.nih.gov/pubmed/25703700
https://doi.org/10.1111/imj.13279
http://www.ncbi.nlm.nih.gov/pubmed/27981773
https://doi.org/10.1016/s1529-9430(03)00152-9
https://doi.org/10.1016/s1529-9430(03)00152-9
http://www.ncbi.nlm.nih.gov/pubmed/14609688
https://doi.org/10.1067/mem.2003.182
http://www.ncbi.nlm.nih.gov/pubmed/12712031
http://www.ncbi.nlm.nih.gov/pubmed/8563351
https://doi.org/10.1016/S0140-6736(00)04564-5
https://doi.org/10.1016/S0140-6736(00)04564-5
http://www.ncbi.nlm.nih.gov/pubmed/11356439
https://doi.org/10.1080/02841859909174403
http://www.ncbi.nlm.nih.gov/pubmed/9973903
https://doi.org/10.1136/bmj.303.6806.813
https://doi.org/10.1136/bmj.303.6806.813
http://www.ncbi.nlm.nih.gov/pubmed/1932970
https://doi.org/10.1016/s1297-319x(02)00456-6
https://doi.org/10.1016/s1297-319x(02)00456-6
http://www.ncbi.nlm.nih.gov/pubmed/12537267
https://doi.org/10.1007/s00586-003-0567-2
https://doi.org/10.1007/s00586-003-0567-2
http://www.ncbi.nlm.nih.gov/pubmed/14605973
https://doi.org/10.1046/j.1525-1497.2003.10205.x
https://doi.org/10.1046/j.1525-1497.2003.10205.x
http://www.ncbi.nlm.nih.gov/pubmed/14521638
http://www.ncbi.nlm.nih.gov/pubmed/9178791
https://doi.org/10.1371/journal.pone.0225414


43. Tacci JA, Webster BS, Hashemi L, et al. Clinical practices in the management of new-onset, uncompli-

cated, low back workers’ compensation disability claims. J Occup Environ Med 1999; 41(5):397–404.

https://doi.org/10.1097/00043764-199905000-00008 PMID: 10337610

44. Deyo RA, Diehl AK. Lumbar spine films in primary care. J Gen Intern Med 1986; 1(1):20–25. https://doi.

org/10.1007/bf02596320 PMID: 2945915

45. Espeland A, Baerheim A, Albrektsen G, et al. Patients’ views on importance and usefulness of plain

radiography for low back pain. Spine J 2001; 26(12):1356–63.

46. Richards PJ, Tins B, Cherian R, et al. The emergency department: an appropriate referral rate for radi-

ography. Clin Radiol 2002; 57(8):753–8. https://doi.org/10.1053/crad.2002.0970 PMID: 12169288

47. Baez J, Khorasani R. Lumbar radiographs: Adherence to evidence based guidelines[abstract]. Emerg

Radiol 2011; 18(6):460.

48. Culleton S, Quinn C, O’Keeffe P. Imaging of low back pain in older people: An audit of current practice

[abstract]. Ir J Med Sci 2013; 182:S246.
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