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Abstract

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 procedures. 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 bibliographies. 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 musculoskeletal 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 medi-
cal 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 mod-
erate 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.

Keywords
diagnostic tests, musculoskeletal/connective tissue disorders, back pain, primary care, 
radiology.
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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 imag-
ing modalities 1. However, there has been a steady but debatable increase in the use of 
diagnostic imaging. 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 procedures may also lead to incidental findings, which can be found 
in both symptomatic and asymptomatic individuals 7, 8 indicating that diagnostic imaging 
findings may not always be responsible for the complaints experienced by the patient. 
The USA has experienced an larger number of spine surgeries due to an increase in the 
rate of spinal imaging 9 and others have reported increasing costs due to diagnostic 
imaging 10-12. On the other hand the advancements in medical imaging 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 muscu-
loskeletal disorders, of which two found significant results for the effect of imaging 14-16. 
Clinicians generally assume that reassurance must follow from a confident statement that 
no disease has been found. Nevertheless, negative test results are not always effective 
in reassuring patients 17. A recent systematic review of five RCTs concluded that there is 
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 of ways, it remains unclear whether there is sufficient evidence to show that 
patient outcomes improve due to diagnostic imaging 13, 18. Until now, no review has 
studied the effectiveness of diagnostic imaging for patients with musculoskeletal disorders 
other than low back pain, or has used the GRADE approach to determine the strength 
of the evidence. Therefore, this review aims to evaluate the role of immediate (after first 
consultation) diagnostic imaging procedures in patients with musculoskeletal disorders on 
patient-reported outcome measures (PROMs) using the GRADE approach.
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Methods

Selection criteria
RCTs were eligible when: 1) a diagnostic imaging procedure was compared with a 
control group not getting diagnostic imaging or not receiving results of imaging; 2) the 
population included individuals suffering 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.

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 disagreements were 
resolved by discussion, or with a third review author (AV), to reach consensus.

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.

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

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 excluded 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 

4 Erasmus Medical Center Rotterdam



estimated from the interquartile range. For continuous outcomes the standardized mean 
differences (SMD) was calculated and a risk ratio (RR) for dichotomous outcomes with 
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 >0.8 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 different musculoskeletal complaints, study setting, and/or imaging methods (high 
technological imaging techniques like MRI/CT). Pooling the effects of all trials was done 
when heterogeneity was low (I 2 ≤ 40%), otherwise only the subgroup analysis was 
reported. Sensitivity 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.

Strength of the evidence
The Grades of Recommendation, Assessment Development and Evaluation (GRADE) was 
applied to assess the overall quality of the evidence and strength of recommendations 26. 
The quality of the evidence for a specific outcome was downgraded by one level for 
each of the factors that was encountered: 1) limitations due to study design (>25% 
of the included studies with a high risk of bias), 2) inconsistency of results [significant 
statistical heterogeneity (I² >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 participants <300 
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, generalizable 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 confidence 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.
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Results

Results of the search and description of studies
Searching the databases resulted in 13,167 references (Figure A). After screening on 
title and abstract, 32 references remained. Then, screening the full-text article excluded 
17 references, leaving 15 references for inclusion 11, 14-16, 28-38. Three RCTs were pub-
lished twice 15, 28, 35-38 and one trial had three different publications 11, 33, 34. Although 
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 characteristics are presented 
in Table A.

Population
The 11 trials included a total of 2,777 patients (ranging from 50-782 patients per 
trial); mean age ranged from 28-52 years. Seven trials included a population with 
acute or subacute low back pain 28-33, 35 and four trials included patients with knee 
complaints 14-16. One low back pain study did not report measures of variability and was 
not pooled in the analysis 30.

Figure A. Flow diagram
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Seven trials were performed in the UK 14-16, 32, 33, 35, three in the USA 28-30 and one in 
Indonesia 31. The study setting was either primary 14, 28, 29, 32, 33, 35 or secondary health 
care 15, 16, 30, 31. Four trials specified the duration of complaints in their inclusion criteria; 
this ranged from ≤ 1 week to 12 weeks 11, 16, 28, 31.

Interventions
Six trials used MRI as the diagnostic imaging procedure 14-16, 28, 29, one of these used 
either CT or MRI 32 and four trials used radiography 30, 31, 33, 35. Five trials compared 
immediate or early imaging with usual care 16, 30-33. Four had a control group that could 
receive imaging based on the usual care trajectory, and two of these trials reported a 
waiting time for imaging ranging from 29 days 15 to 12 weeks 14. One trial provided 
MRI results to the intervention group within 48 h while the control group was blinded to 
the MRI results 28. Two trials 15 compared arthroscopy with MRI and arthroscopy alone 
and in one trial 29 all patients received an epidural steroid injection either based on 
history and physical examination, or on clinical findings and imaging results.

Five trials 14, 30, 32, 33, 35 reported the percentage of patients receiving imaging in the 
control group (ranging from 2-30%) as part of usual care.

Outcome measures
All trials assessed both pain and function (Table 1). Five trials examined pain with the 
Bodily Pain score of the Short Form 36 (SF-36). Four trials reported pain with a visual 
analogue scale (VAS) or the numerical rating scale (NRS) and another trial rated pain 
on a six-point scale. To assess function, both generic and disease-specific measurement 
instruments were used. Disease-specific measurement instruments were the Roland Dis-
ability Index, the Aberdeen Low Back Pain Score, the Oswestery Disability Index, the 
Lysholm score, and the Knee Quality of Life Questionnaire.

Two trials reported median scores and interquartile ranges 31, 33. For pain and function, 
all outcome measures were continuous. In five trials overall improvement was measured 
as dichotomous. Two of these five trials reported satisfaction on an ordinal scale and 
two on a continuous scale, of which one had a 78% dropout rate on this outcome and 
was excluded from the analysis (fatal flaw) 33. Only the results for dichotomous outcomes 
were pooled.

For two trials we contacted the authors for additional information. For one 33 of these 
trials we received information from the author about a systematic review including this 
trial 13, 33. Another trial did not report data to impute SDs 30; unfortunately, we did not 
receive any response from these authors. Because one article 15 only reported data in 
figures, the data were estimated from these figures.
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Risk of bias assessment
Six trials (55%) were considered to have low risk of bias 14, 15, 28, 29, 33. Overall, risk of 
bias was threatened by the inability to blind patients (n=10), care providers (n=11) or 
outcome assessors (n=10), and by the absence of an intention-to-treat analysis (n=8). 
Concealment of randomization was not adequately reported in three trials. The results of 
the risk of bias assessment are presented in (supplementary material).

Effects of imaging
All effects estimates are described in the summary of findings (Table B). GRADE scoring 
is reported for short and long-term follow-up and (separately) for low back pain and knee 
studies. Only subgroup results are reported when heterogeneity was high for the overall 
effect estimate.

Pain. Figure B.1-2. shows the improvement in pain on short and long-term follow-up.
Pooling the studies with low back pain patients resulted in a significant effect in favor of 
no imaging on the short [SMD 0.17 (95%CI: 0.04-0.31)] and long term [SMD 0.13 
(95%CI: 0.02-0.24)] but the effect size was below 0.2, while the trials with patients with 
knee complaints found no difference on the long term [SMD 0.02 (95%CI: -0.14-0.18)]. 
In the short-term analysis only one study with knee complaints had available results on 
pain; these results indicated a non-significant effect in favor of imaging (Figure B.1). 
Heterogeneity was small (I 2=39%) at short-term follow-up and not present at long-term 
follow-up. When all trials were pooled, no significant and clinically relevant differences 
were found on the short term [SMD 0.10 (95%CI: -0.08-0.29)]. On long-term follow-up 
data showed borderline significant results in favor of no imaging [SMD 0.09 (95%CI: 
0.00-0.18)] but the effect size remained below 0.2.

In the short-term analysis there were four studies and in the long-term analysis five studies 
with a primary care population. Effects sizes for both the short term [SMD 0.15 (95%CI: 
0.01-0.30)] and long term [SMD 0.11 (95%CI: 0.01-0.20)] resulted in borderline 
significant effects in favor of no imaging but the effect size was below 0.20.

Pooling only the trials using radiography (n=3) as imaging method resulted in a 
significant effect in favor of no imaging but a SMD below 0.2 [SMD 0.15 (95%CI: 
0.03-0.26)], whereas pooling the trials with MRI (n=8) found no difference [SMD 0.07 
(95%CI: -0.05-0.18)] (data not shown).

Overall, we found moderate level of evidence (downgraded based on limitations in 
study design) for a small clinically irrelevant effect on pain in favor of no imaging on the 
long term, especially for the low back pain trials and trials using radiography.

Routine imaging in musculoskeletal complaints 11
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Function. Figure C.1-4. shows the improvement in function measured with generic and 
specific measurement instruments for short and long-term follow-up.
Heterogeneity was present at short-term outcome (I 2=55%) and small for long-term out-
come. Subgroup analysis for patients with low back pain had non-significant differences 
at short term [SMD -.021 (95%CI: -0.55-012)] and long term [SMD 0.10 (95%CI: 
-0.03-0.23)]. Trials with knee complaints were only available for the long-term results 
and showed a non-significant effect in favor of imaging [SMD -0.07 (95%CI: -0.44-
0.31)]. The overall effect estimate for knee and low back pain studies combined at long 
term found no effects and were not significant [SMD 0.08 (95%CI: -0.05-0.20)].

Figure B.1.  

Pain intensity short-term 

 
Figure B.2. 

Pain intensity long-term 

 
Figure B1-2.  

Pain intensity short-term & long-term 
 

 

Figure B. Pain intensity long-term and short-term
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In the short-term analysis there were two studies and in the long-term analysis four 
studies with a primary care population. Effects sizes for the short term [SMD -0.12 
(95%CI: -0.49-0.25)] were not significant. Long-term analysis resulted in a small bor-
derline significant effect [SMD 0.13 (95%CI: 0.02-0.24)] in favor of no imaging but a 
SMD below 0.2.

Excluding the only trial using radiography as a method of imaging resulted in a non-
significant effect estimate in the MRI subgroup [SMD -0.08 (95%CI: -0.27-0.11)] (data 
not shown).

We found low level evidence (downgraded based on limitations in study design and 
inconsistency) that there is no difference on the short term and moderate level of evidence 
(downgraded based on study design and inconsistency) on the long term for function 
measured with generic measurement instruments.

Figure C3-4 shows improvement in function with disease-specific instruments. Hetero-
geneity was very small for the short term (I 2=16%) because no trials with knee complaints 
were available. Substantial heterogeneity was present at long-term follow-up (I 2=70%). 
Both outcome measures are reported per subgroup. Subgroup analysis for low back 
pain trials resulted in a non-significant effect on the short term [SMD 0.11 (95%CI: 
-0.04-0.27)] and long term [SMD 0.01 (95%CI: -0.23-0.25)].

The short-term analysis included four studies with a primary care population; pooling 
these studies did not significantly alter the effect size [SMD 0.09 (95%CI: -0.06-0.23)]. 
All studies in the long-term analysis were primary care populations.

Pooling studies with knee complaints resulted in a non-significant effect [SMD 0.04 
(95% CI -0.38; 0.45)].

No differences were found [SMD 0.01 (95%CI: -0.19-0.21)] when analysing trials us-
ing MRI (n=6). Pooling trials using radiography (n=3) resulted in a borderline significant 
difference [SMD 0.13 (95%CI: -0.00-0.25)] in favor of the no imaging group (data not 
shown) but the SMD was below 0.2. Separate analyses for primary care studies were 
not possible because of the small number of available studies.

We found moderate level of evidence (downgraded based on limitations in study 
design) for no differences between both groups at short-term follow-up for patients with 
low back pain, and low level of evidence (downgraded based on limitations in study 
design and inconsistency) that there is no difference between imaging and no imag-
ing for disease-specific function at long-term follow-up, irrespective of the subgroups. 
Subgroup analysis found a small borderline significant effect in favor of the no imaging 
group in trials using radiography.

Satisfaction. Moderate heterogeneity was present (I 2=44%). Because of the limited 
number of trials the short and long-term results were combined (data not shown). Overall, 
we found a low level of evidence for no differences (downgraded based on limitations 
in study design and inconsistency) between the groups [RR 1.03 (95%CI: 0.85-1.24)].
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Figure C.1.  

Function measured with generic instruments short-term 

 
Figure C.2. 

Function measured with generic instruments long-term 

 
 Figure C.3.  

Function measured with disease specific instruments short-term 

 
Figure C.4.  

Function measured with diseases specific instruments long-term 

Figure C. Function short-term & long-term
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Quality of Life. Figure D shows the results of ‘quality of life’ for the short and long-term 
follow-up. 
Substantial heterogeneity was present at short-term (I 2=86%) but not at long-term follow-
up (figure D). For the short-term pooled effect estimate, only two low back pain studies 
were available [SMD -0.07 (95%CI: -0.83-0.68)]. Subgroup analysis for the long-term 
effect resulted in slightly different non-significant effects between knee [SMD 0.18 
(95%CI: -0.18-0.54)] and low back pain studies [SMD -0.03 (95%CI: -0.14-0.09)]. 
The overall effect at the long term showed no difference for knee and low back pain 
studies combined [SMD 0.01 (95%CI: -0.10-0.12)]. Pooling the studies performed in 
primary care did not significantly alter the effect size [SMD -0.03 (95%CI: -0.14-0.09)].
Overall, low level of evidence (downgraded because of limitations in study design and 
inconsistency) was found for no difference concerning quality of life for patients with knee 
pain and with low back pain at short-term follow-up and moderate level of evidence at 
long-term follow-up.

Overall improvement. Figure E shows the results of ‘overall improvement’.
Short and long-term results were combined due to the limited number of trials reporting 
overall improvement. No studies with knee pain presented results for overall improve-
ment. Heterogeneity was not present. Overall improvement showed a significant but 
clinically irrelevant result in favor of the no imaging group (RR 1.15, 95%CI: 1.03-1.28). 
Sensitivity analysis showed that excluding two trials 30, 31 with high risk of bias did not 
change the results (RR 1.13, 95%CI: 1.01-1.27).

Four studies were performed in primary care; pooling these studies did not alter the 
results (RR 1.15, 95%CI: 1.03-1.28).

 
Figure C.1-4.  

Function short-term & long-term 

Figure C. Function short-term & long-term (continued)
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We found a moderate level of evidence (downgraded because of limitations in study 
design) for a small effect in favor of no imaging concerning overall improvement for 
patients with low back pain.

Figure D.1. 

Quality of Life short-term 

 
 Figure D.2.  

Quality of life long-term 

 
Figure D1-2.  

Quality of Life short-term & long-term 
 

Figure D. Quality of life short- & long-term

 
Figure E.  

Overall improvement long term 
   

 

Figure E. Overall improvement long term

18 Erasmus Medical Center Rotterdam



Discussion

Overall, our results showed that early imaging strategies do not improve patient-reported 
outcomes (PROMs) in patients with low back pain or knee complaints. Small differences 
were found between these subgroups in pain, function and quality of life, in which the 
low back pain subgroup usually had larger effect sizes in favor of “no imaging”. Notably, 
more trials concerning low back pain were available. Subgroup analysis in low back 
pain patients led to small significant effect in favor of no routine imaging. The majority of 
imaging tests used in low back pain show an absence of abnormality; however, this may 
not reassure patients and can lead to possible negative effects of imaging.

Strengths and limitations
An important strength of the present review is the sensitive search strategy applied to 
reduce the chance of missing relevant studies and thereby reducing publication bias. 
In a search strategy, defining ‘diagnostic imaging’ as the intervention appeared to be 
somewhat difficult. However, because of the sensitive search strategy (including all pos-
sible synonyms) it is unlikely that relevant trials were missed.

We aimed to include patients with all kinds of musculoskeletal disorders, acute as well 
as subacute, or chronic complaints. Subgroup analysis was possible for patients with 
knee or low back pain, and no significant differences between these subgroups were 
found (except for pain). The populations with knee complaints were mostly traumatic or 
acute knee complaints, probably having a different clinical course than that of low back 
pain; this might explain the differences found regarding pain. Subgroup analysis for 
primary care studies did not alter the results.

Another source of heterogeneity could arise from the different types of imaging mo-
dalities used in the trials. Subgroup analysis showed a significant difference between 
imaging modalities for radiography on pain and ‘borderline’ significant difference on 
function measured with disease-specific instruments; however, this might be based on 
chance and here no differences between knee and low back pain were made.

Overall, 45% of the trials scored high risk of bias. Differences in study design could 
have caused heterogeneity. Only one trial 29 was able to blind their patients for the 
allocated intervention. Given the nature of the intervention and the clinical setting of most 
of the trials, blinding of patients was difficult and might have caused some bias 49, 50.

Standardization of treatment after imaging was underreported and could clearly ac-
count for bias in the study results. All studies reported that some sort of treatment was 
provided after imaging. Treatment might have influenced the outcome of interest by 
increasing or decreasing the contrast between the groups. Two trials 14, 15 even reported 
having arthroscopy of the knee after imaging, and another study 29 used imaging in 
the experimental group who received an epidural steroid injection, thereby biasing the 
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effect of imaging on the outcome. Although these co-interventions will affect outcome, 
the effect of imaging is to influence treatment decisions such as these. In the future, these 
treatment decisions will differ between intervention and control groups. Furthermore, 
usual care was hardly described and might differ between different countries. In several 
trials the control group could also receive diagnostic imaging as part of usual care, 
thereby decreasing the contrast between the intervention and control treatment. Although 
including trials performed in a clinical setting can increase generalizability, it can also 
affect the validity and reliability of the results.

Because all trials used valid PROMs, pooling of results was possible. Disease-specific 
and generic measurement instruments for function were pooled separately. Generic instru-
ments tended to be in favor of imaging at short term, while the results generated by the 
disease-specific instruments tended to find no differences. In contrast, disease-specific 
instruments might be more responsive compared to generic instruments, or the results 
might be attributed to measurement error 51, 52. All outcome measures were patient re-
ported outcome measures. Whether treatment regime changed due to the “intervention” 
is unknown.

The fact that all trials excluded patients suspected of having a serious underlying 
condition shows the effect for diagnostic imaging in patients were its still uncertain 
whether it may have a favorable effect. All trials, but one 18 (who excluded one patient 
with malignancy), did not report finding any serious underlying conditions.

In clinical trials the patient population is selected using strict selection criteria, which 
also hampers generalizability of the results. In the present review, caution is needed 
when drawing conclusions because of the small number of studies in the subgroup 
analysis, the considerable amount of risk of bias, and the diversity of the study settings.

Comparison with existing literature
Results from our review are comparable with those from an earlier review 13, although 
we found a clearer tendency towards benefit of no imaging for low back pain patients. 
Another review 18 studied the effect of diagnostic imaging on reassurance, and included 
five trials with populations also having chest pain or headache. The latter review included 
two trials with musculoskeletal complaints, which were also included in our review.

Implications
In patients with a musculoskeletal disorder, imaging did not lead to better PROMs. On 
the contrary, some results showed a tendency towards better outcomes after no routine 
imaging. Other factors, like exposure to radiation, increasing costs, and use of unneces-
sary invasive procedures, might also influence the clinical benefit for patients.

Imaging has its place in health care where serious conditions are suspected or when 
surgery is considered. The natural history of low back pain is benign, as 90% of patients 
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recover within 6 weeks, and resolves with little intervention without knowing the anatomic 
diagnosis 53. In the first 6 weeks diagnostic imaging should be used in the presence 
of red flags (smoking, age, history of cancer, diabetes, drug abuse, chronic NSAID, 
unnatural course of pain, night pain or symptoms of cauda iquina) 54, 55. Patient with 
complaints longer than 6 weeks, diagnostic imaging does not necessarily disclose clear 
pathologic diagnoses 56. Degenerative findings are common and whether these findings 
can attribute to the complaints remains unknown. It seems that the results might be limited 
by our current inability to understand this complex multifactorial condition and future 
research should focus on the ability to diagnose the condition.

Patients with knee complaints reported 25% recovery after 3 months and 44% after 
12 months in primary care 57. Urgent referral to a specialist is necessary when there are 
signs of fracture, acute locked knee or severe pain after patella dislocation at the initial 
consultation that is likely to be attributed to a trauma 58. Several clinical decision rules are 
validated that identify patients with a high risk of fracture 59-61. Diagnostic imaging can 
also be helpful in establishing the correct diagnosis in non-traumatic knee complaints. In 
order to prevent excessive imaging, especially the number of images without pathology, 
patients should be managed conservatively and imaging should be considered when 
patients show no improvement 58. According to the America College of Radiography 
the initial imaging study for non-traumatic knee pain should be radiography 62. MRI is 
needed to further examine intra-articular abnormalities (lesions of ligaments, tendons, 
bone, cartilage and menisci) 63-65.

Future research should focus on trials with low risk of bias, paying special attention to 
standardization and blinding of trial participants. Also, future trials should try to ‘prevent’ 
patients in the usual care group from receiving any type of imaging. Furthermore, report-
ing the effect of clinical decisions (e.g. the number of patients having surgery or therapy) 
in the long term is required to study the clinical impact of imaging.

Conclusions

Routine diagnostic imaging in patients with low back pain or knee complaints did 
not change the outcome for pain, function, quality of life, recovery nor satisfaction. In 
patients with low back pain routine imaging may even cause some harm. Our results 
indicate that it is unlikely that use of routine diagnostic imaging in all patients leads to 
better patient-reported outcome measures. Imaging has its place in health care where 
serious conditions are suspected or when surgery is considered. Diagnostic imaging can 
be considered in patients with low back pain to rule out a serious underlying condition 
in the presence of red flags and in subactute/chronic low back pain patients who show 
no improvement. Clinical decision rules should be used by clinicians in patients with 
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traumatic knee complaints. In non-traumatic knee complaints diagnostic imaging should 
be used if conservative treatment fails.

Caution is required when drawing conclusions, due to the small number of studies with 
heterogeneity in patient populations and the presence of risk of bias in a considerable 
percentage of the studies.

Learning points
Evidence from trials comparing routine diagnostic imaging with usual care or no imaging 
has yielded conflicting results.

Results from this review show small significant effects on pain and overall improvement, 
especially for patients with low back pain, not in favour of imaging. No different effects 
after receiving diagnostic imaging were found among patients with knee pain.
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Appendix 1. Search strategy
Pubmed and Medline Mesh terms 
(“Back Pain”[Mesh] OR Back Pain*[tiab] OR Back ache*[tiab] OR Backache*[tiab] OR “Rheumatic 
Disease”[Mesh] OR Rheumatic Disease*[tiab] OR Rheumat*[tiab] OR Enthesopath*[tiab] OR Osteoarthrit*[tiab] 
OR “Neck Pain”[Mesh] OR Neck Pain*[tiab] OR Neck ache*[tiab] OR Neckache*[tiab] OR Cervicalgia*[tiab] 
OR Cervical Pain*[tiab] OR “Shoulder pain”[Mesh] OR Shoulder pain*[tiab] OR “wrist injuries”[Mesh] OR 
wrist injur*[tiab] OR “hip injuries”[Mesh] OR Hip injury[tiab] OR “Patellofemoral Pain Syndrome”[Mesh] OR 
Patellofemoral Pain*[tiab] OR knee Pain*[tiab] OR “Knee injuries”[Mesh] OR Knee injur*[tiab] OR cruciate 
ligament tear*[tiab] OR Meniscus[tiab] OR “Foot injuries”[Mesh] OR Foot injur*[tiab] OR Achillis tendon[tiab] 
OR plantar fasciitis[tiab] OR musculoskeletal complaint*[tiab] OR musculoskeletal pain*[tiab] OR skeletal 
complaint*[tiab] OR skeletal pain*[tiab] OR muscular complaint*[tiab] OR muscular pain*[tiab] OR muscle 
complaint*[tiab] OR muscle pain*[tiab] OR muscles complaint*[tiab] OR muscles pain*[tiab])

AND
(“Diagnostic Imaging”[mh] OR Diagnostic test*[tiab] OR mri[tiab] OR radiograph*[tiab] OR imaging*[tiab] OR 
Tomogra*[tiab] OR CT OR Ultrasonogra*[tiab] OR sonogra*[tiab]) 

AND
(randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomized[tiab] OR placebo[tiab] OR 
randomly[tiab] OR trial[tiab] OR groups[tiab]) NOT (animals[mh] NOT humans[mh])
Embase Emtree terms
(‘musculoskeletal chest pain’/de OR ‘musculoskeletal injury’/exp OR ‘musculoskeletal pain’/de OR 
‘musculoskeletal disease’/exp OR ‘musculoskeletal stiffness’/exp OR myalgia/exp OR ‘wrist pain’/de OR 
‘wrist injury’/de OR ‘elbow injury’/de OR ‘shoulder pain’/de OR ‘shoulder injury’/de OR ‘neck pain’/de OR 
‘neck injury’/exp OR ‘cervical spine injury’/de OR ‘spine injury’/de OR ‘low back pain’/de OR ‘hip injury’/
de OR ‘hip pain’/de OR ‘knee injury’/exp OR ‘knee pain’/de OR ‘ankle injury’/exp OR ‘ankle pain’/de OR 
‘patellofemoral pain syndrome’/de OR osteoarthritis/exp OR ‘foot injury’/exp OR ‘plantar fasciitis’/de OR 
(((musculoskelet* OR skelet* OR muscular* OR muscle* OR wrist* OR elbow* OR shoulder* OR neck OR spine 
OR ‘low back’ OR ‘lower back’ OR lowback OR lumbar OR lumbal OR lumbosacral OR hip OR hips OR knee* 
OR ankle* OR loin OR cervical OR patellofemor* OR lumbosacroiliac OR ligament* OR foot OR feet) NEAR/3 
(pain* OR ache* OR complaint* OR injur* OR syndrome* OR disorder* OR symptom* OR strain* OR 
rupture* OR menisc* OR achilles OR tendon* OR lesion* OR tear* OR failure*)) OR myalgia* OR neckache* 
OR cervicalgia* OR lumbago OR lumbagalg* OR lumbodynia* OR osteoarthr* OR arthritis OR arthrosis OR 
‘degenerative joint disease’ OR ‘osteo arthritis’ OR ‘plantar fasciitis’):ab,ti)

AND
							       (‘imaging and display’/de OR ‘diagnostic imaging’/de OR thermography/
de OR spectroscopy/exp OR scintigraphy/exp OR radiography/exp OR ‘computer assisted tomography’/
exp OR ‘nuclear magnetic resonance imaging’/exp OR ultrasound/de OR echography/exp OR myelography/
de OR thermography/de OR (imaging OR radioimaging OR thermogra* OR spectroscop* OR scintigra* OR 
laminoscintigra* OR scintillation* OR scintillogra* OR scintiphotogra* OR radiogra* OR electroradiogra* OR 
pneumoradiogra* OR radiophotogra* OR roentgen* OR rontgen* OR x-ray OR xray OR tomogram* OR ((cat 
OR ct) NEXT/1 scan*) OR mri OR nmri OR NMR OR ultraso* OR ‘ultra sound’ OR echogram* OR echoscop* 
OR echosound OR sonogram* OR ultrasonogram* OR myelogra* OR medullogra* OR thermogra* OR 
thermoscan* OR infrared OR ‘ophthalmo diaphanoscopy’ OR transillumination):ab,ti)

AND
						      ((random* OR factorial* OR crossover* OR (cross NEXT/1 over*) OR placebo* OR 
((doubl* OR singl*) NEXT/1 blind*) OR assign* OR allocat* OR volunteer*):ab,ti OR ‘crossover procedure’/
de OR ‘double-blind procedure’/de OR ‘randomized controlled trial’/de OR ‘single-blind procedure’/de) NOT 
([animals]/lim NOT [humans]/lim)

AND
						      (‘disease course’/exp OR ‘therapy effect’/de OR ‘pain assessment’/de  OR 
reassurance/de OR ‘daily life activity’/de OR ‘ADL disability’/exp OR ‘patient satisfaction’/de OR 
‘psychological aspect’/de OR anxiety/de OR ‘cost effectiveness analysis’/de OR (convalescen* OR recover* 
OR deteriorate* OR ‘disease course’ OR prognis* OR relapse* OR (therap* NEAR/3 effect*) OR (pain 
NEAR/3 (assess* OR measure* OR score*)) OR reassur* OR (daily NEAR/3 (activit* OR function*)) OR ADL 
OR satisf* OR psycholog* OR anxiety*):ab,ti)
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Appendix 2. PRISMA checklist

Section/topic # Checklist item Reported 
on page #

Title

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

Abstract

Structured summary 2 Provide a structured summary including, as applicable: 
background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis 
methods; results; limitations; conclusions and implications of key 
findings; systematic review registration number.

2

Introduction

Rationale 3 Describe the rationale for the review in the context of what is 
already known.

3

Objectives 4 Provide an explicit statement of questions being addressed with 
reference to participants, interventions, comparisons, outcomes, 
and study design (PICOS).

3

Methods

Protocol and 
registration

5 Indicate if a review protocol exists, if and where it can be 
accessed (e.g., Web address), and, if available, provide 
registration information including registration number.

NA

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) 
and report characteristics (e.g., years considered, language, 
publication status) used as criteria for eligibility, giving rationale.

4, 16-17

Information sources 7 Describe all information sources (e.g., databases with dates of 
coverage, contact with study authors to identify additional studies) 
in the search and date last searched.

4

Search 8 Present full electronic search strategy for at least one database, 
including any limits used, such that it could be repeated.

4

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, 
included in systematic review, and, if applicable, included in the 
meta-analysis).

4

Data collection process 10 Describe method of data extraction from reports (e.g., piloted 
forms, independently, in duplicate) and any processes for obtaining 
and confirming data from investigators.

4

Data items 11 List and define all variables for which data were sought (e.g., 
PICOS, funding sources) and any assumptions and simplifications 
made.

4

Risk of bias in 
individual studies

12 Describe methods used for assessing risk of bias of individual 
studies (including specification of whether this was done at the 
study or outcome level), and how this information is to be used in 
any data synthesis.

4

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in 
means).

4-5

Synthesis of results 14 Describe the methods of handling data and combining results of 
studies, if done, including measures of consistency (e.g., I2) for 
each meta-analysis.

4-5
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Section/topic # Checklist item Reported 
on page #

Risk of bias across 
studies

15 Specify any assessment of risk of bias that may affect the 
cumulative evidence (e.g., publication bias, selective reporting 
within studies).

5

Additional analysis 16 Describe methods of additional analyses (e.g., sensitivity or 
subgroup analyses, meta-regression), if done, indicating which 
were pre-specified.

5

Results

Study selection 17 Give numbers of studies screened, assessed for eligibility, and 
included in the review, with reasons for exclusions at each stage, 
ideally with a flow diagram.

6

Study characteristics 18 For each study, present characteristics for which data were 
extracted (e.g., study size, PICOS, follow-up period) and provide 
the citations.

6

Risk of bias within 
studies

19 Present data on risk of bias of each study and, if available, any 
outcome level assessment (see item 12).

App 3

Results of individual 
studies

20 For all outcomes considered (benefits or harms), present, for each 
study: (a) simple summary data for each intervention group (b) 
effect estimates and confidence intervals, ideally with a forest plot.

7-11

Synthesis of results 21 Present results of each meta-analysis done, including confidence 
intervals and measures of consistency.

7-11

Risk of bias across 
studies

22 Present results of any assessment of risk of bias across studies (see 
Item 15).

7-11

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or 
subgroup analyses, meta-regression [see Item 16]).

7-11

Discussion

Summary of evidence 24 Summarize the main findings including the strength of evidence for 
each main outcome; consider their relevance to key groups (e.g., 
healthcare providers, users, and policy makers).

7-11

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), 
and at review-level (e.g., incomplete retrieval of identified research, 
reporting bias).

11-13

Conclusions 26 Provide a general interpretation of the results in the context of other 
evidence, and implications for future research.

13

Funding

Funding 27 Describe sources of funding for the systematic review and other 
support (e.g., supply of data); role of funders for the
systematic review.

14

NA Not applicable, Fig Figure, App Appendix, p page
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