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Purpose: The increasing use of diagnostic imaging has led to high expenditures, unnecessary invasive procedures
and/or false-positive diagnoses, without certainty that the patients actually benefit from these imaging proce-
dures. This review explores whether diagnostic imaging leads to better patient-reported outcomes in individuals
with musculoskeletal disorders.
Method: Databases were searched from inception to September 2013, together with scrutiny of selected bibliog-
raphies. Trials were eligible when: 1) a diagnostic imaging procedure was compared with any control group not
getting or not receiving the results of imaging; 2) the population included individuals suffering from musculo-
skeletal disorders, and 3) if patient-reported outcomes were available. Primary outcome measures were pain
and function. Secondary outcome measures were satisfaction and quality of life. Subgroup analysis was done
for different musculoskeletal complaints and high technological medical imaging (MRI/CT).
Results: Eleven trials were eligible. The effects of diagnostic imaging were only evaluated in patients with low
back pain (n = 7) and knee complaints (n = 4). Overall, there was a moderate level of evidence for no benefit
of diagnostic imaging on all outcomes compared with controls. A significant but clinically irrelevant effect
was found in favor of no (routine) imaging in low back pain patients in terms of pain severity at short
[SMD 0.17 (0.04–0.31)] and long-term follow-up [SMD 0.13 (0.02–0.24)], and for overall improvement
[RR 1.15 (1.03–1.28)]. Subgroup analysis did not significantly change these results.
Conclusion: These results strengthen the available evidence that routine referral to diagnostic imaging by general
practitioners for patients with knee and low back pain yields little to no benefit.

© 2015 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.

1. Introduction

For patients in whom the diagnosis remains uncertain after history
taking and physical examination, general practitioners (or clinicians in
general) can turn to diagnostic imaging modalities [1]. However, there
has been a steady but debatable increase in the use of diagnostic imag-
ing. For example, in the USA, between 1995 and 2005 the frequency of
computed tomography (CT) has doubled and for magnetic resonance
imaging (MRI) it has more than tripled [2]. The increase of diagnostic

tests can lead to a false-positive diagnosis, ‘pseudo’ disease, or adverse
effects, resulting in an unnecessary chain of events [3–6]. Imaging pro-
cedures may also lead to incidental findings, which can be found in
both symptomatic and asymptomatic individuals [7,8] indicating that
diagnostic imaging findingsmay not always be responsible for the com-
plaints experienced by the patient. The USA has experienced a larger
number of spine surgeries due to an increase in the rate of spinal imag-
ing [9] and others have reported increasing costs due to diagnostic
imaging [10–12]. On the other hand the advancements inmedical imag-
ing techniques like MRI and other high technological medical imaging
techniques can be used to replace older imaging techniques.

A previous systematic review including six randomized clinical trials
(RCTs) in low back pain patients reported that immediate, routine
lumbar spine imaging did not improve patient-reported outcomes
[13]. Several trials have focused on patients with other musculoskeletal
disorders, of which two found significant results for the effect of imag-
ing [14–16]. Clinicians generally assume that reassurance must follow
from a confident statement that no disease has been found. Neverthe-
less, negative test results are not always effective in reassuring patients
[17]. A recent systematic review of five RCTs concluded that there is
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very limited evidence from current studies for the reassuring value of
diagnostic tests in patients with varying complaints [18].

Although diagnostic imaging procedures are believed to influence
patient care in a variety ofways, it remains unclearwhether there is suf-
ficient evidence to show that patient outcomes improve due to diagnos-
tic imaging [13,18]. Until now, no review has studied the effectiveness
of diagnostic imaging for patients with musculoskeletal disorders
other than lowback pain, or has used theGRADE approach to determine
the strength of the evidence. Therefore, this review aims to evaluate the
role of immediate (after first consultation) diagnostic imaging proce-
dures in patients with musculoskeletal disorders on patient-reported
outcome measures (PROMs) using the GRADE approach.

2. Methods

2.1. Selection criteria

RCTs were eligible when: 1) a diagnostic imaging procedure was
comparedwith a control groupnot getting diagnostic imaging or not re-
ceiving results of imaging; 2) the population included individuals suf-
fering from musculoskeletal disorders, and 3) if one of the following
primary outcomes were reported: disability, pain, sick leave, quality of
life, satisfaction, mental health, reassurance, or overall improvement/
recovery.

2.2. Search method

Three review authors (YK, SE, SM) identified RCTs by searching the
databases of MEDLINE, Cochrane, EMBASE and PubMed from inception
to September 2013 (Supplementary material). Relevant reference
lists were also reviewed for additional citations. Two review authors
(YK, KV) independently performed the study selection. Any disagree-
ments were resolved by discussion, or with a third review author
(AV), to reach consensus.

2.3. Risk of bias assessment

Two review authors (YK, KV) independently assessed the risk of bias
using the Delphi list [19,20]. In case of discrepancy, discussion was used
to resolve any disagreement, or with a third review author (AV), to
reach consensus. The Delphi list consists of nine items. For the present
review we consider a study to have low risk bias when five or more
of the items are answered with “yes”; this is supported by empirical
evidence from the Cochrane Back Review Group [21].

2.4. Data extraction

Data extraction was first done by one review author (YK) using a
standardized form and checked by a second author (KV), independent-
ly.Whennecessary, a third author (AV) resolved discrepancies. Descrip-
tive data included study setting, country, selection criteria, population
characteristics, description of intervention(s), outcomes (pain, function,
quality of life, recovery and satisfaction) and follow-up. We extracted
the number of participants randomized, the number of patients includ-
ed in each analysis, and the means and standard deviations (SDs) of
follow-up measurements.

2.5. Data analysis

Short-term follow-up was defined as being closest to 3 months and
long-term follow-up as being closest to 12 months. Studies were ex-
cluded from analysis if they had insufficient data on means (or within-
group differences) and SDs and the original authors could not be
contacted. Pooling was done using a random effects model [22]. In
case only median scores could be extracted, the median value was
used as the mean and the SD was estimated from the interquartile

range. For continuous outcomes the standardized mean difference
(SMD) was calculated and a risk ratio (RR) for dichotomous outcomes
including the accompanying 95% confidence intervals (CI). A SMD of
0–0.2 was regarded as no effect, 0.2–0.5 as a small effect, 0.5–0.8 as a
moderate effect, and N0.8 as a large effect [23]. Results were considered
clinically relevant when the difference between groups was ≥15% [24].
Wherever possible, subgroup analyses were done (separately) for dif-
ferent musculoskeletal complaints, study settings, and/or imaging
methods (high technological imaging techniques like MRI/CT). Pooling
the effects of all trials was done when heterogeneity was low
(I2 ≤ 40%), otherwise only the subgroup analysis was reported. Sensitiv-
ity analysis was done excluding studies with a high risk of bias, in order
to control for biased results. A funnel plot evaluated publication
bias only if there were ≥10 trials for each effect estimate; otherwise,
the power of the tests would be too low to distinguish the chance
from real asymmetry [25]. All analyses were conducted in Review
Manager 5.2.

2.6. Strength of the evidence

The Grades of Recommendation, Assessment Development and
Evaluation (GRADE) was applied to assess the overall quality of the ev-
idence and strength of recommendations [26]. The quality of the evi-
dence for a specific outcome was downgraded by one level for each of
the factors that was encountered: 1) limitations due to study design
(N25% of the included studies with a high risk of bias), 2) inconsistency
of results [significant statistical heterogeneity (I2 N 40%) or inconsistent
findings between the studies (≤75% of the participants report findings
in the same direction)], 3) indirectness of evidence (factors affecting
the generalizability of results), 4) imprecision (total number of partici-
pants b300 for each outcome), and 5) other items (e.g. reporting/
publication bias, flawed design). The quality of evidence is considered
to be high when RCTs with low risk of bias provide consistent, general-
izable and precise results for a particular outcome [27]. Two review
authors (YK, AV) scored the levels of evidence. The following levels of
the quality of the evidence were applied:

• High quality: Further research is very unlikely to change the confi-
dence in the estimate of the effect.

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

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

• Very low quality: Great uncertainty about the estimate.

3. Results

3.1. Results of the search and description of studies

Searching the databases resulted in 13,167 references (Fig. A). After
screening on title and abstract, 32 references remained. Then, screening
the full-text article excluded 17 references, leaving 15 references for in-
clusion [11,14–16,28–38]. Three RCTs were published twice [15,28,
35–38] and one trial had three different publications [11,33,34]. Al-
though the DAMASK trial had 6 publications [14,39–43] only one [14]
met the inclusion criteria. One DAMASK publication [40] presented
the trial protocol and was used for the risk of bias assessment. One of
the articles [15] reported the results of two trials and was therefore
regarded as two separate trials.

Finally, 10 trials were included in the analysis and their characteris-
tics are presented in Table A.
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