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GeNeRAL INTRoduCTIoN

Knee complaints in general practice

General Practitioners (GPs) are often consulted by patients with knee complaints. Within the field 
of musculoskeletal disorders, knee complaints are after low back pain the second most frequent 
reason for consulting the GP.1 The incidence and prevalence of knee complaints in the Nether-
lands in general practice are estimated at 20 and 30 per 1000 persons per year respectively.1 The 
cause of the knee complaints can be non-traumatic or traumatic. Traumatic knee complaints are 
knee complaints due to a trauma of the knee or are at least of a sudden onset, and therefore 
likely to be traumatic. A trauma of the knee most frequently occurs during sports and the most 
frequently seen mechanism of the trauma is a rotation of the knee.2 Structural abnormalities 
seen after a trauma of the knee are: a bone bruise, fracture, and/or soft tissue injuries such 
as lesions of menisci, cruciate ligaments, collateral ligaments and muscles.3-5 The incidence and 
prevalence of traumatic knee complaints in the Netherlands in general practice are estimated at 
5.3 and 6.8 per 1000 persons per year respectively.1 Traumatic knee complaints have a substantial 
impact on functional disability in daily living and sports participation, as well as healthcare and 
non-healthcare costs.

Treatment of traumatic knee complaints

Recommendations for diagnosis and management of patients with traumatic knee complaints 
presenting in primary care in the Netherlands are described in the clinical guideline ‘traumatic 
knee complaints’ issued by the Dutch College of General Practitioners in 2010.3 At GPs’ initial 
consult an urgent referral to a medical specialist is needed when there are signs of a fracture, an 
acute locked knee or severe complaints after patella dislocation.3 If not, patients are managed 
conservatively which comprises information about the course of the knee complaints and the 
advice to load the knee within the pain threshold. If indicated, medication for pain reduction 
is described and/or patients are referred to physiotherapy. In case of persistent limitations or 
instability of the knee in function of daily living, sports or during work, the GP can refer the pa-
tient to an orthopaedic surgeon. The results of an observational cohort showed that at one year 
follow-up 57% of the patients with traumatic knee complaints in the Netherlands consulted their 
GP more than once, about one third was referred to physiotherapy and 21% were referred to 
an orthopaedic surgeon.2 The orthopaedic surgeon may decide to perform radiographic imaging 
or magnetic resonance (MR) imaging of the knee, and subsequently continue the wait-and-see 
policy. Alternatively, depending on the state and/or duration of symptoms, arthroscopic surgery 
may be performed.6,7

Magnetic Resonance Imaging

For GPs diagnosing other knee injuries than fracture or locked knee is very difficult.8-11 An MR scan 
of the knee enables the GP to establish a more specific diagnosis or to exclude other diagnoses 
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with more certainty than with history taking and physical examination. The knowledge of the 
presence or absence of structural abnormalities seen on the MR scan is used for deciding on 
subsequent treatment and referral for patients with traumatic knee complaints. MR imaging is a 
powerful diagnostic tool used in secondary care for detecting lesions of ligaments, tendons, bone, 
cartilage and menisci.5,12,13 For anterior cruciate ligament (ACL) tears, MR imaging has a sensitivity 
of 87% and a specificity of 93%; for medial meniscal tears this is 89% and 88%, respectively; and 
for lateral meniscal tears this is 78% and 98%, respectively in patients with suspected ACL and/or 
meniscal tears.14 In addition, MR imaging in secondary care decreases the number of diagnostic 
arthroscopies.15,16

Direct referral to MR imaging might be a valuable tool for GPs in making appropriate and 
informed decisions. A previous randomised controlled trial showed that MR scan referral by the 
GP prior to a provisional orthopaedic appointment yielded significant benefits in patients’ knee 
related quality of life when compared with direct referral to an orthopaedic surgeon.17 However, 
the selection of patients with suspected internal derangement of the knee for whom their GP 
was considering referral to an orthopaedic specialist in secondary care complicated the generalis-
ability of that study. Also, no difference between the groups for changes in diagnosis or treatment 
plans was found in these patients.18 Therefore, MR imaging after referral by the GP is not recom-
mended in the Dutch clinical guideline ‘traumatic knee complaints’ for GPs.3

However, it remains unclear if MR imaging after referral by the GP in a more early stage (if there 
is no orthopaedic appointment yet) is (cost)effective when compared to a wait-and-see policy 
in general practice (without an MR scan). In this stage, negative MR findings may enable GPs to 
reassure patients, treat them conservatively and avoid unnecessary orthopaedic referrals and 
positive MR findings could confirm the GPs’ diagnoses and the decision either to advice conserva-
tive treatment or to refer to an orthopaedic surgeon in a more early stage. On the other hand, 
MR imaging of the knee in general practice may lead to incidental asymptomatic findings, with 
subsequent unnecessary healthcare costs as well as worried patients.

Aim of this thesis

The diagnostic value and cost-effectiveness of direct access by the GP to knee MR imaging is 
unknown. Whether MR imaging of the knee should enter the diagnostic pathway in primary care 
through direct access by the GP, depends on whether it improves patient outcome, reduces costs 
and affects subsequent diagnosis and management. Therefore, the primary aims of this thesis 
were to describe over a period of 1-year follow-up:
- whether MR imaging referral by the GP is non-inferior compared to usual care in patients with 

persistent traumatic knee complaints regarding self-reported knee related daily function, and
- whether MR imaging referral by the GP is cost-effective compared to usual care in patients 

with persistent traumatic knee complaints.
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ABSTRACT

Background: In general practice the use of magnetic resonance imaging (MRI) is advocated in 
diagnosing traumatic knee complaints. However, MRI is not recommended by the Dutch college 
of General Practitioners (GPs). The aim of this study was to examine the frequency of knee MRI 
referral by the GP in patients with traumatic knee complaints in 2011, 2012 and 2013.

Methods: This was a cohort study with data originating from the Integrated Primary Care In-
formation (IPCI) database, a longitudinal database of electronic medical records of GPs in The 
Netherlands. Included were patients aged 18 to 45 years, diagnosed with knee complaints due 
to a trauma. Excluded were patients with a chronic internal knee trauma in the past or with 
known osteoarthritis of the knee, patients who visited the emergency department for current 
knee complaints, and patients in whom the knee trauma was more than six months ago. The 
main outcome was the referral for knee MRI by the GP, secondary outcomes were referral to 
physiotherapy or an orthopaedic surgeon.

Results: In total, 303, 300 and 187 patients with traumatic knee complaints were included in 
2011, 2012 and 2013 respectively. In 2011 50 (17%) of these patients were referred to an MRI, in 
2012 35 (12%) and in 2013 18 (10%). Of the patients with traumatic knee complaints about one 
fifth was referred to a physiotherapist and one third to an orthopaedic surgeon.

Conclusions: From 2011 until 2013, yearly 10 to 17% of the patients with traumatic knee com-
plaints were referred to an MRI by their GP.
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INTRoduCTIoN

Knee complaints are a common musculoskeletal disorder seen by a general practitioner (GP). The 
incidence and prevalence of knee complaints in the Dutch general practice are respectively 20 and 
30 per 1000 person/years.1 Some of these knee complaints have a traumatic cause. The incidence 
of knee complaints due to trauma (excluding fracture) in the Netherlands is estimated at 5.3 per 
1000 person/years and the prevalence is 6.8 per 1000 persons in general practice.1 For a GP, the 
exact diagnosis in patients with a traumatic knee complaints can be complicated.2-5 A diagnostic 
dilemma might be one of the reasons for a GP to refer patients with traumatic knee complaints 
for magnetic resonance imaging (MRI). However, there is some debate about the additional value 
of MRI in primary care in these patients. The guideline for traumatic knee complaints from the 
Dutch college of General Practitioners does not recommend MRI referral by the GP because 
of lack of evidence of its benefit for the patient.6 Recently published studies provide evidence 
that routine MRI referral by the GP in patients with traumatic knee complaint did not improve 
clinical outcomes and was not cost-effective compared to usual care.7,8 In contrast, earlier studies 
showed that MRI prior to an orthopaedic appointment compared with referral to an orthopaedic 
specialist without prior MRI did reduce medical costs and improve knee function.9-11 At present 
it is unclear how often GP’s request MRI in patients with a traumatic knee complaint. Therefore 
the aim of this study was to identify the proportion of MRI’s requested by the GP in patients 
aged between 18 and 45 years presenting with traumatic knee complaints in general practice. In 
addition, the medical consumption e.g. referral to physiotherapy or an orthopaedic surgeon was 
assessed.

MeThodS

Study design and data source

This cohort study used data from the Integrated Primary Care Information (IPCI) database, a 
longitudinal database of electronic medical records from Dutch GPs. Currently, about 1,500,000 
patients are followed from over 600 participating GP’s in the Netherlands.12 Demographic informa-
tion and the medical history of the patient (symptoms, diagnoses, referrals, laboratory findings, 
hospitalization) are included in the IPCI database.13 The study was approved by the Governance 
Board of the IPCI database.

Study population

Inclusion criteria
The present study included patients aged between 18 and 45 years diagnosed with traumatic 
knee complaints between 1st January 2011 and 31st December 2013. Exclusively patients of GPs 
who used a specific electronical medical record system (HetHis system) in their practice were 
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included because this system contained an accurate documentation of MRI’s requested by the 
GPs. Consultations for knee complaints were identified based on the International Classification 
for Primary Care (ICPC) codes for knee complaints (ICPC code L15), sprain of the knee or knee 
distortion (ICPC code L78), and acute injury of the meniscus or knee ligaments (ICPC code L96). 
Eligible patients were selected through an electronic search on these codes within the IPCI data-
base. Patients were included if they had (a) 12 month history prior to the first occurrence of the 
code, and (b) a follow-up of at least 6 months after diagnosis.

We manually reviewed each medical record to determine if the knee complaints were due to 
a trauma. During manual review, the case was labelled as “traumatic knee complaint” when the 
record explicitly stated that a trauma occurred or that a false step, sprain, rotation, fall, contusion 
and/or distortion occurred. The case was labelled as “no trauma” when the record explicitly stated 
that no trauma occurred, when the record stated that the knee complaints gradually emerged, 
were caused due to overload, or the cause of the knee complaints was unknown. Remaining 
cases were labelled as “unclear”. Two researchers (IAA and NMS) independently assessed the 
first 20 medical records as a trial for validation of the definitions. After consensus was reached 
on the definitions, the remaining medical records were assessed by IAA or NMS. In case of doubt, 
decisions were made based on consensus with a third person (PAJL). If the patient visited the GP 
more than once for the same episode of knee complaints, this was counted as one episode . If a 
patient had more registered episodes of knee trauma’s during the 6 months follow up, only the 
first episode of knee trauma was assessed.

Exclusion criteria
Excluded from the study were patients diagnosed with a chronic internal knee trauma (IPCI code 
L97) and/or osteoarthritis of the knee (ICPC code L90) in the registered history. We also excluded 
patients that went to the emergency department before going to the GP for the same episode of 
knee complaints.

outcomes

The main outcome was the proportion of MRI referrals by the GP in patients with traumatic 
knee complaints. The secondary outcome was the medical consumption, e.g. pain medication, 
X-ray referral and referral to physiotherapy or orthopaedic surgeon. Furthermore age, sex, ICPC 
code, duration of knee complaints at consultation, history of knee complaints, and the occasion 
(sport/work/home/traffic/other) and mechanism (rotation/fall/bump/other) of the trauma were 
assessed.

Statistical analysis

The patient characteristics, frequency of traumatic knee complaints and the provided healthcare 
on traumatic knee complaints were described over the years 2011, 2012 and 2013 using descrip-
tive statistics. The differences in the provided healthcare between 2011, 2012 and 2013 were 
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analysed using the Pearson chi-square (P < .05) in the crosstabs procedure. The associati ons of 
candidate predictors with MRI referral by the GP were assessed with multi variable logisti c regres-
sion analysis (Enter method) presenti ng ORs (95% CI), with an associati on of P < .05 determined 
as an signifi cant associati on. Candidate predictors were selected based on expert opinion (PL, 
SBZ, NS). A correlati on matrix was made of the dependent and independent variables to check 
for multi collinearity. All analyses were performed using SPSS version 21 (SPSS Inc., Chicago, IL).

ReSuLTS

Figure 1 shows the fl ow chart of the inclusion process. There were in total 189,152 pati ents 
registered in the selected practi ces in the IPCI database in the period 2011 to 2013; in 2011 there 
were 164,173 pati ents, in 2013 171,564 pati ents and in 2013 there were 166,034 pati ents. Of the 
189,152 pati ents, 2695 pati ents had knee complaints and were screened manually. Of these 2695 
pati ents, 790 pati ents were identi fi ed as knee complaints due to a trauma.

 
 

2,695 patients with knee 
complaints screened for 

eligibility 
2011: n=1,080 
2012: n=1,041 
2013: n=574 1,905 excluded manually: 

Falsely coded medical record (n=93) 

Non traumatic (n=735) 

Cause of knee complaints unclear (n=773) 

Emergency department (n=221) 

Trauma > 6 months ago and/or before 2011 (n=83) 

186,457 excluded: 

No knee complaints (n=178,743) 

Chronic internal knee trauma in the past (n=203) 

Gonarthrosis in the past (n=51) 

<18 or ≥ 46 (n=6,951) 

No medical record available for 6 months after 

diagnosis (n=509) 

 

189,152 patients using HetHis 

medical record 

790 patients included 
2011: n=303 

2012: n=300 

2013: n=187 

Figure 1 The fl owchart of the inclusion process
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The characteristics of the included patients are presented in Table 1. The cohort contained 
442 males (56%). The mean age was 31 (SD 9), and the mean duration of the knee complaints 
at consultation was 13 days (SD 23). The majority of traumatic knee complaints occurred during 
sports 248 (31%) and a rotational trauma was the most frequently registered mechanism of the 
trauma (n= 214; 27%).

Provided healthcare

The policy of traumatic knee complaints for 2011, 2012 and 2013 is presented in Table 2. The 
amount of MRI referrals by the GP was 50 (17%), 35 (12%) and 18 (10%) in 2011, 2012 and 2013, 
respectively. There was no significant difference between in the amount of MRI referrals by the 
GP during the study period (P=.06).

For 86 (28%) patients in 2011, for 84 (28%) in 2012 and for 45 (24%) patients in 2013 pain 
medication was prescribed. The amount of X-ray referrals was 34 (11%) in 2011, 41 (14%) in 2012 
and 20 (11%) in 2013. Of the patients with traumatic knee complaints, 65 (22%), 61 (20%) and 35 
(19%) were referred to a physiotherapist, 105 (35%), 103 (34%) and 65 (35%) were referred to an 
orthopaedic surgeon and 7 (2%), 6 (2%) and 5 (3%) received another kind of referral in 2011, 2012 

Table 1 Patient characteristics (N=790)

All patients 2011 (n=303) 2012 (N=300) 2013 (N=187)

n* n* n* n*

Age; mean (SD) 790 31 (9) 303 31 (9) 300 32 (9) 187 31 (9)

Sex; number of males 790 442 (56) 303 171 (56) 300 163 (54) 187 108 (58)

Duration of complaints in 
days; mean (SD)

487 13 (23) 177 13 (23) 183 13 (26) 127 13 (18)

History of knee complaints 788 423 (53) 302 161 (53) 299 171 (57) 187 91 (49)

Traumatic 308 263 (33) 115 95 (31) 173 109 (36) 121 59 (32)

Non-traumatic 308 45 (6) 115 20 (7) 173 18 (6) 121 7 (4)

Occasion of trauma 503 196 190 117

Sport 248 (31) 101 (33) 87 (29) 60 (32)

Work 10 (1) 5 (2) 3 (1) 2 (1)

Home 70 (9) 19 (6) 25 (8) 26 (14)

Traffic 36 (5) 7 (2) 22 (7) 7 (4)

Other 1 139 (18) 64 (21) 53 (18) 22 (12)

Mechanism of trauma 746 289 281 176

Rotation 214 (27) 82 (27) 79 (26) 53 (28)

Fall 195 (25) 70 (23) 74 (25) 51 (27)

Bump 26 (3) 7 (2) 13 (4) 6 (3)

Other2 311 (39) 130 (43) 115 (38) 66 (35)

All values are presented as number of patients (%), unless otherwise stated. IQR: Inter Quartile Range. Miss-
ing values range up to 38%. *Number of available observations. 1For example: trauma during stairs ascending/
descending, walking with the dog, gardening, etc. 2A false step, sprain, contusion / distortion.
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and 2013 respectively. There were no differences in any of the medical consumption outcomes 
between the years 2011 and 2013.

Timing of the MRI referral

In 58 patients (57%) the MRI referral was within the first week after the first GP consultation for 
the traumatic knee complaints (figure 2). In 12 patients (12%) the MRI referral was in the second 
week, in 6 (6%) patient in the third week, in 5 patients (5%) in the fourth or fifth week and in 16 
patients (15%) the MRI referral was after the fifth week.

Associations with MRI referral

Being male (OR 2.26; 95%CI 1.25, 4.08) and a longer duration of knee complaints (OR 1.01; 95% 
CI 1.01, 1.02) were associated with a referral for MRI by the GP (Table 3).

 

57
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15
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40
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Figure 2 Timing of the MRI after the first consult 
to the GP

Table 2 General practitioners’ policy on traumatic knee complaints (n=790)

 2011 (n=303) 2012 (n=300) 2013 (n=187)

Primary outcome

MR scan referral 50 (17) 35 (12) 18 (10) .06

Secondary outcomes

Follow-up appointment GP 51 (17) 49 (16) 26 (14) .67

Advice* 126 (42) 127 (42) 70 (37) .54

Wait and see 63 (21) 64 (21) 47 (25) .50

Pain medication 86 (28) 84 (28) 45 (24) .54

X-ray referral 34 (11) 41 (14) 20 (11) .53

Physiotherapy referral 65 (22) 61 (20) 35 (19) .77

Orthopaedic surgeon referral 105 (35) 103 (34) 65 (35) .99

Other kind of referral1 7 (2) 6 (2) 5 (3) .89

All values are presented as number of patients (%). Combinations of general practitioners’ policy in one pa-
tient are possible. MR: magnetic resonance. *Cooling, take rest, exercises or leg elevation. 1other kind of 
referral such as ultrasound of the knee
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dISCuSSIoN

Study results

Studying the medical records of GP’s, we identified 790 patients aged 18 to 45 years visiting their 
GP with traumatic knee complaints during 2011 to 2013. The GP referred about one in eight 
patients to an MRI. In contrast with the hypothesis of an increase in MRI’s during the last decade 
due to improved accessibility, there was a trend seen towards a decrease in MRI’s requested by 
the GP during the study period. The trend towards a decrease of MRI’s might be induced by the 
publication of the guideline for traumatic knee complaints from the Dutch college of General 
Practitioners, in which an MRI referral by the GP is not recommended. It might also be explained 
by changes in the reimbursement of MRI after referral by the GP in patients with traumatic knee 
complaints. The National Health Care Institute of the Netherlands stated in 2010 that healthcare 
insurers should reimburse MRI after referral by the GP for indications described in the guideline. 
The guideline describes that MRI might play a role in the transmural setting in case indications 
for surgery are distinguished, or within specific subgroups of patients. However, nowadays, there 
is still no consensus on indications for surgery or characteristics of specific subgroups. There are 
signs that during the study period healthcare insures did not compensate all patient for the cost 
for knee MRI after referral by the GP, which may have led to a decrease in referrals for MRI.

The secondary outcomes of our study showed that of the patients with traumatic knee com-
plaints, the GP referred about one in three patients to an orthopaedic surgeon and about one in 
five patients to a physiotherapist during 2011 to 2013. The guideline for GPs stated that although 
physiotherapy may contribute to the recovery of the knee function after a meniscus or cruciate 
ligament injury, there is insufficient evidence about the effectiveness to recommend it. Evidence 
from recent published studies pleads more and more for conservative treatment; in patients with 
degenerative meniscal lesions surgery is just as effective as conservative treatment and surgery 
comes with side effects.14,15 Furthermore, a recent systematic review showed no difference 
between surgical management and conservative treatment in patients with anterior cruciate liga-
ment injuries in patient-reported outcomes of knee function at two and five years after injury.16 
The recommendation for physiotherapy in the guideline for GPs needs to be revised based on 
these findings. Also, the guideline for GPs recommends to refer the patient to an orthopaedic 

Table 3 Multivariate associations with MR imaging referral by the general practitioner

MR group (n=63) No MR group (n=422) OR (95% CI)

Age; mean (SD) 31 (8) 31 (9) 1.00 (0.96, 1.03)

Sex; number of males (%) 45 (71) 223 (53) 2.26 (1.25, 4.08)*

Duration of complaints in days; mean (SD) 22 (40) 12 (19) 1.01 (1.01, 1.02)*

History of knee complaints; n (%) 35 (56) 222 (53) 1.06 (0.61, 1.83)

MR: magnetic resonance. SD: Standard Deviation. OR: odds ratio. CI: confidence interval. Nagelkerke r2=.065. 
*(P < .05)
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surgeon in case of persistent limitations or instability of the knee in function of daily living, sports 
or during work. However, the evidence for the benefit from surgery for any such subgroup is 
lacking and the Dutch guideline for orthopaedic surgeons recommends anterior cruciate ligament 
reconstruction only in patients with symptomatic instability or persistent giving way who are not 
improving after physical therapy.17 Consensus should be reached about indications for surgery in 
patients with traumatic knee complaints.

Comparison with existing literature

In a prospective observational cohort study (HONEUR) conducted in 2001 to 2003 in patients 
aged 12 years or above consulting their GP with knee complaints for the first time, 351 of the 
1068 included patients (33%) reported a traumatic onset of the complaints.18 In our results, 790 
of the 10,409 patients (total amount of patients using HetHis medical system minus the total 
amount of patients with no knee complaints) identified with knee complaints were classified 
as having a traumatic onset, which compromises 7.5%. The lower proportion of traumatic knee 
complaints in our cohort can mainly be explained by the restriction in age from 18 to 45 years.

Also, patients with recurrent complaints for which the GP was not consulted within the last 
three months were included in the HONEUR study as well. In a subgroup of the HONEUR cohort, 
in patients with traumatic knee complaints, about one third was referred to physiotherapy and 
one fifth was referred to an orthopaedic surgeon.19 The percentage referral to secondary care in 
the HONEUR cohort might be an underestimation, since these patients received an MRI for study 
purposes and thereby were reassured, knowing that they would be informed in case of fracture 
or severe injury seen on MRI. Little is known about the number of MRI referrals by the GP for 
traumatic knee complaints. In a study evaluating 12 years of open access to MRI services at a 
London teaching hospital, 1798 scans for spine, knee and brain performed following GP referrals 
between 1994 and 2005 were reviewed.20 A gradual increase in the number of requests over the 
time period was seen, in contrast with our results. However, the GPs referral as a percentage of 
the total MRI workload did not increase during the study.

Strengths and limitations

This is the first study giving insight in the proportion of MRI referrals by the GP in patients with 
traumatic knee complaints. By screening the medical records of the GP, an objective picture of 
daily practice is obtained about the proportion, the change over time, the timing and possible 
predictors of an MRI referral by the GP in these patients.

There are a few restrictions to this study. A population selection was made by including only 
patients of GP’s using HetHis medical system in their practice. Unfortunately, fewer patients 
could be admitted in 2013 than in 2012 and 2011 because HetHis medical system was no longer 
supported and replaced by other electronic systems in 2014. This may have biased the results 
towards a non-significant decrease of MRI referrals. Also, since a GP’s registration system was 
used, underreporting because of not granting a (right) diagnosis code related to knee complaints, 
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or the lack of description to assess if the knee complaints were traumatic or non-traumatic is pos-
sible. However, this had no influence on the primary aim of this study to identify the proportion 
of MRI’s requested by the GP if a traumatic cause was registered.

Implications for research and practice

In most cases, the GP seems to comply to the guideline recommendation not to refer to MRI. 
However, this does not appear to be sufficient for all patients with traumatic knee complaints. 
It remains unclear based on what criteria the GP and patient tend towards MRI. Future research 
should focus on what drives the patient and GP to make an MRI after a knee trauma. Also, future 
research needs to distinguish measurable indicators to identify patients with traumatic knee 
complaints who may benefit from surgery, to be able to be more conclusive about which patients 
need referral to an orthopaedic surgeon.
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ABSTRACT

Background: Patients with traumatic knee complaints regularly consult their General practitioners 
(GP’s). Magnetic resonance imaging (MRI) might be a valuable diagnostic tool for GP’s in making 
appropriate treatment decisions and reducing costs. The objective of this study is to assess the 
cost-effectiveness of referral to MRI by the GP compared to usual care in patients with persistent 
traumatic knee complaints.

Methods: The design of the study is a multi-centre, open labelled randomised controlled non-
inferiority trial in combination with a concurrent observational cohort study. Patients (aged 18-45 
years) with knee complaints due to a trauma or sudden onset occurred in the preceding 6 months 
consulting their GP are eligible and randomised into two groups; 1) MRI group; referral for MRI 
of the knee by the GP, or 2) usual care group (no MRI). Primary outcomes are knee related daily 
function, direct and indirect medical costs and quality of life. Secondary outcomes are disability 
due to knee complaints, severity of knee pain, patients’ perceived recovery and satisfaction. 
Outcomes will be measured at baseline and at 1.5, 3, 6, 9, and 12 months follow-up. Furthermore 
we will collect demographic data, GPs’ initial working diagnosis and GP’s preferred management 
at baseline, and MRI findings.

discussion: The additional diagnostic value and cost-effectiveness of direct access to knee MRI for 
patients presenting with traumatic knee complaints in general practice is unknown. The last years, 
GP’s in the Netherlands increasingly refer patients to MRI, however the Dutch clinical guideline 
‘traumatic knee complaints’ for GP’s does not recommend referral to MRI mainly because the 
cost-effectiveness is not known.
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INTRoduCTIoN

General practitioners (GP’s) are often consulted by patients with traumatic knee complaints. For 
musculoskeletal disorders, knee complaints are the second most frequent reason (after low back 
pain), for consulting the GP.1 Traumatic knee complaints are knee complaints due to a trauma of 
the knee or are at least of a sudden onset, and therefore likely to be traumatic. Traumatic knee 
complaints could be caused by bone bruise, fracture, and/or soft tissue injuries such as lesions 
of menisci, cruciate ligaments, collateral ligaments and muscles.2-4 The incidence and prevalence 
of knee complaints in the Netherlands in general practice are estimated at 20 and 30 per 1000 
persons per year respectively.1 The incidence and prevalence of traumatic knee complaints in the 
Netherlands in general practice are estimated at 5.3 and 6.8 per 1000 persons per year respec-
tively.1

For GP’s diagnosing other knee injuries than fracture or locked knee is very difficult.5-8 Magnetic 
resonance imaging (MRI) of the knee might be helpful in establishing the right diagnosis or help 
with excluding other diagnosis. This knowledge is used for deciding on subsequent treatment 
and referral for patients with traumatic knee complaints. MRI is a powerful diagnostic tool for 
detecting lesions of ligaments, tendons, bone, cartilage and menisci.4,9,10 MRI showed a sensitivity 
of 86%, 91%, 76%, a specificity of 95%, 81%, 93% and an accuracy of 93%, 86%, 89% for anterior 
cruciate ligament, medial and lateral meniscus lesions respectively.9

Recommendations for diagnosis and management of patients with traumatic knee complaints 
presenting in primary care in the Netherlands are described in the clinical guideline ‘traumatic 
knee complaints’ issued by the Dutch College of General Practitioners in 2010.2 At GPs’ initial 
consult an urgent referral to a medical specialist is needed when there are signs of a fracture, an 
acute locked knee or severe complaints after patella dislocation.2 If not, patients are managed 
conservatively which comprises information and advice about the knee complaints, medication 
for pain reduction and if indicated referral to physical therapy. When the complaints have not 
decreased at follow-up the GP can refer to an orthopaedic surgeon who will either request an 
MRI or perform an arthroscopy or surgery.11 The study of Wagemakers et al. reported that at one 
year follow-up 57% of the patients with traumatic knee complaints in the Netherlands consulted 
their GP more than once, about one third was referred to physical therapy and 21% were referred 
to an orthopaedic surgeon.12

Direct referral to MRI might be a valuable tool for GP’s in making appropriate and informed 
decisions.13 Negative MRI findings may enable GP’s to reassure patients, treat them conserva-
tively and avoid unnecessary orthopaedic referrals. Positive MRI findings could confirm the GPs’ 
diagnoses and the decision either to advice conservative treatment or to refer to an orthopaedic 
surgeon in a more early stage.14

The DAMASK trial showed that an MRI referral by the GP prior to a provisional orthopaedic 
appointment yielded statistically significant benefits in patients’ knee related quality of life when 
compared with direct referral to an orthopaedic surgeon.15 The study of Patel et al. showed that 
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an early MRI of the knee in patients in secondary care with suspected internal derangement 
facilitates faster diagnosis at a cost comparable level when compared to physical therapy.16 At 
three months follow-up patients who were randomised for an early MRI reported significantly 
less pain, less activity limitations and better patient satisfaction.

Aim

Whether MRI of the knee should enter the diagnostic pathway in primary care, through direct 
access by GP’s, depends on whether it improves patient outcomes, reduces costs and affects 
subsequent diagnosis and management. The objectives of this study over a period of 12 months 
follow-up are:
1. To assess the cost-effectiveness of MRI referral by the general practitioner compared to usual 

care in patients with persistent traumatic knee complaints
2. To assess if MRI referral by the general practitioner is noninferior compared to usual care in 

patients with persistent traumatic knee complaints regarding self-reported knee related daily 
function.

MeThodS

This study has received ethical approval from the Medical Ethics Review Committee of the Eras-
mus Medical Centre and is registered by the Dutch Trial Registration: NTR3689.17

design

The design of the study is a multi-centre, parallel group, open labelled, randomised non-inferiority 
trial. See figure 1 for the flow chart of the study. The follow-up will last 12 months. For assessing 
generalizability of the findings, patients who are eligible but decline randomisation are invited 
to participate in the concurrent observational cohort study, with identical inclusion criteria and 
measurements as for the randomised patients. By including these patients in an observational 
cohort we will be able to get insight in potential selection of patients entering the randomised 
cohort. Furthermore, we will be able to assess the course (e.g. medical consumption and out-
comes) in daily practice of these non-randomised patients presenting with knee complaints after 
a trauma within the participating general practices, including the frequency of MRI referral and 
referral to orthopaedic surgeons.

Study population

GP’s in the South West of the Netherlands will recruit eligible patients. The GP informs the patient 
and sends contact data to the researchers. The researcher will contact the patient by phone and 
check the criteria for eligibility.
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Pati ents will be eligible for inclusion if they (re)consulted their GP with knee complaints (knee 
pain and/or disability) due to trauma or sudden onset in the preceding six months and are aged 
18 to 45 years. Pati ents will be excluded if there is an indicati on for direct referral to an ortho-
paedic surgeon (fracture or locked knee). Pati ents will also be excluded if the knee complaints 
are already managed in secondary care, if the pati ent is known with osteoarthriti s in the aff ected 
knee (diagnosis confi rmed by a medical specialist), if there is other non-traumati c arthropathy 
(for example infecti on, Reiter’s syndrome, gout, infl ammatory bowel disease or neuropathic 
pain) or isolated patellofemoral joint pain, if there is a previous MRI of the knee within the same 
episode of knee complaints, if there is a previous surgical interventi on of the aff ected knee or if 
there are contra-indicati ons for MRI (i.e. claustrophobia, metal implants or pregnancy).

 

Included: 
Aged between 18-45 year 

Persistent knee complaints  
(< 6 months) 

MRI Usual MRI Usual 

Measurements at baseline, 1.5, 3, 6, 9 and 12 months 
Primary outcomes: knee function, medical costs (healthcare use and 

productivity loss) and quality of life 
Secondary: disability due to knee complaints, knee pain, patients’ perceived 

recovery 

Data-analysis: 
Intention to treat analysis/per-protocol analysis 

Non-inferiority of MRI versus usual care 
Economic evaluation 

Baseline measurement 

Randomised cohort Observational cohort 

Declined randomisation 

General practitioner 

Patients with traumatic  
knee complaints 

Excluded 
Age <18, > 45 

years 
Fracture 

Locked knee 

Figure 1 Flowchart of the study
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Randomisation and interventions

When patients are eligible for inclusion and completed the informed consent procedure, the 
baseline measurement takes place. Hereafter, the patients will be randomly allocated to the MRI 
or the usual care group. An independent person produces a randomisation list by computer using 
random blocks of 4 and 6. Allocation by one of the researchers (KvO or NS) will be concealed and 
cannot be influenced or predicted because the randomisation list will not be accessible for the 
members of the research team.

The MRI group:
Patients will be referred for an MRI scan of the affected knee at one of the participating MRI 
centres (in Rotterdam, Amsterdam, Alkmaar, Goes, or Leiden) within two weeks after referral. The 
MRI will be performed on a 1.5 T system using the ‘acute knee scanning protocol’ which is present 
in all participating centres and is adjusted for the specific magnetic resonance machine. These 
protocols all include imaging in 3 planes: coronal, sagittal and transversal and all include a T1 
and a PD-weighted sequential, with or without fat-suppression. All participating musculoskeletal 
radiologists (n= 12) are used working with these predefined protocols.

In the Netherlands, there is no standardized way for a radiologist to score and report MRI 
findings for patients with traumatic knee problems. For this reason, a standardized and digitalized 
report was developed for the TACKLE Trial. The report was composed as an online questionnaire, 
using an open source survey application called Limesurvey.18 All radiologists are trained in this 
standardized scoring of the MRI features.

The following items are scored in the MRI report: the quantity of synovial fluid and soft tissues, 
menisci, anterior and posterior cruciate ligaments, medial and lateral collateral tendons and the 
bone and cartilage. The report will produce a treatment/referral advice for the GP, based on the 
latest consensus in the literature, expert opinion and daily practice.11,19 An overview of the most 
significant findings and the treatment/referral advice for the GP is listed in table 1.

The radiologist will report the details on possible pathology to the GP, together with a treatment/
referral advice, based on table 1. In case of positive MRI findings the advice of the radiologist will 
be to refer to an orthopaedic surgeon. The orthopaedic surgeon will decide whether arthroscopy 
or surgery is required, based on clinical findings and the Dutch orthopaedic guidelines.11,19 In case 
of negative MRI findings the advice of the radiologist will be to continue treatment in primary 
care according to the Dutch clinical guideline ‘traumatic knee complaints’ (see usual care group). 
In case of equivocal findings the radiologist will decide, based on the severity of the injury, if the 
advice will be to continue treatment in primary care or to refer to an orthopaedic surgeon. Finally, 
the GP will decide whether to refer the patient or not, based on the radiologists’ report and the 
patients’ current complaints.

The inter-rater reliability of the radiologists’ advice was determined for eight participating ra-
diologists using ten MRI’s of patients with traumatic knee complaints. The intra-class correlation 
coefficient was 0.65, reflecting reasonable agreement.



Protocol of the TACKLE trial 35

The usual care group:
These patients will be treated according to the Dutch clinical guideline ‘traumatic knee com-
plaints’, which is without MRI.2 When there are signs of contusion, distortion, medial or lateral 
collateral ligament lesion, patients will be advised to continue their daily activities and load the 
knee as much as possible. When there are indications of meniscal lesions and/or cruciate ligament 
lesions, patients will be advised to take rest for a few days and to use elbow-crutches if necessary. 
When pain and effusion decreases patients are advised to flex and extend the knee without load 
bearing, to do isometric muscle training of the quadriceps muscle, and gradually increase their 
daily activities. For additional support regarding exercises the GP can refer to a physical therapist. 
Follow-up consultations are planned with an interval of at most two weeks.

outcomes

Patients will fill in questionnaires at baseline and at 1.5, 3, 6, 9 and 12 months follow-up (see 
table 2). The questionnaires will be sent by e-mail. This e-mail contains a secured hyperlink to the 
questionnaire. For this purpose the survey application Limesurvey will be used.18

The primary outcomes are:
Patients’ knee related daily function measured with the Lysholm Scale.20 The Lysholm Scale is well 
documented according to validity, reliability and responsiveness in patients with traumatic knee 

Table 1 Types of findings on MRI and related advice

Positive findings (advice for referral to 
orthopaedic surgeon)

Equivocal findings (advice based on 
radiologist’s judgement)

Negative findings (advice for 
treatment in primary care)

Pigmented villonodular synovitis Synovitis, bursitis, hoffitis, any other 
cyst

Effusion, Baker’s cyst, ganglion, 
plica, subcutaneous oedema

Lesions of the m. quadriceps tendon, 
the patellar tendon or the patellar 
retinacula

Osteochondrosis dissecans fracture Lesions of the trochlea or patellar 
alignment

Bone bruise or bone marrow 
oedema

Meniscal tears* Parameniscal cyst, meniscal 
extrusion, discoid meniscus, 
isolated lesions of meniscal 
ligaments or meniscal capsular 
lesions

Partial or complete anterior or 
posterior cruciate ligament tears

Mucoid degeneration of the 
cruciate ligaments

Grade III injury (complete rupture) of 
the medial collateral ligament or the 
posterolateral corner

Grade I and II injury of the 
medial collateral ligament or the 
posterolateral corner

Grade IV chondromalacia Grade I to III chondromalacia

*A meniscal tear is defined as an abnormal shape of the meniscus OR as a high signal intensity unequivocally 
contacting the surface of the meniscus. The latter must be seen on at least 2 adjacent slices in one plane.
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injuries.21,22 The Lysholm Scale summarizes activity limitations and symptoms related to activity. 
The score consists of 8 different items on a 100-point scale with 25 points each attributed to 
instability and pain.20 A higher score means better knee function.

Health care use measured with the Medical Consumption Questionnaire from the institute 
for Medical Technology Assessment (iMCQ), adjusted to fit our population.23 The iMCQ includes 
questions related to frequently occurring contacts with health care providers. Health care costs 
will be calculated by multiplying health care use with Dutch standard prices.24

Productivity loss measured with the Productivity Cost Questionnaire from the institute for 
Medical Technology Assessment (iPCQ).24 The iPCQ consist of 12 items in three modules: lost pro-
ductivity at paid work due to absenteeism, lost productivity at paid work due to presenteeism and 
lost productivity at unpaid work. Productivity costs will be calculated by multiplying productivity 
losses by standard Dutch, age and sex specific, prices per hour.25

Patients’ quality of life measured with the EuroQol 5-Dimensions (EQ-5D-3L). The EQ-5D-3L 
consists of 6 items. Item 1 to 5 measure the health state on five dimensions; mobility, self-care, 
usual activities, pain/discomfort, and anxiety/depression. Each dimension has 3 levels: level 1, 
indicating no problems, level 2, indicating some problems, level 3, indicating extreme problems. 
Item 6 measures the self-rated health on a vertical visual analogue scale where the endpoints 
are labelled: best imaginable health state (100) and worst imaginable health state (0).26 Previous 
research shows evidence of construct validity and reliability for patients with knee injuries.27

The secondary outcomes are:
Disability due to knee complaints assessed with the Knee Injury and Osteoarthritis Outcome 
Score (KOOS).28 This questionnaire consist of 42 questions for five dimensions; pain, symptoms, 
function in daily living, function in sport and recreation, and knee-related quality of life. The an-
swer options are standardised and rated on a scale from 0 to 4. The total score will be calculated 
for each subscale on a scale from 0 to 100, a higher score indicating more symptoms. The KOOS 
has good validity, reliability, responsiveness, internal consistency and no floor or ceiling effect.28

Table 2 Measurement of primary and secondary outcomes

Baseline 1.5 months 3 months 6 months 9 months 12 months

Primary

Lysholm X X X X X X

iMCQ/iPCQ X - X X X X

EQ-5D-3 L X X X X X X

Secondary

KOOS X X X X X X

NRS X X X X X X

GPE X X X X X X

Satisfaction X X X X X X
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Severity of knee pain assessed with the Numeric Rating Scale (NRS). The NRS is an 11-point 
Likert scale, where 0 indicates no pain and 10 indicates unbearable pain. The NRS is a valid, reli-
able and appropriate rating scale for capturing severity of pain in clinical practice.29

Patients’ perceived recovery assessed with the Global Perceived Effect (GPE). The GPE is a 
7-point Likert scale ranging from completely recovered to worse than ever.30 The reliability of the 
GPE is excellent.31

Patients’ satisfaction with the treatment measured on a 7-point Likert scale ranging from 
absolutely satisfied to absolutely dissatisfied.

At baseline we will collect the following demographical data: age, gender, height, weight, edu-
cation level, co-morbidity, duration of complaints and previous knee complaints. Furthermore we 
will collect data on GPs’ initial working diagnosis and GP’s preferred management at baseline and 
MRI findings.

Sample size calculation

The sample size is based on the Lysholm Scale. At 12 months follow-up, the effect (Lysholm Scale) 
of the usual care in general practice in our pilot-study was estimated at a mean difference of -23 
with a standard deviation of 17 (95% confidence interval -27.8; -18.2).12 To obtain 80% statistical 
power with a 2-sided alpha of 0.05, 225 patients per treatment group are necessary to establish 
the non-inferiority of MRI referral by the GP compared with usual care within 4.8 points on the 
Lysholm Scale. Hence, using a 2-sided alpha of 0.05 and 225 patients per group, the trial has a 
91% power to detect superiority of MRI referral over usual care assuming a clinical relevant dif-
ference of 15% in knee function. Based on previous studies we expect a loss to follow up of 15%, 
therefore we require 520 patients with traumatic knee complaints in our trial.12,14

Statistical analysis

Success of the randomisation and distribution of outcome measures will be checked before actual 
analyses are done. The baseline characteristics of the non-randomised patients in the cohort will 
be analysed and compared with the baseline characteristics of the randomised patients to get 
insight in potential selection bias.

The economic evaluation will be a cost-utility analysis from the societal perspective (costs per 
a Quality Adjusted Life Year (QALY)), based on patients’ reports. A one-year time horizon will be 
used, without discounting. Costs related to outcome will be statistically analysed using net-benefit 
acceptability curves, multiple imputation, and bootstrapping, including only the uncertainty due 
to trial sampling error. Cost price analyses will be performed for MRI and orthopaedic consulta-
tions. Other costs will be valued using standard prices (including time and travel costs).25 QALYs 
will be estimated as the area under the observed 1-year utility curves. Utilities will be estimated 
using the EQ-5D-3L (primary analysis, Dutch tariff) and the patients’ health Visual Analogue Scale 
(VAS), transformed to a utility scale using the power transformation U =1-(1-VAS/100)1.61.
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We will evaluate whether MRI referral by GP’s is non-inferior compared to usual care conform 
clinical guideline beyond a specified non-inferiority margin (delta) with a defined confidence 
interval. Non-inferiority of MRI over usual care will be accepted if the upper bound of the 95% CI 
around the estimated difference in primary outcome (Lysholm Scale) lies below delta. A delta of 
4.8 was adopted, based on the expected effect in the usual care group as found in our pilot-study 
(see sample size calculation), and a judgement about the difference between treatments that 
would be clinically meaningful.

The outcome of both groups will be analysed on the basis of the ‘intention to treat’ principle. 
We will use linear mixed models with repeated measurements to calculate the group differences 
over time. We will adjust for variables with a clinical meaningful difference between the two 
groups at baseline. In non-inferiority trials, intention to treat analysis could increase type I error; 
the risk of falsely claiming non-inferiority.32 Therefore we will additionally perform a per-protocol 
analysis.

Additionally, we will perform exploratory analysis to identify clinical indicators for better (cost)
effectiveness over a period of 12 months using univariable and multivariate logistic regression 
analysis. Different usual thresholds (16, 20 and 40 thousand euros per QALY) for the maximum 
willingness to pay for an extra QALY will be explored.

dISCuSSIoN

GP’s in the Netherlands increasingly refer patients with knee complaints to MRI. At present there 
is a lack of evidence whether this is cost-effective care. We reported the design of a non-inferior 
RCT that will investigate the cost-effectiveness of an MRI on referral of the GP compared to usual 
care in patients with traumatic knee complaints.
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ABSTRACT

Background: The added value of MRI in primary care is still under debate. A high diagnostic yield 
can be expected in young and active patients with posttraumatic knee complaints. The aim of this 
study was to determine the frequency of MR abnormalities in these patients and the associations 
with patient, trauma and clinical characteristics.

Methods: This study is a subgroup analysis including 174 patients, aged 18-45 years and a knee 
trauma <6 months, allocated to MR imaging in a randomised controlled trial on the yield of MRI 
in primary care. Patients were recruited by 150 GPs from the Netherlands from October 2012 
to November 2015. Associations were expressed using mean differences, odds ratio (OR) and 
predictive values.

Results: Sixty-seven patients (39%) had a positive MR finding, predominantly ACL ruptures (22%) 
and/or traumatic meniscal tears (15%). Patients with a pre-existing musculoskeletal comorbid-
ity had a twofold lower prevalence of positive MR findings (24%), OR 3.0 (95%CI 1.3 to 7.0). A 
‘Sports related trauma’ showed the highest OR of 4.6 (95%CI 2.2 to 9.3) for a positive MR finding. 
Clinical scores were statistically significant worse in patients with positive MR findings, with mean 
differences ranging 10-20%. Furthermore, increasing duration of complaints was correlated with 
decreasing prevalence rates of positive MR findings. Overall, a popping sound and a direct swell-
ing showed the highest positive predictive value of 65% for the presence of a positive MR finding.

Conclusion: Our results enable a preselection of patients to increase the diagnostic yield of MR 
imaging in primary care.
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INTRoduCTIoN

General practitioners (GPs) are often consulted for posttraumatic knee complaints.1 Of all sport 
injuries, the knee is the most commonly affected joint.2 A trauma of the knee is known to have 
the highest burden of all sport injuries causing a substantial lowered quality of life in predomi-
nantly young and sportive patients.2,3 They suffer from knee pain and an impaired knee function 
resulting in less mobility, work absenteeism and decreased sport participation.2,3 Using Magnetic 
Resonance (MR) imaging, posttraumatic knee injuries can be diagnosed with a high diagnostic 
accuracy.4 It is an established diagnostic tool in secondary care, mainly requested by orthopaedic 
surgeons in order to select what kind of treatment including surgery is needed.5,6 During the past 
decades MRI is increasingly used in primary care as well, with the MR of the spine requested 
most, followed by respectively the knee and the brain.5,7,8

Negative MR findings could reassure patients and treatment in primary care can be contin-
ued. In case of positive findings, an early MR scan could contribute to an earlier diagnosis and 
dedicated treatment. Patients could earlier return to sports or work, with possible improved 
healthcare outcomes. Especially in young patients with posttraumatic knee complaints a high 
diagnostic yield can be expected.5,9–11 Earlier studies in primary care evaluated prevalence rates 
of MR abnormalities in patients with knee complaints, however, these studies included older 
patients and patients with chronic knee complaints.6,11–13 None of these studies assessed the as-
sociations of clinical outcomes with the overall MR result, including combinations of important 
MR findings.

Our goal was therefore to determine the frequency of MR findings in young patients (18-45 
years) with posttraumatic knee complaints seen in general practice and to determine the associa-
tions with patient and trauma characteristics, duration of complaints and clinical scores.

MeThod

Study design

For the current study, data were used from the TraumAtic Complaints of the Knee – LUMC and 
Erasmus MC (TACKLE) Trial, a multicentre randomised controlled trial (RCT) to determine the 
(cost-) efficacy of MRI requested by the GP in patients with a recent knee trauma. We published 
the full research protocol earlier.14 Eligible patients were aged 18-45 years with knee complaints 
after a recent knee trauma in the preceding 6 months. Exclusion criteria were indications for 
direct referral (fracture or a locked knee), referrals to secondary care and/or MRI already per-
formed, previous surgery of the affected knee, knee osteoarthritis diagnosed by a physician and 
contra-indications for MRI. Patients were included from October 2012 to November 2015 by 150 
GPs in the Western part of the Netherlands. Eligible patients were selected during consultation 
by the GP or by an invitational letter from the GP within 12 weeks after the consultation. After 
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the baseline measurement, patients were evenly allocated to usual care or to MRI. In the MRI 
arm patients received and MR scan within 2 weeks after the baseline measurement, next to usual 
care. In the current study we present the results of the MRI group only.

MR abnormalities

Prior to the start of this study, two orthopaedic surgeons (JV and RN), employed in two different 
participating centres of the TACKLE Trial, defined ‘positive’ MR findings that may need further 
specialized assessment and treatment by an orthopaedic surgeon. These were a trabecular frac-
ture, a complete rupture of a collateral ligament, a meniscus tear, a cruciate ligament rupture and 
a full thickness cartilage defect. We developed a standardized knee MR report and trained the 
involved radiologists (appendix 1).

Patient, trauma and clinical characteristics

We collected the patient characteristics age, gender and BMI and asked for the presence of mus-
culoskeletal comorbidities, defined as pre-existing pain in the hip(s), ankle(s) or spine. We asked 
for duration of complaints and collected data on trauma characteristics, including the activity dur-
ing trauma (sports, work, at home, traffic), the trauma mechanism (e.g. rotational, fall, bumping), 
a popping sensation, the duration from trauma to development of (1) pain and (2) swelling of the 
knee joint (directly, within 24 hours, within a few days) and the ability to continue their activity.

We used 3 subscales of the Knee Injury and Osteoarthritis Outcome Score (KOOS) to determine 
the clinical correlation of the MR abnormalities in the present study: the subscale pain (KOOS 
pain), symptoms (KOOS symptoms) and function in sports and recreation (KOOS sports).15

Statistical analyses

We described the data using absolute numbers with frequencies for binary and categorical data, 
means with standard deviation (SD) for normally distributed data and medians with interquartile 
ranges (IQR) for non-normally distributed data. We dichotomized several categorical variables 
into sensible and clinically relevant variables (e.g. sports related vs non-sports related trauma). 
Prior to the start of the study all meniscal tears were defined as a positive MR finding. However, 
in the analyses presence of a horizontal meniscal tear was associated with higher age and not as-
sociated with duration of complaints, nor with any clinical outcome measure. Therefore, patients 
with a horizontal meniscal tear were excluded from the positive MR findings group. Furthermore, 
we combined presence of effusion and/ or synovitis into one variable ‘effusion-synovitis’ to assess 
the clinical correlations. We expressed the associations of MR findings with the collected patient, 
trauma and clinical characteristics using mean differences for continuous data assessed with 
the Student’s T-test and odds ratios (OR) for dichotomous data using binary logistic regression 
analyses. Additionally we calculated the 95% Confidence Interval (95%CI) for all associations. We 
choose for the mean difference because this measure provide more directly relevant information 
than the correlation coefficient.16 Furthermore, negative predictive values (NPVs) and positive 
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predictive values (PPVs) were calculated for the trauma characteristics and the presence of MR 
findings, using cross tabulations. To express the association of duration of complaints with the 
presence of MR findings and with mean clinical scores, we stratified all patients into 3 equal 
groups according to (increasing) days from trauma to MR scan. We determined the statistical 
significance of differences in prevalence and mean scores across the 3 strata using the 1-way 
ANOVA test. Statistical analyses were performed with IBM SPSS version 23.0.

ReSuLTS

Study population

In the TACKLE trial, 174 patients received an MR scan (table 1). The median time from baseline 
measurement to MR scan was 6 days (IQR 4, 9), with 93% of the patients receiving the MR scan 
within the scheduled 2 weeks after randomisation. Median duration of knee complaints was 42 
days (IQR 17, 83).

Prevalence of MR findings

A positive MR finding was present in 67 patients (39%), mostly being an ACL rupture in 38 patients 
(22%) and/or a traumatic meniscal tear in 26 patients (15%) (table 2). A positive MR finding was 
in 49 patients (73%) accompanied by effusion-synovitis, in 43 patients (64%) accompanied by a 

Table 1 Baseline patient, trauma and clinical characteristics of patients aged 18-45 with a recent knee trauma, 
seen in primary care, n=174

Variables

Median age, years (IQR) 34 (26, 41)

Male, n (%) 110 (63)

BMI, mean (SD) 25.3 (3.9)

Musculoskeletal comorbidities, n (%) 39 (22)

Duration of complaints, median days (IQR) 42 (17, 83)

Sports related trauma, n (%) 105 (60)

Rotational trauma, n (%) 70 (40)

Popping sensation during trauma, n (%) 64 (37)

Direct pain after trauma, n (%) 127 (73)

Direct swelling after trauma, n (%) 43 (25)

Not able to continue activity after trauma, n (%) 124 (71)

KOOS Pain, mean (SD)a 58 (20)

KOOS Symptoms, mean (SD)b 61 (20)

KOOS Sports, mean (SD)c 35 (27)

n: number, IQR: interquartile range, SD: Standard Deviation. a,b,c Knee specific scores on respectively pain, 
symptoms and limitations in sports, ranging 0: worst score to 100: best score.
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bone bruise and in 59 patients (88%) by effusion-synovitis and/or a bone bruise (figure 1). In 30 
patients (17%) no abnormalities were found, leaving 77 patients (44%) with minor MR findings, 
not requiring an evaluation by an orthopaedic surgeon.

Table 2 MR findings in patients aged 18-45 years with a recent knee trauma, seen in primary care, n=174

Prevalence of MRI findings

Knee trauma n %

No abnormalities 30 17

Soft tissue 89 51

Effusion 71 41

Synovitis 36 21

Baker’s cyst 23 13

Bursitis 5 3

Ganglion 5 3

Thickened plica 6 3

Bone bruises 61 35

In femorotibial joint 60 35

Medial compartment 37 21

Lateral compartment 37 21

Medial and lateral 16 9

In patella 4 2

Trabecular fracture 12 7

Cartilage defects 39 22

Femorotibial joint 28 16

Partial thickness defects 19 11

Full thickness defects 9 5

Patellofemoral joint 17 10

Partial thickness defects 16 9

Full thickness defects 1 1

Cruciate ligaments 40 23

ACL rupture 38 22

Partial 21 12

Complete 17 10

PCL complete rupture 2 1

Collateral Ligaments 27 16

MCL partial distortion 16 15

MCL complete distortion 1 1

PCL partial distortion 2 1

Menisci 67 39

Medial meniscus 54 31

Mucoid degeneration 12 7
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Figure 1 Venn diagram of combinations of MRI findings in patients aged 18–45 years with recent knee trau-
ma, seen in primary care.
Shown here are all patients with effusion-synovitis and/or a bone bruise and/or a positive MRI finding (N = 
95 patients). Overlapping areas represent combinations of MRI findings. aPositive MRI finding(s): trabecular 
fracture, traumatic meniscal tear, cruciate ligament rupture, complete rupture collateral ligament and/or a 
full thickness cartilage defect. bKnees with effusion-synovitis, but without a bone bruise and positive MRI find-
ings. cKnees with a positiive MRI finding and effusion-synovitis, but no bone bruise. dKnees with a positive MRI 
finding and effusionsynovitis and a bone bruise. eKnees with a positive MRI findings, but no effusion-synovitis 
or a bone bruise. fKnees with a positive MRI finding and a bone bruise, but no effusion-synovitis. gKnees with 
a bone bruise, but no positive MRI finding or effusion-synovitis. hKnees with effusion-synovitis and a bone-
bruise, but no positive MRI finding.

Table 2 MR findings in patients aged 18-45 years with a recent knee trauma, seen in primary care, n=174 
(continued)

Prevalence of MRI findings

Horizontal tear 25 14

Traumatic tear 17 10

Lateral meniscus 26 15

Mucoid degeneration 4 2

Horizontal tear 9 5

Traumatic tear 13 8

Medial and/or lateral tear 54 31

Horizontal 30 17

Traumatic 26 15

Positive MR findingsa 67 39

ACL: Anterior Cruciate Ligament, PCL: Posterior Cruciate Ligament, MCL: Medial Collateral Ligament, LCL: Lat-
eral Collateral Ligament. aPositive MR findings: trabecular fracture, traumatic meniscal tear, cruciate ligament 
rupture, complete rupture collateral ligament and/or a full thickness cartilage defect.
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Associations of MR findings with patient and clinical characteristics

Higher age was correlated with the presence of a horizontal meniscal tear, but with no other MR 
abnormality. Patients with a horizontal meniscal tear had a mean age of 38 (SD 7) years, compared 
to a mean age of 32 (SD 8) years in patients without a horizontal meniscal tear; mean difference 6 
(95%CI 3 to 9) years. Furthermore, patients with pre-existing musculoskeletal comorbidities had a 
statistically significant lower prevalence of positive MR findings; 8 of 39 patients (21%) compared 
to 59 of 135 patients (44%) without a musculoskeletal comorbidity, OR 3.0 (95%CI 1.3 to 7.0). No 
statistically significant associations were found for BMI or gender with the presence of MR findings.

The longer the duration of complaints, the fewer MR abnormalities were present and the fewer 
knee specific symptoms were reported (table 3). Only patients with a horizontal meniscal tear 
were evenly distributed across the three strata.

The group with positive MR findings had statistically significant worse scores on all 3 tested 
KOOS subscales, with the highest mean difference of 22 (95%CI 15 to 30) in the KOOS sports score. 
Most single positive MR findings showed a statistically significant association with clinical scores, 
with the exception of the horizontal meniscal tear. Also effusion/synovitis and the presence of a 
bone bruise were associated with significantly worse scores on the three KOOS subscales, with 
mean differences ranging 10 to 19 (95%CI 4 to 27).

Table 3 Prevalence of MR findings and mean clinical scores according to duration of complaints from trauma 
to MR scan, stratified into 3 equal groups, n=174.

Stratum 1 (n=58) Stratum 2 (n=58) Stratum 3 (n=58)

Duration of knee complaints (days)

0-34 35-76 77-178

MR finding N n % n % n % P-value

Effusion-synovitis 74 39 67 21 36 14 24 <.001

Bone bruise 61 30 52 22 38 9 16 <.001

Fracture 12 9 16 3 5 0 0 .004

MCL distortion 27 15 26 9 16 3 5 .012

Horizontal meniscal tear 30 12 21 10 17 8 14 .690

Traumatic meniscal tear 26 9 16 13 22 4 7 .081

ACL rupture 38 18 31 14 24 6 10 .034

Full thickness cartilage defect 9 6 10 3 5 0 0 .048

Positive MR findingsa 67 34 59 25 43 8 14 <.001

Clinical outcome measures N mean (Sd) mean (Sd) mean (Sd) P-value

KOOS painb 174 47 (18) 61 (19) 66 (19) <.001

KOOS symptomsc 174 50 (17) 62 (19) 72 (18) <.001

KOOS sportsd 174 18 (20) 39 (27) 48 (24) <.001

n: number, ACL: anterior cruciate ligament, MCL: medial collateral ligament. aPositive MR findings: trabecu-
lar fracture, traumatic meniscal tear, cruciate ligament rupture, complete rupture collateral ligament and/
or a full thickness cartilage defect. b,c,dKnee specific scores on respectively pain, symptoms and limitations in 
sports, ranging 0: worst score to 100: best score



Predicting positive MRI findings 51

Associations of MRI findings with trauma characteristics

Associations of MRI findings with trauma characteristics All trauma characteristics were statisti-
cally significantly associated with the presence of one or more positive MRI finding, of which 
sports-related trauma showed the strongest association (Table 4). Of the six trauma characteris-
tics, four were associated

with a higher prevalence of ACL rupture, of which ‘direct pain after trauma’ showed the stron-
gest association with an OR of 3.9 (95% CI = 1.3 to 11.8). Overall high NPVs were observed: highest 
for sports-related trauma and direct pain after trauma, with NPVs ranging from 90% to 93%. 
Furthermore, highest PPVs for a positive MRI finding were seen for the combinations of a popping 
sound during trauma and a direct swelling, and for a rotational trauma with a direct swelling, 
with PPVs ranging from 62% to 65% (Table 4). The classical combination of a popping sound and 
a direct swelling showed a 41% PPV for an ACL rupture.

Table 4 Trauma characteristics and associations with the predictive values for the MR abnormalities in pa-
tients aged 18-45 years and a recent knee trauma seen in primary care, n=174

Trauma characteristics n

ACL rupture Traumatic meniscal tear Positive MR finding(s)a

n=38 (22%) n=26 (15%) n=67 (39%)

OR
(95%CI)

NPV PPV
OR

(95%CI)
NPV PPV

OR
(95%CI)

NPV PPV

Sports related trauma
yes 105 3.7

90 30
3.2

93 20
4.6

81 51
no 69 (1.5 to 9.0) (1.1 to 8.9) (2.2 to 9.3)

Rotational trauma
yes 70 1.1

79 23
1.9

88 20
2.0

68 49
no 104 (0.5 to 2.3) (0.8 to 4.4) (1.1 to 3.8)

Popping sound
yes 64 3.1

85 34
3.3

91 25
2.1

68 50
no 113 (1.5 to 6.5) (1.4 to 7.9) (1.1 to 4.0)

Direct pain
yes 127 3.9

91 26
2.3

91 17
3.0

79 45
no 47 (1.3 to 11.8) (0.7 to 6.9) (1.4 to 6.6)

Direct swelling
yes 43 1.6

80 28
1.1

85 16
2.0

66 51
no 131 (0.7 to 3.5) (0.4 to 2.9) (1.0 to 4.0)

Inability to continue 
activity

yes 124 2.6
88 26

1.4
88 16

2.5
76 44

no 50 (1.0 to 6.6) (0.5 to 3.8) (1.2 to 5.3)

Combinations

Popping sound and 
direct swelling

yes 17 2.8
80 41

3.7
87 35

3.3
64 65

no 157 (1.0 to 8.1) (1.2 to 11.2) (1.2 to 9.4)

Rotational trauma and 
direct swelling

yes 21 1.5
79 29

0.6
86 19

3.0
65 62

no 153 (0.5 to 4.2) (0.4 to 4.6) (1.2 to 7.6)
aPositive MR findings: trabecular fracture, traumatic meniscal tear, cruciate ligament rupture, complete rup-
ture collateral ligament and/or a full thickness cartilage defect. ACL: anterior cruciate ligament, n: number 
of patients, OR: odds ratio, 95%CI: 95% Confidence Interval. NPV= Negative Predictive Value, PPV: Positive 
Predictive Value, both expressed in percentages.
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dISCuSSIoN

Summary

In this study we determined the MR findings in young adults with a recent knee trauma seek-
ing medical attention in primary care. Almost 40% of the patients had one or more positive MR 
finding potentially requiring further evaluation by an orthopaedic surgeon. These findings were 
usually accompanied by effusion-synovitis and/or a bone bruise. Patients without a pre-existing 
musculoskeletal comorbidity showed a twofold higher prevalence of these positive MR findings. 
Increasing duration of complaints was associated with decreasing prevalence rates of positive MR 
findings. Six trauma characteristics showed a statistically significant association with positive MR 
findings of which a sports related trauma showed the highest OR. A popping sound with direct 
swelling showed the highest PPV for a positive MR finding. Patients with a positive MR finding 
showed statistically significant more impaired knee function and more knee pain.

Strengths and limitations

A strength of our study is the selection of patients in which the highest yield of MR imaging 
is expected, including young patients aged 18 to 45 years with posttraumatic knee complaints, 
thereby excluding older patients with possible degenerative findings which are often confusing 
to clinicians and lack therapeutic options. Furthermore, we focused on the overall MR result and 
correlated this with clinical scores, not exclusively concentrating on single ligamentous or menis-
cal injuries.

Limitations could be noticed as well. We gathered no information on the findings of physical ex-
amination performed by the GP. This decision was based on logistic reasons with the primary goal 
of the TACKLE trial being the yield of MR imaging in primary care, but also on evidence from the 
literature showing the minor to absent additive value of physical examination of the knee by GPs 
for the diagnosis of ACL ruptures and meniscal tears.13,17,18 Furthermore, the tested associations 
in this study were based on MR findings, not confirmed by arthroscopy. However, MR imaging is 
known to have a high diagnostic accuracy for posttraumatic knee injuries.19 A few false positive or 
false negative findings could have been made, probably not influencing our main results.

Comparison with existing literature

Prevalence of MR findings
Our prevalence rates are comparable with earlier studies in patients with posttraumatic knee 
complaints seen in primary care. In our sample, 15% of the patients had a traumatic meniscal 
tear, this is comparable with the prevalence rate of 17% in a similar group of primary care pa-
tients.12 We observed an overall meniscal tear prevalence rate of 31%, in contrast to 47% in the 
aforementioned study. This could be due to the relatively older patients included in their study 
with a mean age of 41 year.12 For ACL ruptures, these authors found a prevalence rate of 17%. In 
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another study in primary care (with a trauma rate of 66%) 18% of the patients had an ACL rupture, 
in our cohort this was 22%.13

horizontal meniscal tears

Another marked finding was the relative high frequency (17%) of horizontal meniscal tears in our 
targeted population, which were not associated with higher scores on pain or function loss. A 
horizontal tear is generally believed to be of degenerative origin. First a linear signal change inside 
the meniscus develops, reflecting slowly developing meniscal degradation; most of these signal 
changes later progress to horizontal meniscal tears.20 Earlier studies already suggested these tears 
were an incidental finding, but these studies were performed in older patients.12,20,21 Our results 
provide additional evidence that an isolated horizontal meniscal tear should be considered an age 
related phenomenon, not requiring referral to an orthopaedic surgeon, even in relatively young 
adults with posttraumatic knee complaints.

duration of complaints

An important finding in this study was the decreasing prevalence rates of most MR findings with 
increasing duration of complaints. This was also true for the prevalence rate of positive MR find-
ings. We expected the clinical outcome scores to improve over time, but did not foresee this 
clear association. An earlier study assessed duration of complaints and the association with the 
prevalence of positive MR findings, but found no statistically significant difference.22 However, 
in that study, the mean duration of symptoms was over 6 months, a time period in which the 
effect is probably diminished. Our finding can be explained by the natural recovery of patients 
in which bone bruises resolve, effusion diminishes and injuries to the meniscus and collateral 
ligaments heal. There is also evidence that partial and even complete ACL ruptures are able to 
regain continuity over time, although our time span might be too short for this event to occur.23 
Another possible explanation is that earlier consultation was achieved by patients with more 
severe complaints, resulting in a shorter period from trauma to MR imaging.

Patient, trauma and clinical characteristics

A new finding in this study is the association of pre-existing musculoskeletal comorbidities with 
a lower prevalence of positive MR findings. A musculoskeletal comorbidity is known to be as-
sociated with a higher score on knee specific pain subscales24, but to our knowledge, no earlies 
studies reported on the lower prevalence of MR findings in these relative young patients with a 
recent knee trauma. Future studies should confirm our finding. The strongest association of a 
trauma characteristic with positive MR findings was a ‘sports related trauma’, with a 30% higher 
prevalence rate of positive MR findings compared to a non-sports related knee trauma. This 
association was not found in previous studies.17,18,25 However, a recent study confirmed a statisti-
cally significant association of a sport-related trauma with a higher prevalence of medial meniscal 
tears, compared to patients with a non-sports related knee trauma.26
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Implications for practice

In this paper we presented an overview of MR findings observed in a population of young patients 
(aged 18-45 years) with traumatic knee complaints. Several patient, trauma and clinical charac-
teristics associated with positive MR findings were identified. Duration of complaints should be 
taken into account by the GP when referring a patient for an MR scan to appraise the possible 
yield of MR imaging. A sports related trauma is a strong predictor for positive MR findings, while 
presence of a musculoskeletal comorbidity results in less positive MR findings. Furthermore, 
horizontal meniscal tears are even in relatively young adults with a recent knee trauma an inci-
dental finding without clinical relevance. The predictive values of the trauma characteristics could 
enable a preselection of patients with a greater likelihood to have an abnormal MR scan, thereby 
increasing the yield of MR imaging in primary care.

how this fits in

At a time of ongoing discussion about the added value of magnetic resonance imaging 
(MRI) in primary care, a subgroup analysis was conducted with all patients allocated 
to MRI in a randomised controlled trial. A potential subgroup of patients that could 
benefit from MRI was studies. It contained relatively young patients (18-45 years) with 
post traumatic knee complaints. The MRI findings were expounded and several patient, 
trauma and clinical characteristics associated with higher prevalence rates of positive 
MRI findings were identified. The study findings help GPs to preselect patients with post-
traumatic knee complaints in whom an increased diagnostic yield of MRI can be expected
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Appendix 1 Standardized knee MR report
Six hospitals and MR centres were involved in this trial. Prior to the start of the study, our project group’s 
radiologists (MR, HB, PA) evaluated and approved all ‘acute knee’ MR protocols used in each centre. These 
protocols were optimized for each MR scanner, were familiar to the radiologists in that particular centre and 
provided a good reflection of the actual diagnostics used in the Netherlands. All protocols included sequences 
in the sagittal, coronal and transversal planes, with at least one sequence with fat suppression and one gradi-
ent echo sequence targeted on cartilage damage. All protocols were executed on 1.5 Tesla MR system using 
dedicated knee coils. Twelve musculoskeletal radiologists were involved in the study and were trained prior to 
the start of the study. We developed a standardized MR knee report, based on the MR knee report template 
of the Radiological Society of North America1, the latest literature and experts’ opinions (musculoskeletal ra-
diologists and orthopaedists). Furthermore, we developed a traumatic knee MR atlas that could be consulted 
by all collaborating musculoskeletal radiologists.

Below we present the structured MR knee report that was filled in by the radiologist, in addition to the 
original free text report sent to the general practitioner.

MR knee report
• What is the date of the MR scan?
• Which side is scanned?
• Are there any abnormalities on this MR scan? If yes, specify:

Soft tissue
Are there any abnormalities in the soft tissue? If yes, specify:
• Effusion (only moderate to severe)
• Synovitis
• Bursitis, specify [free text]
• Baker’s cyst
• Subcutaneous oedema
• Ganglion , specify [free text]
• Plica
• PVNS
• Other, specify [free text]

Extensor mechanism
Are there any abnormalities of the extensor mechanism? If yes, specify:
• Quadriceps tendon, specify [free text]
• Patellar tendon, specify [free text]
• Patellar retinaculum, specify [free text]
• Other, specify [free text]

Bone and bone marrow
Are there any abnormalities of the bone or bone marrow? If yes, specify:
• Bone bruise, if yes, specify:
 - Medial femurcondyl
 - Intercondyllar femoral notch
 - Lateral femurcondyl
 - Medial tibial condyle
 - Central tibial condyle
 - Lateral tibial condyle
 - Fibular head
 - Patella
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• Osteochondral defect (specified location as above)
 -  Stage II (Subchondral cysts and/or partial disruption of osteochondral lesion with bone marrow ede-

ma)
 - Stage III (Complete disruption osteochondral lesion with surrounded by fluid)
 - Stage IV (Dislocated osteochondral fragment)
• Are there any abnormalities of the trochlea? e.g. dysplastic trochlea medial/ lateral, patellar tilt or sub-

luxation (lateralisation)If yes, specify [free text]
• Is there a fracture? If yes specify, location and morphology (trabecular/micro, impression, stress, avul-

sion, Segond)
• Are there any other abnormalities of the bone or bone marrow? If yes, specify [free text]

Menisci2,3

Are there abnormalities of the menisci? If yes, specify:
• Mucoid degeneration, yes/no, if yes: specify medial and/or lateral
• Meniscal tear A tear is present with an abnormal shape of the meniscus or with an increased signal within 

the meniscus, extending to the surface., yes/ no:
• Medial meniscus tear? If yes:
 - Location:
  o Anterior horn
  o Body
  o Posterior horn/ root
 - Type or shape of tear:
  o Longitudinal/ vertical
  o Horizontal
  o Radial
  o Complex: bucket handle
  o Complex: other
• Lateral meniscus tear? If yes (same as above):…
• Other meniscal pathology?
 - Parameniscal cyst, specify [free text]
 - Meniscal extrusion (>3mm), specify [free text]
 - Disruptured/ dislocated meniscal fragment, specify [free text]
 - Discoïd meniscus, specify [free text]
• Abnormalities of a meniscal ligament, specify [free text]
• Other, specify [free text]

Cruciate ligaments4

Are there abnormalities of the cruciate ligaments? If yes, specify:
• Mucoid degeneration, anterior/ posterior ligament?
• Rupture
 - Anterior/ posterior
  o Partial
  o Complete

Collateral ligaments
Including medial collateral ligament and posterolateral corner.
Are there abnormalities of the collateral ligaments? If yes, specify:
• Medial collateral ligament
 - Partial rupture:
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  o  Grade 1 distortion (high signal medial or superficial of ligament, normal signal of the ligament 
itself)

  o  Grade 2 distortion (high signal medial of ligament with a high signal within the ligament itself)
 - Complete rupture:
  o Grade 3 distortion
• Posterolateral corner, if yes (same as above):…

Cartilage
Are there abnormalities of the cartilage? If yes, specify:
• Grade:
 - Grade I: focal spots of hyper intensities, normal contour of the cartilage
 - Grade II: <50% cartilage thickness defect
 - Grade III: 50-100% cartilage thickness defect
 - Grade IV: full thickness cartilage defect
• Location:
 - Patellofemoral joint: patella
 - Patellofemoral joint: femoral side: anterior/ trochlea
 - Medial femoral condyle
 - Lateral femoral condyle
 - Medial tibial condyle
 - Central tibial condyle
 - Lateral tibial condyle
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ABSTRACT

Background: It remains unclear to what extent patients with traumatic knee complaints aged 
18-45 years seen in general practice experience difficulties with return to sports.

objectives: This study aims to determine the proportion of patients with a knee trauma that 
return to sports at 6-weeks and 3-months follow-up. Also examined were associations between 
no return to sports and baseline patient/trauma characteristics, knee complaints and MR find-
ings, as well as the additive value of MR findings.

Methods: Included were patients with traumatic knee complaints participating in a randomised 
controlled trial assessing the cost-effectiveness of an MR scan in general practice. Patients were 
classified as ‘no return to sports’ or ‘return to sports’ (sports on pre-injury or adapted level). Po-
tential baseline predictors for no return to sports were assessed using logistic regression analyses. 
The area under the curves (AUC) were compared.

Results: At 6-weeks and 3-months follow-up, 147 (59%) and 175 (74%) patients, respectively, 
reported return to sports. Combining patient characteristics, trauma characteristics and knee 
complaints predicted no return to sports with an AUC of 0.86 (95%CI:0.81-0.90) at 6-weeks and 
of 0.82 (95%CI:0.76-0.88) at 3-months follow-up. After adding MR findings, the AUC was 0.79 
(95%CI:0.71-0.87) at 6-weeks and 0.79 (95%CI:0.70-0.88) at 3-months follow-up.

Conclusions: Three out of four patients with a knee trauma in general practice reported return 
to sports at 3-months follow-up. A combination of patient/trauma characteristics and knee com-
plaints predicted no return to sports, whereas MR findings had no additive value.
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INTRoduCTIoN

An injury of the knee due to a trauma during sports or leisure is a common indication for which 
patients visit their general practitioner (GP).1 Patients with traumatic knee complaints regularly ask 
when they can resume sports activities. To help address this, the GP’s tools for diagnosis and man-
agement of these complaints are described in the Dutch guideline for traumatic knee complaints.2 In 
the acute phase, the diagnosis is mainly based on history taking, whereas physical examination adds 
little diagnostic value.3,4,5 Studies have shown the potential diagnostic value of a magnetic resonance 
scan (MR scan) in traumatic knee complaints (requested by the GP) by improving patients knee re-
lated quality of life and reducing medical costs.6,7,8 In most patients with traumatic knee complaints 
in general practice, full recovery or major improvement is reported after one year.9 However, the 
return to sports after traumatic knee complaints remains precarious and most active young patients 
with traumatic knee complaints demand to return to sports as soon as possible. Currently, in pa-
tients aged 18-45 years visiting a GP, the impact of a knee trauma on their return to sports activities 
remains unclear. Therefore, the aim of this study is to assess at 6-weeks and 3-months follow-up:
• the proportion of patients returning to sports after a knee trauma
• which patient characteristics, trauma characteristics, severity of knee complaints and MR 

findings, all measured at baseline, are associated with no return to sports
• whether MR findings have an additive value in predicting no return to sports.

MeThodS

design and setting

The present study included patients with traumatic knee complaints participating in a randomised 
controlled trial (RCT) that aimed to assess the (cost)effectiveness of an MR scan in general practice 
for patients with knee complaints due to a trauma (TACKLE Trial).10 In the TACKLE trial, patients 
from 150 participating general practitioners were randomised to an MR scan or usual care. The 
recruitment for the TACKLE Trial took place from November 2012 to December 2015. The usual 
care group was treated according to the guideline of the Dutch College of General Practitioners 
for traumatic knee complaints, i.e. no MR scan.2 The study was approved by the Medical Ethics 
Committee of the Erasmus Medical Centre (Dutch Trial Registration: NTR3689).11

Study population

Patients visiting their GP with knee complaints due to a trauma in the preceding 6 months were 
eligible for the TACKLE Trial. Patients had to be 18-45 years old; the restriction of 45 years was 
chosen to exclude patients with osteoarthritis as much as possible. Excluded from the study were 
patients with: i) an indication for direct referral to an orthopaedic surgeon (e.g. fracture, locked knee 
or severe complaints after patella dislocation), ii) knee complaints already treated in secondary care, 



64 Chapter 5

iii) previous surgical intervention of the affected knee, iv) knee osteoarthritis diagnosed by a medical 
specialist, v) other non-traumatic arthropathy (i.e. isolated patellofemoral joint pain), vi) a previous 
MR scan for current knee complaints, or vii) a contra-indication for an MR scan. For the present 
study, also excluded were patients: i) who did not participate in sports before the knee trauma, and 
ii) who did not return to sports after the knee trauma due to reasons other than knee complaints.

data collection and variables

Questionnaire
The following question about sports participation was included in the questionnaires filled in at 
baseline, and at 6-weeks and 3-months follow-up: ‘Are you able to participate in sports with your 
knee at this moment?’ The answers were categorised to: ‘yes, on the same level as before the 
knee trauma’, ‘yes, on an adapted level’, ‘no, not able to participate in sports because of the knee 
complaints’, ‘no, not able to participate in sports because of another reason’, and ‘not applicable, 
I do not sport’. Afterwards, the answers were dichotomised to ‘No return to sports’ (not able to 
participate in sports because of the knee complaints) or ‘Return to sports’ (sports at the same 
level as before the knee trauma, or at an adapted level).

Baseline variables
At baseline information on the following characteristics were collected: age, gender, height, 
weight, educational level (low/high), musculoskeletal co-morbidity (yes/no) previous knee 
complaints (yes/no), symptom side (right/left), paid job (yes/no), and hours spent on the paid 
job per week. Also, information on the date, occasion (sport/job/home/traffic/other) and the 
mechanism (fall/rotation/bump/squatting) of the knee trauma were assessed and dichotomised 
to: trauma during sport (yes/no) and rotational trauma (yes/no). In addition, the following were 
also assessed: the type of sport (ball sport: yes/no), hours of sport per week, and whether the 
sport was played in competition before knee trauma (yes/no).

Baseline scores of outcome measures
The baseline scores of the following outcome measures were used to assess the severity of knee 
complaints:
i) the numeric pain rating scale (NPRS; scores ranging from 0 (no pain) to 10 (unbearable pain)), 

for the average severity of knee pain during the previous 48 hours and the previous week12

ii) the Lysholm scale (primary outcome measure of the TACKLE Trial) comprising 8 items on 
symptoms and limitations in activities (scores ranging from 0-100, with higher scores indicat-
ing better knee function13

iii) a modified Tegner score to measure work load and sport participation, ranging from 0 (not 
able to work/sport due to knee complaints) to 10 (complete return to work/sports)13

iv) the five dimensions of the Knee Injury and Osteoarthritis Outcome Score (KOOS) to measure 
disability due to knee complaints14; the KOOS consists of five dimensions (pain, symptoms, 
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function in daily living, function in sport and recreation, and knee-related quality of life) rated 
on a scale from 0-4: for every dimension, a score is calculated on a scale from 0-100 with a 
higher score indicating better knee function

v) the shortened version of the Tampa scale that measures fear of pain, movement and injury 
(TSK-11), scored from 1 (strongly disagree) to 4 (strongly agree)15,16; the total score ranges 
from 11-44, with a higher score indicating more fear regarding pain, movement and injury.

MR findings
MR findings were scored by one of the 12 participating (experienced) radiologists at a median of 
13 (IQR 8, 20) days after inclusion. The following items were scored: the amount of synovial fluid 
(effusion) , abnormalities in soft tissues, meniscal injuries, anterior and posterior cruciate liga-
ment ruptures, medial and lateral collateral ligament distortions and bone and cartilage injuries. 
The MR findings were dichotomised to the presence or absence of effusion, a bone bruise of the 
femorotibial joint (FTJ), fracture, traumatic meniscal tear (longitudinal, radial or complex menis-
cal tear), grade I-III distortion of the medial or lateral collateral ligament (MCL/LCL), partial or 
complete anterior or posterior cruciate ligament tear (ACL/PCL) and cartilage damage grade I-IV.

Statistical analyses

Descriptive statistics were used to describe the participants. Data were tested on a normal distri-
bution with the Kolmogorov-Smirnov test. The mean and standard deviation (SD) were reported 
in case of normal distributed data and median and inter quartile range (IQR) in case of skewed 
data. The baseline associations of patient characteristics, trauma characteristics, severity of 
knee complaints and MR findings with return to sports (1=no, 0=yes) were assessed with logistic 
regression analyses, adjusted for the time from trauma to study inclusion and return to sports at 
baseline. Candidate predictors for the logistic regression analyses were selected based on expert 
consensus (PL, SBZ, NS). The number of selected candidate predictors was based on the number 
of patients in the smallest group (return to sports group, or no return to sports group).17 Separate 
models were built for patient characteristics, trauma characteristics, baseline severity of knee 
complaints and MR findings. Candidate predictors with a univariate association of p <0.2 were 
all entered into a multivariable logistic regression analysis in one block (Enter method). In case 
of multicollinearity (r.0.5) of the candidate predictors the variable with the strongest association 
(odds ratio) with no return to sports was selected for the multivariable logistic regression analysis. 
In the latter analyses, variables with p>0.2 were removed.

Variables with an association of p <0.2 in the multivariable logistic regression analysis of the 
separate models were selected for a final multivariable logistic regression analysis (Enter method) 
with a combination of patient characteristics, trauma characteristics and baseline severity of knee 
complaints. Finally, the MR findings were added to the combined model to assess the additive value 
of an MR scan. A receiver operating characteristic curve was created and the area under the curve 
(AUC) was calculated to compare the separate models.18 SPSS version 21.0 was used for all analyses.
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ReSuLTS

Patient inclusion

Figure 1 is a flow chart of the process. Eight hundred and thirty-six patients were invited to 
participate in the TACKLE trial. Of the 356 patients included in the RCT, 282 (79%) participated in 
sports before the knee trauma and were included in the present study. At 6-weeks and 3-months 
follow-up, 250 (89%) and 235 (83%) patients, respectively, were available for analysis.

 

Eligible patients 

n=356 

Study population n=282 

Return to sports n=108 (38%) 

No return to sports n=174 (62%) 

 

No sport before trauma: n=74 

3-month follow-up n=235 (83%) 

Return to sports n=175 (74%) 

No return to sports n=60 (26%) 

 

 

Excluded: n=32 

Did not sport due to other 
reasons n=7 

Lost to follow-up n=25 

 

Excluded: n=47 

Did not sport due to 
reasons n=8 

Lost to follow-up n=39 

6-week follow-up n=250 (89%) 

Return to sports n=147 (59%) 

No return to sports n=103 (41%) 

 

Figure 1 Flowchart of the process
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Baseline characteristics

Baseline characteristics are presented in Table 1. Median age was 32 (IQR 26, 39) years and 63% 
of the patients was male. Median time from trauma to study inclusion was 39 (IQR 13, 80) days. 
The four most commonly performed sports before trauma were: i) soccer, ii) fitness training or 
aerobics, iii) athletics or running, and iv) combat sport with 99 (35%), 60 (21%), 40 (14%) and 
16 (6%) patients, respectively. For 188 (67%) patients the trauma occurred during sports, and in 
total, 114 (40%) patients experienced a rotational trauma.

Table 1 Baseline characteristics of included patients (n=282)

Patient characteristics Study population

Age in years, median (IQR) 32 (26, 39)

Male gender 178 (63%)

Body mass index, median (IQR) 24.6 (22.7, 26.9)

High educational level 117 (41%)

Musculoskeletal comorbidities 63 (22%)

Previous knee complaints 116 (41%)

Time from trauma to study inclusion in days, median (IQR) 39 (13, 80)

Symptom on the right knee 128 (45%)

Sports before trauma 282 (100%)

Hours spent on sport per week, median (IQR) 3 (2, 5)

Ball sport 126 (45%)

Sport in competition 124 (44%)

Soccer 99 (35%)

Fitness training/aerobics 60 (21%)

Athletics/running 40 (14%)

Combat sport 16 (6%)

Paid job before trauma 252 (89%)

Hours spent on paid job per week, median (IQR) 38 (30, 40)

Trauma characteristics

Occasion of trauma

During sports 188 (67%)

During work 18 (6%)

At home 12 (4%)

During traffic 24 (9%)

Other 40 (14%)

Mechanism of trauma

Fall 72 (26%)

Rotation 114 (40%)

Bump 19 (7%)

Squatting 24 (9%)

Other 51 (18%)
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Of the 282 patients included at baseline, 138 (49%) had received an MR scan (Table 2). Median 
time from trauma to MR scan was 48 (IQR 23, 88) days. In 114 (83%) patients one or more 
abnormalities were detected on the MR scan. In 50 (36%) patients there was a bone bruise of 
the FTJ and in 11 (8%) there was a (micro) fracture; also 25 (18%) patients had a traumatic (not 
horizontal) meniscal tear, 24 (17%) had an MCL/LCL distortion, 34 (25%) had an ACL/PCL tear, and 
31 (22%) patients had cartilage defect.

Return to sports

At baseline, 108 (38%) patients returned to sport on the pre-injury level or an adapted level). At 
6-weeks and 3-months follow-up 147 (59%) and 175 (74%) patients, respectively, returned to 
sports.

Associations with no return to sports

The results of the bivariate logistic regression analyses for return to sports are presented in the 
Appendix. The results of the multivariable logistic regression analyses for no return to sports are 
shown in Table 3.

Table 1 Baseline characteristics of included patients (n=282) (continued)

Patient characteristics Study population

Immediate pain 208 (74%)

Immediate effusion 72 (26%)

Continuation activity impossible 196 (70%)

Popping sensation during trauma 89 (35%)

Severity of knee complaints

Severity of knee pain (NPRS previous 48h), median (IQR) 3 (5, 7)

Symptoms and limitations in activities (Lysholm), median (IQR) 73 (56, 85)

Work load and sport participation (Tegner), median (IQR) 3 (2, 4)

Fear of pain, movement and injury (TSK-11), median (IQR) 26 (22, 30)

KOOS pain, median (IQR) 58.3 (44.4, 75)

KOOS symptoms, median (IQR) 64.3 (46.4, 78.6)

KOOS function in daily living, median (IQR) 69.1 (50, 85.7)

KOOS sport and recreation, median (IQR) 30 (15, 55)

KOOS quality of life, median (IQR) 43.8 (37.5, 50)

Data are presented as numbers (percentages), unless otherwise stated. Missing values ranged up to 0.7%. 
IQR: inter-quartile range. NPRS: Numeric Pain Rating Scale with scores from 0-10, with a higher score indicat-
ing more pain. Lysholm scale scored from 0-100, with a higher score indicating less problems. TSK-11: Short-
ened version of the Tampa scale for kinesiophobia scored from 11-44, with a higher score indicating more 
kinesiophobia. KOOS: Knee injury and Osteoarthritis Outcome Score ranging from 0-100, with a higher score 
indicating less problems.
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Patient characteristics
At 6-weeks follow-up, ‘age’, ‘musculoskeletal comorbidities’ and ‘ball sport before trauma’ pre-
dicted no return to sports with an AUC of 0.85 (95%CI:0.80-0.89). At 3-months follow-up only 
‘age’ predicted no return to sports with an AUC of 0.73 (95%CI:0.66-0.80).

Trauma characteristics
At 6-weeks follow-up, ‘trauma during sport’, ‘rotational trauma’ and ‘popping sensation’ pre-
dicted no return to sports with an AUC of 0.84 (95%CI:0.79-0.89). At 3-months follow-up, ‘trauma 
during sport’, ‘rotational trauma’ and ‘popping sensation’ predicted no return to sports with an 
AUC of 0.78 (95%CI:0.71-0.85).

Baseline severity of knee complaints
At 6-weeks follow-up, ‘effusion during previous week’, ‘NPRS previous 48h’ and the ‘Tegner score’ 
predicted no return to sports with an AUC of 0.83 (95%CI:0.78-0.88). At 3-months follow-up ‘ef-
fusion during previous week’, ‘NPRS previous 48h’ and ‘KOOS QoL’ predicted no return to sports 
with an AUC of 0.81 (95%CI:0.75-0.87).

Table 2 Knee Magnetic Resonance findings of the 138 patients with the MR scan

Findings on Magnetic Resonance scan Study population

Time from trauma to MR-scan in days, median (IQR) 48 (23, 88)

Abnormalities present 114 (83%)

Effusion 58 (42%)

Bone bruise FTJ 50 (36%)

(Micro) fracture 11 (8%)

Traumatic meniscal tear1 25 (18%)

MCL/LCL distortion2 24 (17%)

ACL/PCL tear3 34 (25%)

Cartilage damage4 31 (22%)

Combinations

ACL/PCL tear and bone bruise FTJ 24 (17%)

Traumatic meniscal tear and bone bruise FTJ 13 (9%)

Traumatic meniscal tear and ACL/PCL tear 12 (9%)

MCL/LCL distortion and bone bruise FTJ 11 (8%)

Data are presented as numbers (percentages), unless otherwise stated. Missing values ranged up to 1.4%. 
MR: magnetic resonance. IQR: inter quartile range. FTJ: femorotibial joint. MCL: medial collateral ligament. 
LCL: lateral collateral ligament. ACL: anterior cruciate ligament. PCL: posterior cruciate ligament. 1Longitudi-
nal, radial or complex meniscal tear. 2Grade I-III. 3Partial or complete tear. 4grade I-IV.



70 Chapter 5

Table 3 Multivariable logistic regression analysis for return to sports

6-week follow-up (n=250) 3-month follow-up (n=235)

OR 95% CI OR 95% CI

Patient characteristics Patient characteristics

Time from trauma to inclusion 1.00 0.99-1.01 Time from trauma to inclusion 1.00 0.99-1.01

Return to sports at baseline 0.04 0.01-0.10* Return to sports at baseline 0.12 0.04-0.31*

Age 1.10 1.05-1.15* Age 1.04 1.00-1.08**

MSK comorbidities 2.04 0.91-4.57**

Ball sport before trauma 2.23 1.14-4.33*

AUC = 0.85 (95% CI 0.80-0.89). R2=0.46 AUC = 0.73 (95% CI 0.66-0.80). R2=0.20

Trauma characteristics Trauma characteristics

Time from trauma to inclusion 1.01 1.00-1.01 Time from trauma to inclusion 1.00 0.99-1.01

Return to sports at baseline 0.04 0.02-0.11* Return to sports at baseline 0.12 0.04-0.33*

Trauma during sport 1.89 0.96-3.72** Trauma during sport 2.50 1.16-5.39*

Rotational trauma 1.64 0.85-3.16** Rotational trauma 1.84 0.92-3.69**

Popping sensation 2.11 1.07-4.14* Popping sensation 1.97 1.00-3.91*

AUC = 0.84 (95% CI 0.79-0.89). R2=0.43 AUC = 0.78 (95% CI 0.71-0.84). R2=0.27

Baseline severity of knee complaints1 Baseline severity of knee complaints2

Time from trauma to inclusion 1.00 1.00-1.01 Time from trauma to inclusion 1.00 0.99-1.01

Return to sports at baseline 0.09 0.04-0.24* Return to sports at baseline 0.25 0.09-0.68*

Effusion previous week 1.83 0.93-3.62** Effusion previous week 2.49 1.14-5.41*

NPRS previous 48h 1.26 1.08-1.48* NPRS previous 48h 1.30 1.09-1.55*

Tegner score 0.89 0.76-1.05** KOOS QoL 0.97 0.94-1.00**

AUC = 0.83 (95% CI 0.78-0.89). R2=0.44 AUC = 0.81 (95% CI 0.75-0.87). R2=0.32

Magnetic Resonance subgroup (n=128) Magnetic Resonance subgroup (n=121)

Findings on Magnetic Resonance scan3 Findings on Magnetic Resonance scan 4

Time from trauma to inclusion 1.00 0.99-1.01 Time from trauma to inclusion 1.01 1.00-1.02

Return to sports at baseline 0.08 0.02-0.27* Return to sports at baseline 0.14 0.04-0.53*

Effusion 2.55 1.07-6.09* Effusion 2.71 1.02-7.21*

Traumatic meniscal tear 2.17 0.71-6.66** Traumatic meniscal tear 3.10 1.01-9.49*

MCL/LCL distortion 0.35 0.10-1.26**

AUC = 0.80 (95% CI 0.72-0.87). R2=0.37 AUC = 0.79 (95% CI 0.70-0.88). R2=0.29

Adjusted for time from trauma to inclusion and baseline return to sports. Missing values ranged up to 1.6%. 
MR: magnetic resonance. 95% CI; 95% confidence interval. OR: odds ratio. AUC: area under the curve. 
*P=<0.05. **P=<0.20. MSK: musculoskeletal. NPRS: Numeric Pain Rating Scale on a scale from 0-10, with a 
higher score indicating more pain. KOOS: Knee injury and Osteoarthritis Outcome Score ranging from 0-100, 
with a higher score indicating less problems. QoL: quality of life. Tegner score from 0-10, with a higher score 
indicating less problems. MCL/LCL distortion: distortion of the medial or lateral collateral ligament. 1‘KOOS 
QoL’ removed because of p>0.2. 2‘TSK-11’ removed because of p>0.2. 3‘BML FTJ’ and ‘fracture’ removed be-
cause of p>0.2. 4‘ACL/PCL tear’ removed because of p>0.2.
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MR findings
At 6-weeks follow-up, ‘effusion’ and ‘traumatic meniscal tear’ predicted no return to sports with 
an AUC of 0.80 (95%CI:0.72-0.87). At 3-months follow-up, ‘effusion’, ‘traumatic meniscal tear’ and 
‘MCL/LCL distortion’ predicted no return to sports with an AUC of 0.79 (95%CI:0.70-0.87).

Additive value of the Magnetic Resonance scan
The results of the multivariable logistic regression analyses for return to sports of the combined 
models and the additive value of the MR scan are shown in Table 4.

Combining the model of patient characteristics, trauma characteristics and baseline severity of 
knee complaints, the AUC was 0.86 (95%CI:0.81-0.90) at 6-weeks follow-up and 0.82 (95%CI:0.76-
0.88) at 3-months follow-up. When adding the MR information, the AUC was 0.79 (95%CI:0.71-
0.87) at 6-weeks follow-up and 0.79 (95%CI:0.70-0.88) at 3-months follow-up.

Table 4 Multivariable logistic regression analysis of the combined models for return to sports

6-week follow-up (n=250) 3-month follow-up (n=235)

OR 95% CI OR 95% CI

Patient characteristics, trauma characteristics and 
baseline severity of knee complaints1

Patient characteristics, trauma characteristics and 
baseline severity of knee complaints2

Time from trauma to inclusion 1.00 0.99-1.01 Time from trauma to inclusion 1.01 1.00-1.02

Return to sports at baseline 0.05 0.02-0.13* Return to sports at baseline 0.19 0.07-0.52*

Age 1.09 1.04-1.14* Trauma during sport 2.58 1.17-5.72*

NPRS previous 48 h 1.32 1.12-1.54* Effusion previous week 2.77 1.27-6.05*

NPRS previous 48 h 1.33 1.12-1.59*

AUC = 0.86 (95% CI 0.81-0.90). R2=0.47 AUC = 0.82 (95% CI 0.76-0.88). R2=0.33

Magnetic Resonance subgroup (n=128) Magnetic Resonance subgroup (n=121)

Patient characteristics, trauma characteristics, 
baseline severity of knee complaints and Magnetic 
Resonance findings3

Patient characteristics, trauma characteristics, baseline 
severity of knee complaints and Magnetic Resonance 
findings4

Time from trauma to inclusion 1.00 0.99-1.01 Time from trauma to inclusion 1.01 0.99-1.02

Return to sports at baseline 0.04 0.02-0.10* Return to sports at baseline 0.23 0.06-0.83*

Age 1.09 1.04-1.14* NPRS previous 48 h 1.29 1.04-1.61*

Traumatic meniscal tear 5.43 1.77-16.62*

AUC = 0.79 (95% CI 0.71-0.87). R2=0.36 AUC = 0.79 (95% CI 0.70-0.88). R2=0.28

Adjusted for time from trauma to inclusion and baseline return to sports. Missing values ranged up to 1.6%. 
MR: magnetic resonance. 95% CI; 95% confidence interval. OR: odds ratio. AUC: area under the curve. 
*p=<0.05. NPRS: Numeric Pain Rating Scale on a scale from 0-10, with a higher score indicating more pain. 
1‘Ball sport before trauma’, ‘trauma during sports’, ‘rotational trauma’, ‘popping sensation’ and ‘Tegner score’ 
removed because of p>0.05. 2’Age’, ‘MSK comorbidities’, ‘effusion during previous week’, ‘rotational trauma’, 
‘popping sensation’ and ‘KOOS QoL’ removed because of p>0.05. 3‘NPRS previous 48h’, ‘effusion on MR scan’ 
and ‘traumatic meniscal tear’ removed because of p>0.05. 4’Trauma during sport’, ‘effusion previous week’, 
effusion on MR scan and ‘MCL/LCL distortion’ removed because of p>0.05.
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dISCuSSIoN

Main findings

The results of this study show that, at 6-weeks follow-up 41% of the patients aged 18-45 years 
with traumatic knee complaints reported not to have returned to sports. After 3 months, one in 
four patients was still not able to return to sports.

Adding MR findings to the patient characteristics, trauma characteristics and baseline severity 
of knee complaints did not improve the prediction of no return to sports at 6-weeks or 3-months 
follow-up.

Comparison with literature

We found no studies focusing on return to sports in patients with traumatic knee complaints seen 
in general practice. In secondary care, in a pair-matched comparison of conservatively treated 
patients with ACL injuries versus ACL reconstruction, a return to sports rate of 68% was seen after 
one year in the conservative group; this persentage was not significantly different between the 
groups.19 The rate is lower than the 74% found in our study at 3-months follow-up. However, our 
population included patients with all types of intra/extra-articular damage due to a trauma, in 
which only 34 (34.5%) patients had an ACL/PCL tear. The return to sport percentages for patients 
with traumatic knee complaints after surgery are even lower: i.e. 55% of the patients returned to 
sports after ACL reconstruction20 and 61% after arthroscopic lateral meniscectomy.21

In patients after ACL reconstruction, younger age, male gender, playing elite sport and having a 
positive psychological response favoured returning to the preinjury level of sport.20,22 In our study, 
there was no association between the Tegner score and the TAMPA scale with no return to sports. 
Possibly, these factors play an important role in the return to pre-injury level of sports, but not in 
the return to an adapted level of sports.

In this study, an MR scan had no additive value to patient/trauma characteristics and severity 
of knee complaints in predicting no return to sports at 6-weeks and 3-months follow-up. Possibly, 
an MR scan can be additive in revealing information regarding the underlying cause of the knee 
complaints which can be important in a later stage, for example in predicting re-injury. Our finding 
is however in accordance with a recent study on the absence of an additive value of an MR scan 
in the prediction of recovery in patients with low back pain in general practice.23

Strengths and limitations

In this study, the p-value for the selection of variables for the multivariable analysis was set at 0.2. 
This might have caused a type 1 error; however, the number of variables tested were limited in 
the ratio of one per 10 patients. The final model of patient characteristics, trauma characteristics 
and baseline severity of knee complaints was used in the subgroup of patients to assess the 
additive value of MR scan. Although we did not validate the model in the subgroup, the groups 
were based on randomisation and there were no differences in patient characteristics between 
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the groups (with exception of the time from trauma to study inclusion, for which the analyses 
were adjusted: data not shown).

However, to our knowledge, this is the first study on return to sports in patients with traumatic 
knee complaints in general practice. These results of our study emphasise the difficulty patients 
with traumatic knee complaints have with return to sports. Identification of important predic-
tors for no return to sports may serve to improve the treatment of patients with traumatic knee 
complaints in general practice.

Implications

Future research should focus on all potential biological, psychological and social factors influenc-
ing return to sports. A large observational cohort with long term follow-up is needed to be able to 
give insight into which factors are associated with no return to sports on a pre-injury level.

Until then, based on the results of our study, the general practitioner can use the information 
gather during history taking on patient characteristics, trauma characteristics, and the amount of 
pain to inform patients about the odds of retuning to sports. Subsequently, the GP may consider 
to refer patients at high risk of no return to sports to physiotherapy. At 6-weeks, for patients 
who are older and have more pain the odds of return to sports decreases and at 3-months, for 
patients who experienced a trauma during sport, who had effusion during the previous week 
and in patients with more pain the odds of return to sports decreases. However, the general 
practitioner has to be aware that there may be other factors which we have not measured that 
may contribute to no return to sports.

CoNCLuSIoN

The results of this study show that 41% of the patients aged 18-45 years with traumatic knee 
complaints reported not to have returned to sports at 6-weeks follow-up and 26% of the patients 
reported not to have returned to sports at 3-months follow up. A combination of patient/trauma 
characteristics and knee complaints predicted no return to sports with an AUC of 0.86 at 6-weeks 
and of 0.82 at 3-months follow-up, whereas MR findings had no additive value (AUC 0.79 both at 
6-weeks and 3-months follow-up).

Implications

• The odds of no return to sports at three months follow-up increases for patients who 
experienced a trauma during sport, for patients with more pain at baseline and for 
patients who reported effusion at baseline.

• Magnetic resonance findings has no additive value in predicting return to sports.
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ABSTRACT

Background: To determine whether referral to magnetic resonance (MR) imaging by the general 
practitioner (GP) is non-inferior to usual care (no access to MR imaging by GPs) in patients with 
traumatic knee complaints regarding knee-related daily function.

Methods: This was a multi-centre, non-inferiority randomised controlled trial with 1-year follow-
up. GPs invited eligible patients during or after their consultation. Eligible patients (18-45 years) 
consulted a GP with knee complaints due to a trauma during the previous 6 months. Patients 
allocated to the MR group received MR examination at (median) 7 (IQR 1-33) days after the 
baseline questionnaire. Patients in the usual care group received information on the course of 
knee complaints, and a referral to a physiotherapist or orthopaedic surgeon when indicated. The 
primary outcome measure was knee-related daily function measured with the Lysholm scale (0 to 
100; 100=excellent function) over 1 year, with a non-inferiority margin of 6 points.

Results: A total of 356 patients were included and randomised to MR imaging (n=179) or usual 
care (n=177) from November 2012 to December 2015. MR imaging was non-inferior to usual care 
concerning knee-related daily function during 1-year follow-up, for the intention-to-treat (overall 
adjusted estimate: 0.33; 95% CI -1.73 to 2.39), and per-protocol (overall adjusted estimate: 0.06; 
95% CI -2.08 to 2.19) analysis. There were no differences between both groups in the amount of 
patients visiting other healthcare providers.

Conclusions: MR imaging in general practice in patients with traumatic knee complaints was non-
inferior to usual care regarding knee-related daily function during 1-year follow-up.

Trial registration number: Dutch Trial Registration: NTR3689.
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INTRoduCTIoN

Patients with traumatic knee complaints often consult a general practitioner (GP).1 In the Nether-
lands, the usual care of the GP consists of information on the course of knee complaints, advice 
regarding pain medication, and (when indicated) referral to a physiotherapist. In case of persistent 
knee complaints patients are referred to an orthopaedic surgeon.2 However, MR imaging is in-
creasingly used in general practice, allowing a more specific diagnosis to be made based on an MR 
scan than on history taking and physical examination. For anterior cruciate ligament (ACL) tears, 
MR imaging has a sensitivity of 87% and a specificity of 93%; for medial meniscal tears this is 89% 
and 88%, respectively; and for lateral meniscal tears this is 78% and 98%, respectively in patients 
with suspected ACL and/or meniscal tears.3 In addition, MR imaging in secondary care decreases 
the number of diagnostic arthroscopies.4,5 MR imaging might also be a valuable diagnostic tool for 
GPs, preventing unnecessary orthopaedic referrals. On the other hand, MR imaging of the knee in 
general practice may lead to incidental asymptomatic findings, especially in case of degenerative 
meniscal lesions6, with subsequent unnecessary healthcare costs as well as worried patients.

Although GPs increasingly use MR imaging for patients with traumatic knee complaints, the 
efficacy of adding an MR scan in general practice has not yet been determined. Whether (or not) 
MR imaging should enter the diagnostic pathway in primary care through direct access by the GP 
depends on if it is not therapeutically worse than the usual care in conjunction with the influence 
on subsequent management. Therefore, the primary aim of this randomised controlled trial (RCT) 
was to determine whether MR imaging requested by the GP was non-inferior to usual care in 
patients with persistent traumatic knee complaints with regard to knee-related daily function 
over a 1-year period.

MeThodS

design, study population and patient involvement

This study was approved by the Medical Ethical committee of the Erasmus Medical Center, 
University Medical Centre with file number NL40296.078.12. The study protocol was published 
earlier.7

There were some changes to the study protocol after the trial commenced:
• The concurrent observational cohort to assess the generalisability of the findings, where we 

planned to invite patients who were eligible but declined randomisation, was terminated 
during the recruitment period. Providing patients with a choice between the RCT and the 
observational cohort was not feasible in the clinical practice of the GPs responsible for inviting 
potential patients to participate in the trial, which resulted in fewer inclusions than antici-
pated.
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• Based on the clinical guideline ‘Traumatic knee complaints’ issued by the Dutch College of 
GPs and expert consensus in the research group (consisting of GPs, radiologists, and ortho-
paedic surgeons), we planned to include patients with ‘persistent’ knee complaints, which we 
defined as knee complaints present for at least 4 weeks. This time constraint was abandoned 
since, according to the participating GPs, it did not reflect daily practice.

• During the recruitment period, the sample size was reduced from a total of 520 to 360 pa-
tients (see: ‘Sample size calculation’).

In this multi-centre, open labelled, randomised controlled non-inferiority trial, 150 GPs from the 
western part of the Netherlands were asked to invite eligible patients during their consultation to 
participate in the trial. Additionally, patients were invited after searching the electronic records 
of GPs for knee classification codes, thereby identifying potential participants which were missed 
during the consultation. Eligible patients were aged 18-45 years, who (re)consulted their GP with 
knee complaints (pain and/or disability) due to a trauma or a sudden onset (e.g. rotational trauma, 
or trauma during fall) in the preceding 6 months. Excluded were patients with: i) an indication for 
direct referral to an orthopaedic surgeon (i.e. fracture or acute locked knee), ii) knee complaints 
already treated in secondary care, iii) previous surgical intervention of the affected knee, iv) knee 
osteoarthritis diagnosed by a medical specialist, v) other non-traumatic arthropathy (i.e. isolated 
patellofemoral joint pain), vi) a previous MR scan for current knee complaints, or vii) contra-
indications for MR imaging.

Patients were not involved in the design, recruitment or conduct of this study.

Randomisation and masking

Patients who signed informed consent and finished the baseline questionnaire were randomly 
assigned to usual care or to MR imaging by one of the researchers (KvO or NS), with random 
blocks of 4 and 6. A randomisation table generated by the computer was made by an independent 
person and was not accessible for the researchers, assuring concealed allocation. Due to the 
study procedures, blinding of the patients, caregivers, and researchers conducting the analyses 
was not possible.

Interventions

Patients in the usual care group received treatment according to the clinical guideline ‘Traumatic 
knee complaints’ issued by the Dutch College of GPs (without MR imaging). This guideline advises 
to inform the patient about the course of the knee complaints, to load the knee within the pain 
threshold, and to refer the patient to a physiotherapist when indicated.2 In case of persistent knee 
complaints, the GP can refer the patient to an orthopaedic surgeon, who may request an MR scan 
or perform an arthroscopy or surgery.8

Patients allocated to MR imaging were referred to one of the participating MR centres, where 
images were made on a 1.5 Tesla system in the coronal, sagittal and transversal plane. T1 and 
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PD-weighted sequences were used, with or without fat suppression. The radiologists used a 
standardised report to classify the MR findings. The standardised report generated a treatment/
referral advice for the GP; to refer the patient to an orthopaedic surgeon or to continue treatment 
in primary care. The GP received the details of possible pathology together with the treatment 
advice and decided, in conjunction with the patient, whether or not referral was indicated, based 
on the advice of the radiologist and the clinical findings. For more details on the interventions and 
the standardised report, see the previously published study protocol.7

outcomes

At baseline, data were collected on age, gender, weight, educational level, co-morbidity, the time 
from trauma to study inclusion, previous knee complaints, trauma characteristics and MR find-
ings. Primary and secondary outcomes were collected at baseline, at 6 weeks, and at 3, 6, 9, and 
12-months follow-up.

Primary outcome

Patients’ knee-related daily function during the first year measured with the Lysholm scale was 
the primary outcome. The Lysholm scale comprises eight items (effusion, locking, walking, use of 
crutches, stair climbing, kneeling, instability, and pain) on symptoms and limitations in activities. 
Scores range from 0 to 100, with higher scores indicating better knee function.9

Secondary outcomes

Patients’ generic quality of life was measured with the EuroQol 5-Dimensions (EQ-5D). The EQ-5D 
contains five items enquiring mobility, self-care, usual activities, pain/discomfort, anxiety/depres-
sion, and a visual analogue scale to assess the general health status. A score is calculated on a 
scale from -0.329 to 1, with higher scores indicating a better health status.10

The Knee Injury and Osteoarthritis Outcome Score (KOOS) was used to measure the disability 
due to knee complaints. The KOOS contains five dimensions: pain, symptoms, function in daily 
living, function in sport and recreation, and knee-related quality of life. For each dimension, a 
score is calculated on a scale from 0 to 100, with higher scores indicating better knee function.11

The severity of knee pain during the previous 48 hours was measured with the numeric pain 
rating scale (NPRS), on a scale from 0 to 10; a higher score indicated more severe knee pain.12

Perceived recovery and patient satisfaction were measured on a 7-point Likert scale13 and 
dichotomised to recovered (completely recovered and much improved) or not recovered (slightly 
improved, improved nor deteriorated, slightly deteriorated, much deteriorated, and completely 
deteriorated) and satisfied (absolutely satisfied or very satisfied) or not satisfied (slightly satisfied, 
satisfied nor dissatisfied, slightly dissatisfied, very dissatisfied, and absolutely dissatisfied).

The dichotomised (yes/no) provided healthcare was measured using the Medical Consumption 
Questionnaire from the Institute for Medical Technology Assessment (iMCQ). The iMCQ includes 
questions concerning contacts with healthcare providers and was adjusted to fit our population.14
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Sample size calculation

Initially, we choose a non-inferiority margin of 4.8 points on the Lysholm scale, as the 95% CI in 
the reference study lies within 4.8 points from the mean difference.15 However, the margin was 
adapted to 6 points on the Lysholm scale in dialogue with the funding party (the Netherlands 
Organisation for Health Research and Development), because the number of included patients 
during the recruitment period of the study was too low. Six points is still substantially lower 
than the 10 to 15 point difference considered to be clinically relevant on the Lysholm scale.16 
To detect non-inferiority of MR imaging to usual care with 80% power, a 2-sided alpha of .05, a 
non-inferiority margin of 6 points and a response rate of 95%, 180 patients for each trial group 
were needed.

Statistical analyses

Success of the randomisation and distribution of the baseline variables was assessed. Non-infe-
riority of MR imaging over usual care was accepted if the upper bound of the 95% CI around the 
estimated difference on the Lysholm scale between the groups during the 1-year follow-up was 
below 6 points. Linear mixed models (LMM) with repeated measurements were used to calculate 
group differences over time for the continuous outcomes. An unstructured covariance structure 
was chosen, based on the lowest number regarding the Akaike’s information criterion. Effect sizes 
were calculated by dividing the estimates derived from the LMM with repeated measurements 
by the pooled SD of the baseline scores. Generalized estimation equations (GEE) were used to 
calculate group differences for perceived recovery and patient satisfaction, presented as odds 
ratios (OR) with a 95% CI. All analyses were adjusted for clinically relevant baseline differences of 
10% or more between the groups. Group differences for the total number of patients referred to 
other healthcare providers were assessed with survival analyses according to the Kaplan-Meier 
method with two-sided log-rank statistics. For non-inferiority trials, the deficiencies in study 
conduct may bias the study toward a conclusion of non-inferiority.17 Therefore, both intention-to-
treat and per-protocol analyses were performed for the outcomes. Per protocol was defined as 
receiving an MR scan requested by the GP (initiated by the study protocol) in the MR group versus 
receiving no MR scan requested by the GP in the usual care group. In the per-protocol analyses, 
also patients who received an MR scan in the usual care group, but for whom it was unknown 
who requested the MR scan, were removed (n=10). Missing values were not explicitly imputed, 
since LMM and GEE take missing values into account. All analyses were performed using SPSS 21 
(SPSS Inc., Armonk NY, USA).
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ReSuLTS

Participant flow

From November 2012 to December 2015, 356 patients were included and randomised to MR 
imaging (n=179) or usual care (n=177) (figure 1). In the MR group, 174 patients received the 
protocol-initiated MR scan with a median time from baseline to MR imaging of 7 (IQR 1-33) days. 
Reasons for not receiving the MR imaging were ‘no show’ (n=3), ‘pregnancy’ (n=1), and ‘personal 
circumstances’ (n=1). Five patients (3%) were lost to follow-up; reasons for this were ‘no time to 
fill in questionnaires’ (n=1), and ‘lost motivation’ (n=5).

In the usual care group, 157 patients received usual care and 20 patients received an MR scan. 
From the 20 patients receiving an MR scan, in 10 patients the MR scan was requested by the GP, 
and in 10 patients, the information on the requester was missing). Nineteen patients (11%) were 
lost to follow-up; reasons for this were ‘no time to fill in questionnaires’ (n=5), ‘dissatisfied’ (n=8), 
and ‘lost motivation’ (n=6). For the intention-to-treat analyses, 179 patients were analysed in 
the MR group and 177 in the usual care group. For the per-protocol analyses, 174 patients were 
analysed in the MR group and 157 in the usual care group.

Baseline data and MR findings

The baseline characteristics of the patients are presented in table 1. The mean age was 32.8 
(SD 8.3) years in the MR group and 32.4 (SD 8.0) years in the usual care group. In the MR group, 
112 patients (63%) were male, and in the usual care group 110 patients (62%) were male. The 
mean Lysholm scores were 68.1 (SD 19.6) and 70.5 (SD 19.1) in the MR and usual care group, 
respectively. There were no clinically relevant differences between the groups at baseline, except 
for the time from trauma to study inclusion; with a median of 34 (IQR 12-75) days in the MR 
group, and 44 (IQR 19-82) days in the usual care group, for which the analyses were adjusted.

The MR findings of the patients randomised to receive MR imaging are presented in appendix 
1. In 89 patients (51%) there were positive MR findings, resulting in an advice to refer the patient 
to an orthopaedic surgeon. The most frequent findings seen on MR imaging were effusion (71 
patients, 41%), a bone bruise (60 patients, 35%), a medial meniscal tear (42 patients, 24%), an ACL 
tear (38 patients, 22%), and cartilage abnormalities (39 patients, 22%).

Primary outcome

Appendix 2 shows the observed course of the Lysholm scale. The results for the adjusted LMM 
analyses with repeated measurements for the intention-to-treat and per-protocol approach are 
presented in table 2. MR imaging was non-inferior to usual care concerning knee-related daily 
function measured with the Lysholm scale, during the 1-year follow-up for the intention-to-treat 
(overall adjusted estimate: 0.33; 95% CI -1.73 to 2.39) and per-protocol analysis (overall adjusted 
estimate: 0.06; 95% CI -2.08 to 2.19) (figure 2).



86 Chapter 6

 

Analysed 
Intention to treat n=179 
Per protocol n=174 

Lost to follow-up (n=5): 
- No time to fill in questionnaires 

(n=1) 
- Lost motivation (n=4) 

Response rate: 

6 weeks 168/179 94% 
3 months 162/179 91% 
6 months 152/179 85% 
9 months 139/179 78% 
12 months 155/179 87% 

 

MR group (n=179) 
Received protocol initiated MR scan (n=174) 
Did not receive protocol initiated MR scan (n=5) 

- No show (n=3) 
- Pregnancy (n=1) 
- Personal circumstances (n=1) 

Lost to follow-up (n=19): 
- No time to fill in questionnaires (n=5) 
- Dissatisfied (n=8) 
- Lost motivation (n=6) 

Response rate: 

6 weeks 153/177 86% 
3 months 141/177 80% 
6 months 127/177 72% 
9 months 111/177 63% 
12 months 133/177 75% 

 

Usual Care group (n=177) 
Received usual care (n=157) 
Received MR scan requested by the GP (n=10) 
Received MR scan, requester unknown (n=10) 

Analysed 
Intention to treat n=177 
Per protocol n=157 
d (n=177) 

Analyses 

Follow-up 

Allocation 

Assessed for eligibility (n=836) 

- Excluded  (n=480) 
- Not meeting inclusion criteria 

(n=311) 
- Declined to participate (n=121) 
- Other reasons (n=48) 

Randomised (n=356) 

Enrollment 

Figure 1 Flowchart of the study
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Table 1 Baseline characteristics of the study population

MR group (n=179) UC group (n=177)

Participant and trauma characteristics

Age years, mean (SD) 32.8 (8.3) 32.4 (8.0)

Male gender, n (%) 112 (63) 110 (62)

Body Mass Index, mean (SD) 25.3 (3.9) 25.6 (4.0)

Low educational level, n (%)† 114 (64) 114 (64)

Musculoskeletal co-morbidities, n (%)‡ 42 (24) 42 (24)

Symptom side right, n (%) 86 (48) 73 (41)

Time from trauma to study inclusion in days, median (IQR) 34.0 (11.5 to 74.5) 44.0 (19.0 to 82.0)

Previous knee complaints, n (%) 73 (41) 74 (42)

Effusion during previous week, n (%) 73 (41) 74 (42)

Trauma during sport, n (%) 107 (60) 95 (54)

Mechanism of trauma

Fall on the knee, n (%) 49 (27) 46 (26)

Rotational trauma, n (%) 71 (40) 69 (39)

Bump of the knee, n (%) 12 (7) 11 (6)

Squatting, n (%) 15 (8) 17 (10)

Other, n (%) 30 (17) 33 (19)

Immediate pain at trauma, n (%) 130 (73) 128 (72)

Immediate effusion at trauma, n (%) 44 (25) 44 (25)

Continuation activity impossible, n (%) 127 (71) 112 (63)

Popping sensation during trauma, n (%) 66 (37) 61 (35)

Primary outcome

Knee-related daily function; Lysholm Scale, mean (SD) 68.1 (19.6) 70.5 (19.1)

Secondary outcome

Quality of life; EQ-5D, mean (SD) 0.776 (0.174) 0.788 (0.171)

KOOS pain, mean (SD) 58.1 (20.3) 59.7 (20.9)

Participant characteristics

KOOS symptoms, mean (SD) 61.5 (19.6) 65.3 (21.4)

KOOS function in daily living, mean (SD) 65.8 (23.2) 68.6 (22.4)

KOOS sport and recreation, mean (SD) 35.3 (27.0) 38.2 (29.3)

KOOS quality of life, mean (SD) 44.8 (13.0) 45.7 (12.2)

Severity of knee pain; NPRS during previous 48 h, mean (SD) 4.7 (2.3) 4.5 (2.3)

MR: Magnetic resonance. UC: usual care. SD: standard deviation. IQR: Interquartile range. KOOS: Knee in-
jury and Osteoarthritis Outcome Score ranging from 0 to 100, with a higher score indicating less problems. 
Lysholm scale scored from 0 to100, with a higher score indicating less problems. EQ-5D: EuroQol 5-Dimen-
sions scored from -0.329 to 1, with a higher score indicating less problems. NPRS: numeric pain rating scale 
with scores from 0 to 10, with a higher score indicating more pain. †Defined as no education, basic education 
or secondary education. ‡ Defined as pain in the back, or one or both hip(s), feet or ankle(s).Missing values 
ranged up to 1.1%.
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Secondary outcomes

There were no differences between MR imaging and usual care concerning: i) generic quality of 
life (overall adjusted estimate: -0.001; 95% CI -0.021 to 0.019) measured with the EQ-5D, ii) KOOS 
pain (overall adjusted estimate: 1.64; 95% CI -1.22 to 4.49), iii) KOOS symptoms (overall adjusted 
estimate: 1.99; 95% CI to -0.65 to 4.63), iv) KOOS function in daily living (overall adjusted estimate: 
1.52; 95% CI -1.07 to 4.11), v) KOOS sport and recreation (overall adjusted estimate: 2.64; 95% CI 
-1.78 to 7.05), and vi) KOOS quality of life (overall adjusted estimate: 0.43; 95% CI -2.19 to 3.06) 
during the 1-year follow-up (table 3). Similarly, there were no differences during the 1-year follow-
up between MR imaging and usual care concerning the severity of knee pain during the previous 
48 hours, measured with the NPRS (overall adjusted estimate: -0.20; 95% CI -0.54 to 0.14).

Patients’ perceived recovery and satisfaction with treatment

The results of the adjusted GEE analyses with repeated measurements regarding differences 
in patient perceived recovery and satisfaction with the treatment are presented in appendix 3. 
Patients more often perceived to be recovered in the MR group compared with the usual care 
group during the 1-year follow-up (overall adjusted OR: 1.49; 95% CI 1.10 to 2.02). Also, patients 
in the MR group were more often satisfied compared with patients in the usual care group during 
the 1-year follow-up (overall adjusted OR: 1.84; 95% CI 1.31 to 2.57).

Table 2 Results of the linear mixed models analyses with repeated measurements for differences MR imaging 
and usual care for the primary outcome, adjusted for the time from trauma to study inclusion of complaints 
at inclusion

Mean (SD)*

MR group UC group

Intention-to-treat (n=179) (n=177) Coefficient (95% CI) p-value ES

Knee 6 w 76.4 (17.6) 78.7 (16.7) -0.42 (-3.52 to 2.69) .792 -0.02

function; 3 m 82.3 (14.6) 83.8 (16.8) 0.54 (-2.69 to 3.76) .743 0.03

Lysholm 6 m 86.9 (13.6) 86.9 (13.4) 0.55 (-2.43 to 3.53) .716 0.03

scale 9 m 90.1 (11.3) 89.8 (11.7) 1.22 (-1.42 to 3.86) .362 0.06

(0-100) 12 m 89.5 (12.8) 91.4 (10.4) -0.24 (-2.78 to 2.30) .851 -0.01

Overall 0.33 (-1.73 to 2.39) .753 0.02

Per-protocol (n=174) (n=157) Coefficient (95% CI) p-value ES

Knee 6 w 76.3 (17.6) 79.7 (15.9) -1.30 (-4.49 to 1.89) .423 0.07

function; 3 m 82.3 (14.7) 84.1 (17.0) 0.67 (-2.68 to 4.02) .694 0.03

Lysholm 6 m 86.9 (13.6) 87.4 (13.1) 0.20 (-2.84 to 3.24) .895 0.03

scale 9 m 90.1 (11.3) 89.8 (12.2) 1.47 (-1.31 to 4.24) .299 0.06

(0-100) 12 m 89.5 (12.8) 92.1 (10.1) -0.77 (-3.36 to 1.83) .561 -0.01

Overall 0.06 (-2.08 to 2.19) .959 0.02

MR: magnetic resonance. UC: usual care. SD: standard deviation. CI: confidence interval. ES: effect size. w: 
weeks. m: months. Lysholm scale scored from 0 to 100, with a higher score indicating less problems. *The 
means and SDs are unadjusted.
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Number of pati ents visiti ng a healthcare provider

The number of pati ents visiti ng a healthcare provider during the 1-year follow-up is presented in 
table 4. There were no diff erences between the groups in the number of pati ents revisiti ng the GP 
and the number of pati ents visiti ng other healthcare providers, however there was a diff erence 
between the groups in pati ents visiti ng any healthcare provider (i.e. revisit to GP or visit to a 
physiotherapist or visit to an orthopaedic surgeon or visit to another specialist).

 

 

 

 

 

Δ 

 0,33 (-1.73, 2.39)

0,06 (-2.08, 2.19)

Intention-to-treat

Per-protocol

Coefficient 

Favors MR imaging Favors Usual Care
 

Figure 2 Diff erences between MR imaging and usual care on the Lysholm scale during 1-year follow-up
Esti mate and 2-sided 95% CI for the intenti on-to-treat and per-protocol analyses, and the non-inferiority mar-
gin (dott ed line). Adjusted for the ti me from trauma to study inclusion

Table 3 Results of the linear mixed models intenti on-to-treat analyses with repeated measurements for dif-
ferences between MR imaging and usual care for the secondary outcomes, adjusted for the ti me from trauma 
to study inclusion

Mean (SD)*

MR group UC group

(n=179) (n=177) Coeffi  cient (95% CI) p-value ES

Quality of 6 w 0.828 (0.153) 0.856 (0.133) -0.020 (-0.049 to 0.009) .185 -0.12

life; 3 m 0.891 (0.130) 0.887 (0.137) 0.020 (-0.009 to 0.049) .184 0.12

EQ-5D 6 m 0.905 (0.135) 0.921 (0.098) -0.003 (-0.030 to 0.024) .825 -0.02

(-0.329-1) 9 m 0.909 (0.155) 0.925 (0.142) -0.006 (-0.043 to 0.030) .730 -0.03

12 m 0.933 (0.137) 0.936 (0.114) 0.007 (-0.023 to 0.036) .654 0.04

overall -0.001 (-0.021 to 0.019) .959 -0.01

KOOS 6 w 68.7 (19.2) 71.1 (19.9) -0.94 (-4.44 to 2.56) .597 -0.05

pain 3 m 77.3 (18.5) 77.7 (20.7) 2.31 (-1.65 to 6.28) .251 0.11

(0-100) 6 m 84.2 (16.7) 83.0 (17.9) 1.93 (-1.81 to 5.68) .310 0.09

9 m 86.4 (15.2) 85.7 (16.3) 1.87 (-1.76 to 5.50) .311 0.09
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Table 3 Results of the linear mixed models intention-to-treat analyses with repeated measurements for dif-
ferences between MR imaging and usual care for the secondary outcomes, adjusted for the time from trauma 
to study inclusion (continued)

Mean (SD)*

MR group UC group

(n=179) (n=177) Coefficient (95% CI) p-value ES

12 m 86.5 (17.9) 85.7 (17.2) 3.00 (-0.87 to 6.87) .128 0.15

overall 1.64 (-1.22 to 4.49) .260 0.08

KOOS 6 w 69.4 (18.0) 72.2 (19.9) -0.36 (-3.72 to 3.00) .834 -0.02

symptoms 3 m 77.2 (17.2) 77.2 (19.9) 2.70 (-0.91 to 6.32) .143 0.13

(0-100) 6 m 82.8 (15.4) 80.8 (17.1) 2.88 (-0.78 to 6.54) .123 0.14

9 m 85.0 (16.1) 85.0 (15.6) 1.50 (-2.25 to 5.25) .431 0.07

12 m 84.6 (15.9) 83.5 (16.1) 3.22 (-0.42 to 6.86) .083 0.16

overall 1.99 (-0.65 to 4.63) .140 0.10

KOOS 6 w 76.9 (20.5) 80.5 (18.6) -2.24 (-6.00 to 1.51) .240 -0.10

function in 3 m 85.2 (16.8) 84.5 (19.4) 3.24 (-0.49 to 6.97) .089 0.14

daily living 6 m 90.2 (14.0) 89.4 (15.4) 1.80 (-1.52 to 5.13) .286 0.08

(0-100) 9 m 92.3 (13.2) 91.1 (14.1) 2.55 (-0.67 to 5.76) .120 0.11

12 m 92.0 (14.9) 91.4 (14.9) 2.25 (-1.14 to 5.64) .192 0.10

overall 1.52 (-1.07 to 4.11) .250 0.07

KOOS 6 w 46.0 (29.3) 50.6 (31.1) -1.60 (-6.47 to 3.27) .519 -0.06

sport and 3 m 59.0 (30.5) 59.9 (32.1) 4.15 (-1.65 to 9.95) .160 0.15

recreation 6 m 68.0 (30.4) 68.5 (29.0) 1.71 (-4.24 to 7.67) .572 0.06

(0-100) 9 m 74.3 (27.2) 72.4 (28.0) 4.33 (-1.73 to 10.38) .161 0.15

12 m 76.5 (25.6) 74.9 (27.0) 4.60 (-1.16 to 10.37) .117 0.16

overall 2.64 (-1.78 to 7.05) .241 0.09

KOOS 6 w 48.5 (13.4) 50.5 (14.1) -1.22 (-3.92 to 1.49) .377 -0.10

quality of 3 m 53.0 (16.0) 54.7 (15.0) -0.10 (-3.39 to 3.18) .950 -0.01

life 6 m 58.1 (15.4) 58.5 (15.4) 0.28 (-3.14 to 3.71) .871 0.02

(0-100) 9 m 61.8 (15.8) 60.3 (15.0) 1.51 (-2.20 to 5.23) .424 0.12

12 m 61.7 (15.8) 61.2 (16.2) 1.68 (-1.94 to 5.31) .362 0.13

overall 0.43 (-2.19 to 3.06) .747 0.03

Severity of 6 w 3.8 (2.2) 3.7 (2.4) -0.06 (-0.51 to 0.39) .785 -0.03

knee pain; 3 m 2.6 (2.2) 2.8 (2.6) -0.27 (-0.77 to 0.22) .283 -0.12

NPRS 6 m 1.9 (2.1) 2.0 (2.1) -0.18 (0.65 to 0.29) .457 -0.08

(0-10) 9 m 1.6 (2.0) 1.8 (2.0) -0.19 (-0.65 to 0.27) .413 -0.08

12 m 1.6 (2.2) 1.7 (2.1) -0.31 (-0.79 to 0.18) .212 -0.13

overall -0.20 (-0.54 to 0.14) .241 -0.09

MR: magnetic resonance. UC: usual care. SD: standard deviation. CI: confidence interval. ES: effect size. w: 
weeks. m: months. EQ-5D: EuroQol 5-Dimensions scored from -0.329 to 1, with a higher score indicating less 
problems. KOOS: Knee injury and Osteoarthritis Outcome Score ranging from 0 to 100, with a higher score 
indicating less problems. NPRS: severity of knee pain during the previous 48 hours, measured with the nu-
meric pain rating scale with scores from 0 to 10, with a higher score indicating more pain. *The means and 
SDs are unadjusted.
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dISCuSSIoN

Main findings

During the 1-year study period, direct access to MR imaging by the GP was non-inferior to 
usual care regarding knee-related daily function in patients aged 18-45 years with traumatic knee 
complaints. Also, MR imaging had no impact on knee pain, knee symptoms, function in daily 
living, sport and recreation, and quality of life. On the other hand, an MR scan requested by the 
GP showed a positive effect on patients’ perceived recovery, and on patients’ satisfaction with 
the treatment. If MR imaging of the knee enters the diagnostic pathway in primary care, it is 
unlikely that the amount of referrals to other healthcare providers will be reduced. Alongside the 
non-inferiority analyses, a cost-effectiveness analyses was performed, showing that MR imaging 
referral by the GP was not cost-effective in patients with traumatic knee complaints; in fact, MR 
imaging led to more healthcare costs, mainly due to higher costs on MR imaging.19

Clinical relevance

The GP should not refer patients (18-45 years) with traumatic knee complaints to MR imaging to 
improve clinical outcomes, since MR imaging resulted in increased healthcare provider involve-
ment and increased healthcare costs without improvement of clinical outcomes. In the particular 
situation that the GP desires to request an MR scan to improve patient satisfaction regardless of 
the costs, the GP has to be aware that he/she needs to refer 5 to 7 patients with traumatic knee 
complaints to MR imaging to yield 1 more satisfied patient. Also, the influence of the increased 
contact with the healthcare providers as a result of the MR scan remains unclear. The treatment 
by the GP may be refined by enhanced information about the prognosis and policy targeted on 
the specific knee complaints.

Table 4 Results of the Kaplan-Meier survival analysis regarding differences in the total number of patients hav-
ing received the healthcare between the MR and usual care group during the 1-year follow-up

MR group UC group

(n=179) (n=177) p-value*

Revisit general practitioner 63 59 .987

Visit physiotherapist 93 66 .065

Visit orthopaedic surgeon 67 50 .247

Arthroscopy† 35 20 .051

Visit other specialist‡ 10 9 .963

Any healthcare consumption˦ 122 91 .031

MR: magnetic resonance. UC: usual care. *Assessed with the Log Rank test. †Arthroscopy also included in 
the number of visits to an orthopaedic surgeon. ‡Rehabilitation physician, neurologist, surgeon or internist. 
˦Revisit to GP or visit to a physiotherapist or visit to an orthopaedic surgeon or visit to another specialist.
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Study strengths and limitations

This is the first large RCT concerning the additional value of an MR scan in general practice in 
patients with traumatic knee complaints, with a high internal and external validity.18 The study 
showed consistent results in the intention-to-treat and per-protocol analyses for non-inferiority 
of GPs’ request for an MR scan in patients with traumatic knee complaints during the 1-year 
follow-up. Also, superiority of MR imaging was ruled out, since the 95% CI of the overall adjusted 
estimates of the intention-to-treat and per-protocol analyses excluded the 6 points margin on 
both sides of the interval.

Our study has some limitations. Initially, we planned to include patients with knee complaints 
persisting for at least 4 weeks; however, this inclusion criterion was abandoned in dialogue 
with the participating GPs (see ‘Design, study population and patient involvement’). Explorative 
subgroup analysis in the originally defined ‘persistent’ knee complaints (n=218) showed that MR 
imaging was also non-inferior to usual care during the 1-year follow-up (appendix 4). A second 
limitation is the lack of blinding in our study. Since blinding of the participants was not possible, 
bias may have accounted for the significant effects, mainly on patients’ satisfaction and perceived 
recovery. Finally a third limitation was the use of the Lysholm scale which was originally developed 
for anterior cruciate ligament injury to assess the patients’ knee-related daily function. However, 
all secondary clinical outcomes point in the direction of no differences between usual care and 
MR imaging.

Comparison with literature

Only one previous RCT regarding MR imaging in patients with traumatic knee complaints in 
general practice has been published.20 Patients with suspected internal derangement of the knee 
were randomised to MR imaging with a provisional orthopaedic consult or to an orthopaedic 
consult only. In that study, access to MR imaging by the GP yielded no clinically relevant differ-
ences in physical functioning and quality of life.21 The selection of patients with suspected internal 
derangement complicated the generalisability of that study. Another article emerging from the 
same study reported a considerably higher amount of arthroscopies (40%) in the MR group than 
in the orthopaedic group (28%), evaluated by questionnaires filled in by the GPs.22 Combined, 
these prior studies’ results are consistent with the present study, indicating no additional benefit 
of MR imaging by the GP concerning clinical outcomes or in preventing from referral to secondary 
care.

MR imaging was observed to have benefits in a prior observational cohort study in patients 
with knee complaints aged 48 (IQR 35-59) years.23. A decreased intention of the GP to refer to an 
orthopaedic surgeon after an MR scan compared to before the MR scan was detected, evaluated 
by questionnaires filled in by the GP. In 75% of the patients referred to MR imaging by the GP in 
the above-mentioned observational cohort, a meniscal injury was suspected. In these patients, 
the need of an MR scan or referral to an orthopaedic surgeon can be questioned, because the 
effectiveness of arthroscopic meniscal surgery is still debated.24 Moreover, of the 101 patients 
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whom the GP did not intend to refer prior to MR imaging, 48 were referred to an orthopaedic 
surgeon based on the MR findings.23 This confirms the hypothesis of incidental findings resulting 
in an increase in the amount of healthcare provided.

Future research

In our study, GPs were instructed to invite all patients with traumatic knee complaints. However, 
in daily practice, GPs tend to identify patients who are in need of additional diagnostics. These 
selection criteria are currently unclear, and should be further investigated. Subsequently, the 
efficacy of MR imaging in that subgroup of patients’ needs to be established.

Patients’ needs, expectations and preference of their treatment by the GP should also be the 
focus of future research. More insight into which variables influence patients’ satisfaction is 
needed to improve the treatment of patients with traumatic knee complaints in general practice. 
For example, the increased contact with the healthcare providers or the patients perception of 
their diagnosis and prognosis may be important mediators of the increased patient satisfaction 
after MR imaging.

Until that, our study provides high quality evidence confirming that MR imaging in the hands 
of the GP for patients with traumatic knee complaints (aged 18-45 years) did not improve clinical 
outcomes or reduce the amount of referrals to other healthcare providers.

CoNCLuSIoNS

MR imaging in general practice in patients (aged 18-45 years) with traumatic knee complaints 
was both non-inferior and non-superior to usual care regarding knee-related daily function during 
1-year follow-up. After adding MR imaging, although more patients perceived to be recovered and 
more were satisfied, the amount of patients visiting other healthcare providers did not decrease.
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What are the new findings?

• This multicentre, randomised controlled trial provides new evidence that MRI in 
general practice for patients aged 18-45 years with traumatic knee complaints was 
not worse, but also not better than usual care, regarding knee-related daily function 
during 1-year follow-up.

• Adding an MRI scan requested by the general practitioner improved perceived re-
covery and patient satisfaction, but it also decreased the involvement of healthcare 
providers and the healthcare costs.

how might it impact on clinical practice in the future?

• The recommendation for the GP not to refer patients with traumatic knee complaints 
to MRI is strengthened with robust scientific evidence.

• The GP is faced with the challenge to consider patients’ satisfaction without referral 
to MRI in patients with traumatic knee complaints.

• The treatment by the GP may be refined by enhanced information about the progno-
sis and policy targeted on the specific knee complaints.
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Appendix 1 MR findings of the patients randomised to receive MR imaging

MR finding Study population
(n=174)

Abnormalities present 145 (83)

Positive findings* 89 (51)

Contusion (effusion, no ligament or meniscal lesion) 25 (14)

Effusion 71 (41)

Bone bruise femorotibial joint 60 (35)

Trabecular fracture 12 (7)

Abnormalities medial meniscus 54 (31)

Mucoid degeneration 12 (7)

Tear 42 (24)

Traumatic 17 (10)

Degenerative (horizontal) 25 (14)

Abnormalities lateral meniscus 26 (15)

Mucoid degeneration 4 (2)

Tear 22 (13)

Traumatic 13 (8)

Degenerative (horizontal) 9 (5)

ACL abnormalities 40 (23)

Mucoid degeneration 2 (1)

Tear 38 (22)

PCL abnormalities 2 (1)

Mucoid degeneration 0

Tear 2 (1)

MCL sprain 27 (16)

LCL sprain 2 (1)

Cartilage abnormalities 39 (22)

Grade I-III 30 (17)

Grade IV 9 (5)

Combinations

ACL tear and bone bruise femorotibial joint 27 (16)

Traumatic meniscus tear and bone bruise femorotibial joint 13 (8)

Traumatic meniscus tear and ACL tear 12 (7)

MCL/LCL sprain and bone bruise femorotibial joint 12 (7)

Data are presented as numbers (percentages). MR: magnetic resonance. ACL: anterior cruciate ligament. PCL: 
posterior cruciate ligament. MCL: medial collateral ligament. LCL: lateral collateral ligament. *Positive find-
ings: trabecular fracture, a complete rupture of the collateral ligament, a meniscus tear, a cruciate ligament 
rupture or a full thickness cartilage defect.
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Figure 2; Mean and standard error of the mean of the MR and usual care group on the Lysholm Scale during the 12 months 
follow-up for the intention to treat (A) and per protocol (B) analysis. 
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Appendix 2 Course of the Lysholm scale
Mean and standard error of the mean of the Magnetic Resonance (MR) and usual care group (UC).
A: intention-to-treat. B: per protocol.
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Appendix 3 Results of the generalized estimation equations with repeated measurements regarding differ-
ences in patient satisfaction and recovery between the MR and usual care group, adjusted for the time from 
trauma to study inclusion

MR group* uC group*

(n=179) (n=177) oR (95% CI) p-value

Recovery 6 w 65 (36) 51 (29) 1.34 (0.87 to 2.07) .191

3 m 100 (56) 69 (39) 1.70 (1.10 to 2.62) .017

6 m 108 (60) 81 (46) 1.46 (0.90 to 2.35) .122

9 m 109 (61) 73 (41) 1.84 (1.10 to 3.10) .021

12 m 120 (67) 95 (54) 1.46 (0.88 to 2.42) .142

Overall 1.49 (1.10 to 2.02) .011

Satisfaction 6 w 75 (42) 37 (21) 2.36 (1.49 to 3.73) <.001

3 m 84 (47) 49 (28) 1.82 (1.16 to 2.87) .010

6 m 85 (48) 59 (33) 1.44 (0.92 to 2.27) .110

9 m 87 (49) 56 (32) 1.62 (1.02 to 2.55) .039

12 m 92 (51) 62 (35) 1.70 (1.09 to 2.67) .020

Overall 1.84 (1.31 to 2.57) <.001

MR: magnetic resonance. UC: usual care. Data are presented as numbers of recovered/satisfied patients (per-
centages). OR: odds ratio. CI: confidence interval. w: weeks. m: months. Recovery indicates scores completely 
recovered and much improved. Satisfaction indicates scores absolutely satisfied and very satisfied. The pro-
cedure models ‘No’ as the response, treating ‘Yes’ as the reference category. *The numbers and percentages 
are unadjusted.
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ABSTRACT

Background: The aim of this study was to determine the cost-effectiveness of early referral by 
the general practitioner for magnetic resonance (MR) imaging compared with usual care alone in 
patients aged 18–45 years with traumatic knee symptoms.

Methods: Cost-utility analysis was performed parallel to a prospective multicenter randomized 
controlled trial in Dutch general practice. A total of 356 patients with traumatic knee symptoms 
were included from November 2012 to December 2015 (mean age, 33 years ±8 [standard devia-
tion]; 222 men [62%]). Patients were randomly assigned to usual care (n = 177; MR imaging was 
not performed, but patients were referred to an orthopedic surgeon when conservative treatment 
was unsatisfactory) or MR imaging (n = 179) within 2 weeks after injury. Main outcome measures 
were quality-adjusted life years (QALYs) and costs from a healthcare and societal perspective. 
Multiple imputation was used for missing data. The Student t test was used to assess differences 
in mean QALYs, costs, and net benefits.

Results: Mean QALYs were 0.888 in the MR imaging group and 0.899 in the usual care group (P = 
.255). Healthcare costs per patient were higher in the MR imaging group (€1109) than in the usual 
care group (€837) (P = .050), mainly due to higher costs for MR imaging, with no reduction in the 
number of referrals to an orthopedic surgeon in the MR imaging group.

Conclusions: MR imaging referral by the general practitioner was not cost-effective in patients 
with traumatic knee symptoms; in fact, MR imaging led to more healthcare costs, without an 
improvement in health outcomes.
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INTRoduCTIoN

After lower back pain, knee pain is the most commonly reported musculoskeletal reason for 
patients to visit their general practitioner (GP).1,2 Among these patients are those with knee pain 
due to trauma, which has a substantial effect on quality of life, especially in younger patients.3 
The estimated incidence of new knee injuries ranges from one to two cases per 1000 patients per 
year, with a peak incidence of four to six cases per 1000 patients per year in patients aged 15–25 
years.2,4

Magnetic resonance (MR) imaging is the modality of choice in the diagnosis of a soft-tissue 
lesion, with a sensitivity of 87% and a specificity of 93% in the overall detection of meniscus and 
anterior cruciate ligament tears.5,6 The high diagnostic accuracy of MR imaging made diagnostic 
arthroscopy obsolete and justified the use of MR imaging to make a diagnosis after knee trauma.5

Although the majority of knee MR examinations are still requested by orthopedic surgeons 
(with well-established added value), in the past decade, a shift toward earlier MR imaging in pri-
mary care has been seen.7,8 The suggested potential beneficial effects of MR imaging in primary 
care are as follows: In case of negative findings, patients can be reassured and might be able to 
avoid unnecessary referrals to secondary care. In case of positive findings, an earlier diagnosis 
can be made, potentially resulting in earlier recovery.8–14 However, due to the lack of evidence 
regarding the added value of MR imaging in primary care, the Dutch College of General Practitio-
ners guidelines15 recommend not to request MR imaging in these patients. Other countries have 
developed similar guidelines that provide conflicting or unclear advice regarding when to perform 
MR imaging in primary care or when to refer to a patient to an orthopedic surgeon.5,16–18

The aim of this study was to determine the cost-effectiveness of early referral by the GP for MR 
imaging compared with usual care alone in patients with traumatic knee symptoms over a 1-year 
period.

MATeRIALS ANd MeThodS

All patients approved and signed the informed consent form before entering this study. The study 
was approved by the medical ethics committee of the Erasmus Medical Center and by the Dutch 
National Central Committee on Research Involving Human Subjects (Dutch trial registration, 
NTR3689).

Study design and Patients

We conducted an economic evaluation parallel to a prospective pragmatic multicenter open-
labeled noninferiority randomized controlled trial with 12 months of follow-up. Details of the re-
search protocol already have been published.9 We chose a noninferiority design, since MR imaging 
was regarded as a newly introduced diagnostic tool in general practice. The study was powered 
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to detect this noninferiority.9 From October 2012 to December 2015, patients aged 18–45 years 
who consulted or reconsulted their GP with knee symptoms due to a traumatic injury or a sudden 
onset of pain, function loss, or both in the preceding 6 months were included. The age criterion 
(≤45 years) was chosen to exclude subjects with a relatively higher prevalence of degenerative 
findings for which no clear treatment options are currently available, meaning the MR findings 
would have had little influence on subsequent treatment. Exclusion criteria were indications for 
direct referral (eg, a fracture or a locked knee), patients already in secondary care for their current 
knee symptoms, previous surgery in the affected knee, knee osteoarthritis diagnosed earlier by a 
physician, other nontraumatic arthropathy (eg, isolated patellofemoral pain or patella luxation), 
a previous MR examination for current knee symptoms, and contraindications to MR imaging. 
When a patient again consulted the GP with persistent knee symptoms and was not invited to 
participate during the first visit, the patient was only eligible for inclusion when the performed 
diagnostics and treatment adhered to Dutch guidelines after the first consultation, without MR 
imaging or an orthopedic referral. These patients still experienced symptoms of traumatic knee 
injury but usually had a longer history of symptoms. A total of 150 GPs located in the western 
part of the Netherlands invited all the patients included in this trial directly during consultation 
or afterward by sending invitation letters to eligible patients who were missed during the first 
consultation.

Randomization and Subject Group

After the patients signed the informed consent form and completed the first questionnaire, 
the researchers (KvO, NMS) performed the randomization. An independent person produced a 
randomization list with a computer by using random blocks of four and six without stratifying 
for patient characteristics. The researchers had no access to the randomization list, resulting in a 
concealed allocation that could not be predicted or influenced. A total of 356 patients (mean age, 
33 years 6 8 [standard deviation]; age range, 18–45 years) were included and randomly assigned 
to one of the groups. Of these patients, 222 (62%) were male, with a mean age of 32 years ± 8 
(range, 18–45 years), and 134 were female (38%; mean age, 33 years ± 8; range, 18–45 years). 
Mean duration of symptoms was 52 days ± 44.

Patients were evenly allocated to undergo either usual care or MR imaging, and no patient or 
caregiver was blinded to group assignment (Fig 1). Patients in the usual care group were treated 
by the GP according to Dutch clinical guidelines15 which provide advice on (a) whether rest or 
specific exercises are necessary, (b) pain medication, and (c) physiotherapy. All GPs in this study 
were instructed not to request an MR examination in this trial arm when the former treatment 
did not have satisfactory results but to refer the patient to an orthopedic surgeon. Patients in 
the MR group underwent MR imaging within 2 weeks after completing the first questionnaire in 
addition to usual care based on the aforementioned guidelines.15



Cost-eff ecti veness of MRI in general practi ce 107

 

Analysed (n=179) 

Lost to follow-up (n=5): 
No time to fill in questionnaires (n=1) 

 Lost motivation (n=4) 
Response rate: 

6 weeks 94% 
3 months 91% 
6 months 85% 
9 months 78% 
12 months 87% 

 
 

MR group (n=179) 
Received protocol initiated MR scan (n=174) 

o Time from baseline to MR scan: 
  median 6 (IQR 4 to 9) days 
Did not receive protocol initiated MR scan 
(n=5) 

o No show (n=3) 
o Pregnancy (n=1) 
o Personal circumstances (n=1) 

Lost to follow-up (n=19): 
 No time to fill in questionnaires (n=5) 
 Dissatisfied (n=8) 
 Lost motivation (n=6) 

Response rate: 

6 weeks 86% 
3 months 80% 
6 months 72% 
9 months 63% 
12 months 75% 

 

Usual Care group (n=177) 
Received MR scan (n=65)* 

o Time from baseline to MRI: 
   median 48  (IQR 26 to 69) days 

o Requested by the GP (n=10) 
o Requested by the orthopaedic 

surgeon (n=27) 
o Unknown (n=28)* 

*Based on imputed data 

Analysed (n=177) 

Analyses 

Follow-up 

Allocation 

Assessed for eligibility  (n=836) 

Excluded (n=480) 
o Not meeting inclusion criteria 

(n=311) 
o Declined to participate (n=121) 
o Other reasons (n=48) 

Randomised (n=356) 

Enrollment 

Figure 1 Flowchart shows pati ent allocati on in this randomized controlled trial. GP = general practi ti oner



108 Chapter 7

Intervention: MR Imaging

MR imaging was performed with a 1.5-T MR imager by using a dedicated knee coil at six different 
centers (one university hospital, four peripheral hospitals, and a private MR center with several 
locations in the Netherlands). Prior to the start of the study, three radiologists evaluated and 
approved all “acute knee” MR protocols used at each center. These protocols were optimized for 
each MR imager, were familiar to the radiologists in that particular center, and provided a good 
reflection of the factual diagnostics, as used in the Netherlands. All protocols included sequences 
in the sagittal, coronal, and transverse planes, with at least one sequence with fat suppression 
and one gradient echo sequence targeted on cartilage damage.

Prior to the start of this study, two orthopedic surgeons defined positive MR findings that might 
need further assessment by an orthopedic surgeon (ie, trabecular fracture, complete rupture of 
a collateral ligament, meniscus tear, cruciate ligament rupture, fullthickness cartilage defect). In 
the present study, we specifically instructed and trained 12 musculoskeletal radiologists, each 
with at least 10 year of experience. Referral advice was based on the presence of positive MR 
findings and was automatically derived from an encrypted Web-based standardized MR imaging 
knee report.19 The referring GP received a speech-based free-text report, as usual. In addition, 
radiologists were asked to conclude their MR report with the referral advice derived from the 
structured online MR report. These patients returned to their GP for the MR result and continued 
in primary care with treatment as described in the Dutch clinical guidelines15, unless they were 
referred to an orthopedic surgeon, who would subsequently take over their care and treatment.

Primary outcome Measures: QALYs and Costs

We performed a cost-utility analysis from a healthcare and societal perspective with a 1-year 
time horizon, according to the Consolidated Health Economic Evaluation Reporting Standards (or 
CHEERS).20 We used the three-level EQ-5D questionnaire (Euroqol, Rotterdam, the Netherlands) 
to calculate quality-adjusted life years (QALYs) as the area under the curve of the utility scores 
measured over 12 months, according to the Dutch tariff.21,22 Scores were measured at baseline, 6 
weeks, and 3, 6, 9, and 12 months. Costs were evaluated by using self-reported questionnaires at 
3, 6, 9, and 12 months, reflecting on the previous 3 months. Healthcare costs included costs for 
GP visits, physiotherapy sessions, orthopedic surgeon visits, MR imaging, conventional imaging, 
arthroscopy, hospital admission, and medication. Nonhealthcare costs included costs for work ab-
senteeism, work presenteeism (reduced quality of work), unpaid work (groceries, housekeeping, 
children; calculated only over the differences between the two groups), housekeeping, caregiving 
by the family, traveling, and medical aids, such as knee braces or crutches. Unit costs sources are 
presented in Table 1 and were mostly derived from the Dutch guideline for economic evaluation 
with standard reference prices in Euros at the 2015 price level, without discounting.23,24
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Table 1 Healthcare and non-healthcare costs per patient over the 12-months follow-up (n=356)
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n=179
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Mean difference in 
costs in € (95%CI)

GP visit 33 A 41 0.84 28 47 1.13 37 -9 (-20 to 1)

Physical therapy sessions 33 A 60 10.58 349 55 8.52 281 68 (-56 to 192)

Orthopaedic surgeon visit 91 A 44 1.20 109 41 1.20 109 0 (-37 to 37)

Other medical specialists visita 91 A 9 0.19 17 8 0.17 16 2 (-15 to 18)

Company doctor visit 100 B 12 0.26 26 12 0.30 30 -4 (-26 to 19)

Nursing help, hours 73/hr A 0 0 0 0 0.22 16 16 (-48 to 15)

Conventional imaging 42 B 32 0.34 14 35 0.38 16 -2 (-7 to 3)

MRI scan 215 A 100 1.09 235 37 0.44 94 140 (115 to 166)

Arthroscopy 950 B 22 0.25 235 16 0.18 166 69 (-31 to 168)

Hospital admission (daycare), days 276 A 23 0.30 82 15 0.18 50 31 (-2 to 65)

Hospital admission (clinical), nights 476 A 2 0.02 12 3 0.04 18 -6 (-26 to 14)

Intra-articular injections 4 C 4 0.04 0 8 0.11 0 0 (-1 to 0)

Medication C 34 NA 2 34 NA 3 -1 (-4 to 2)

Total healthcare costs 1,109 837 273 (0 to 545)

Absenteeism, daysb 35/hr A, D 54 10.3 2,520 49 7.8 2,046 474 (-498 to 1,446)

Presenteeism, reduced quantityc 35/hr A, D 38 4% 1,872 37 4% 1,856 17 (-907 to 940)

Unpaid self-produced labourd, hours -14/hr A 100 1269 -90 100 1256 93 -184 (-2,756 to 2,389)

Housekeeping help, hours 20/hr A 4 55 55 2 12 12 43 (-14 to 100)

Help by family, hours 14/hr A 9 7.3 103 14 10.5 148 -45 (-170 to 79)

Travel costs A 100 NA 25 75 NA 19 6 (0 to 12)

Costs medical aidse D 56 NA 41 58 NA 50 -9 (-24 to 6)

Total non-healthcare costs 4,526 4,224 302 (-2,659 to 3,262)

TOTAL COSTS 5,635 5,061 574 (-2,462 to 3,611)

95%CI: 95% confidence interval, A: guideline for economic evaluations (The Dutch National Healthcare Insti-
tute), updated September 2015. B: own data. C: www.medicijnkosten.nl, D: self-reported patient data aOther 
medical specialists, including surgeons, rheumatologists, revalidation specialists, neurologists. bFriction meth-
od: maximum of 85 absence days for a job with 5 workdays a week, i.e. maximum of 12 weeks absence, self-
reported job hours and days per week, €34.75 per working hour (A), 90% of the patients had a paid job with 
a mean of 4.4 days and 33 hours per week. cReduced quantity ranging from 0%: normal production quantity 
to 100%: produced nothing. Expressed as the mean percentage reduced quantity over 12 months. dUnpaid 
labour includes hours spent on housekeeping, groceries, odd jobs, volunteering, kids and education. Only the 
difference between groups calculated. eMedical aids includes costs for braces, compresses, inlays, crutches 
and salves.
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Statistical Analyses

All analyses were performed according to the intention-to-treat principle. Missing data were 
corrected for possible selective nonresponse by using multiple imputations with fully conditional 
specification and predictive mean matching.25 We imputed 100 data sets with four iterations by 
using the following predictors: randomization group, age, sex, body mass index, loss to follow-up, 
clinical scores (eg, Lysholm scores), and utilities. The Student t test was used to assess differences 
in mean QALYs, costs, and net benefits between the MR group and the usual care group. P<.05 
indicated a significant difference. We expressed cost-effectiveness by using cost-effectiveness ac-
ceptability curves from both a healthcare perspective and a societal perspective. Depending on the 
willingness to pay (WTP) per QALY, the acceptability curves show the probability that MR imaging 
has a more favorable net benefit (NB = WTP * QALYs - Costs), than does usual care. Additionally, we 
plotted 400 bootstrap replicates of the average difference in costs and effects in the incremental 
cost-effectiveness plane to express the uncertainty of our cost-effectiveness analysis. All analyses 
were performed by using statistical software (IBM SPSS, version 22.0; SPSS, Chicago, Ill).

Ancillary Analyses

Three secondary analyses were performed, two of which were purely in specific subgroups of 
patients. The first subgroup consisted of patients with a duration of knee symptoms of 4 weeks or 
longer, since referral to an orthopedic surgeon in the 1st weeks after knee trauma should have no 
effect on the treatment course, as stated in the Dutch clinical guidelines.15 On the basis of these 
guidelines and with consensus in the project research group (GPs, radiologists, and orthopedic 
surgeons), we intended to include only those patients with persistent knee symptoms lasting 4 
weeks or longer. However, during the start of the study, the participating GPs preferred to also 
include patients with a shorter duration of symptoms, since this was more in keeping with daily 
practice. The second subgroup of patients also had knee symptoms for more than 4 weeks, and 
they were directly included during the first consultation by the GP. In the third and final ancillary 
analysis, which included all patients, we measured QALYs with the transformed Visual Analog 
Scale (VAS) of the EQ-5D questionnaire ranging from 0 (worst imaginable health) to 100 (perfect 
health) by using the power transformation 1 - (1 - VAS/100)1.61.

ReSuLTS

Patients

The GPs invited 836 patients to participate in this study, 356 of whom could be included and ran-
domized (Fig 1). Of the 179 patients allocated to the MR imaging group, 174 underwent MR imag-
ing. Three patients did not attend their MR imaging appointment, one patient was pregnant, and 
one did not undergo MR imaging because of personal circumstances. Of the 177 patients allocated 
to the usual care group, at least 10 underwent MR imaging requested by the GP (responders’ data).
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QALYs and Costs

No signifi cant diff erences were found in mean QALYs over the 12-month follow-up period between 
the MR group and the usual care group (0.888 vs 0.899, P = .225) (Fig 2). There were signifi cantly 
higher healthcare costs per pati ent in the MR group (€1109) than in the usual care group (€837) 
(mean diff erence, €273; 95% confi dence interval: 0, 545) (Table 1). This diff erence was mainly 
based on higher costs of MR imaging and on insignifi cantly higher costs of physiotherapy and 
arthroscopy in the MR group. In the MR group, 22% of pati ents underwent arthroscopy com-
pared with 16% of pati ents in the usual care group (P = .150). Furthermore, insignifi cant higher 
nonhealthcare costs were observed in the MR group (mean diff erence, €302; 95% confi dence 
interval: -2659, 3262). These higher nonhealthcare costs were mainly based on higher costs 
for work absenteeism in the MR group, with a mean of 10.3 absent workdays in the MR group 
compared with 7.8 absent workdays in the usual care group (P = .188).

Cost-eff ecti veness

From a healthcare perspecti ve, the probability that MR imaging is a cost-eff ecti ve alternati ve to 
usual care ranged from 3% for €0 WTP per QALY (ie, when only costs count) to 8% for €80 000 
WTP/QALY (ie, the unoffi  cial upper bound threshold for cost-eff ecti veness in the Netherlands) 
(Fig 3). From a societal perspecti ve, because of the larger uncertainty of the cost diff erence, the 
probability starts higher at 36% for €0 WTP/ QALY and then decreases to 21% for €80 000 WTP/
QALY. The accompanying scatt er plot (Fig 4) shows the majority of the bootstrap replicates in 
the northwest quadrant (91% for the healthcare perspecti ve, 61% for the societal perspecti ve), 
meaning overall higher costs for lower QALYs.
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Figure 2 Graph shows pati ents’ uti lity scores and mean quality-adjusted life years (QALY) over the 12 months 
of follow up QALY was measured as the area under the curve over 12 months with the EuroQol 5 dimensions 
(EQ-5D) uti lity score (Dutch tariff ) ranging from -0.329 (worst health status) to 1.000 (best health status).
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Figure 3 Probability that MR imaging in primary care is cost-effective compared to usual care in patients with 
traumatic knee complaints.

 
Figure 4 Incremental cost-effectiveness plane from a societal and healthcare perspective using 400 bootstrap 
replicates for each
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Ancillary Analyses

In appendix 1 to 10 we present the figures and tables for ancillary analyses. Most analyses en-
abled us to confirm the economic preference for usual care. Only the second exploratory analysis 
in the subgroup of patients directly included by the GP and with a duration of symptoms of 4 
weeks or more (n = 94) showed a probability of MR imaging being cost-effective compared with 
usual care ranging from 75% for €0 WTP/ QALY to 83% for €20 000 WTP/QALY from a healthcare 
perspective. From a societal perspective, this was 58% and 62%, respectively. However, caution 
is required when interpreting these findings, as there were only 94 patients in this subgroup, 
implying considerable uncertainty.

dISCuSSIoN

In patients aged 18–45 years with a traumatic knee symptoms seeking medical attention in a 
primary care setting, no differences in mean QALYS over the 12-month follow-up period were 
found between the MR group and the usual care group. The MR group had significantly higher 
healthcare costs, mainly because of more physiotherapy sessions and more arthroscopies, in 
addition to the study-initiated MR examinations. Furthermore, in the MR group, there was no 
reduction in the referral rate to an orthopedic surgeon. Total costs unrelated to healthcare were 
also slightly higher (this difference was not significant) in the MR group based on more work 
absenteeism. From the cost-utility analyses, we concluded that referral for early MR imaging by 
the GP is unlikely to be cost-effective compared with usual care in patients aged 18–45 years with 
traumatic knee symptoms.

In the United Kingdom, a randomized controlled trial was performed on the cost-effectiveness 
of MR imaging in a subgroup of patients suspected of having an internal derangement who 
were referred to an orthopedic surgeon.10 Patients were randomly assigned to (a) imaging with 
a provisional orthopedic appointment or (b) orthopedic referral without prior MR imaging. The 
authors included 553 patients and analyzed 386 complete cases; no significant differences were 
found in mean QALYs over 24 months between these two groups.26 The accompanying efficiency 
study showed that patients in the MR group also reported no significant improvement over time 
measured with the Short Form 36-item physical functioning scale in contrast to the patients in 
the direct orthopedic referral group.27 In the cost-effectiveness study, only healthcare costs were 
considered and were higher in the MR group. In the MR group, 40% underwent arthroscopy 
compared with 28% in the orthopedic group, with more subsequent work absenteeism in the 
MR group; our results are in line with these findings.10 On the basis of an insignificant increase 
in QALYs in the MR group of 1.444 compared with 1.393 in the orthopedic referral group, the 
authors concluded that MR imaging in primary care was 80% likely to be cost-effective in patients 
presenting with knee symptoms, with an incremental cost-effectiveness ratio of £5000 to £6,000 
per QALY. However, the authors recommend caution when interpreting their findings because pri-
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vate costs and productivity losses were not considered, 30% of the cases were excluded because 
of missing data, and there was a potential recall bias with the last questionnaire reflecting on the 
past 12 months.

Another randomized controlled trial with cost-effectiveness analysis included 120 patients who 
presented to the emergency department with knee pain and who were referred to an orthopedic 
surgeon.28 All patients underwent MR imaging; however, prior to the MR examination, patients 
were randomized and only half of the cohort was informed about the MR result. The other half, 
including the involved orthopedic surgeon, was blinded to the MR result (ie, the no MR imaging 
group). Overall, higher utilities with significantly lower costs were observed in the no MR imaging 
group (arthroscopy rate was 24% in this group and 30% in the MR imaging group), and these 
findings were in line with our results. Also, in patients with lower back pain, routine diagnostic 
imaging led to worse or, at best, unimproved self-reported outcomes, supporting the robustness 
of our findings.29

To our knowledge, this study is the first to thoroughly assess the cost-effectiveness of MR imag-
ing in primary care. With a multicenter design involving 150 GPs and six different MR centers, 
we compiled a sample of patients aged 18–45 years with traumatic knee symptoms, reflecting 
(to a large extent) daily MR imaging practice. We evaluated a wide range of associated costs, 
including the costs for productivity losses. Furthermore, we analyzed all cases according to the 
intention-to-treat principle, without excluding cases for missing data. Possible attrition bias was 
handled with multiple imputations.

Unfortunately, difficulties were encountered in including a sufficient number of patients, 
despite our efforts to regularly remind GPs via telephone calls, office visits, and newsletters. The 
sample size calculation in this study was based on the primary endpoint, which was to show non-
inferiority of knee-related daily function as measured with the Lysholm Knee Scoring Scale. The 
current study was developed to address secondary objectives of QALYs and costs; any observed 
null findings could be attributed to a lack of power. Eventually, the sample size was decreased 
from 520 to 356 patients, and invitation letters were sent to eligible patients who were not directly 
invited during the first consultation. The effect of this intervention was reviewed in the ancillary 
explorative analyses by using specific subgroups. These analyses were not predefined and have 
a low statistical power, with a small number of patients in each subgroup. Data on quality of life 
and costs were collected every 3 months, minimizing recall bias. Bias could have been introduced 
by the unblinded randomization. For patients who were satisfied with the randomization to MR 
imaging, this could hypothetically result in a higher quality of life in the MR imaging group that 
was not detected. We believe the unblinded randomization had no influence on the reported 
costs.

Furthermore, no data were collected on surgery for anterior cruciate ligament reconstruction, 
and we evaluated only the performed arthroscopies. However, this may not have affected our 
main results, because this probably concerns only a few patients evenly distributed over both 



Cost-effectiveness of MRI in general practice 115

groups, since most patients with an anterior cruciate ligament rupture do not undergo recon-
structive surgery.30

On the basis of the present results, referral by the GP for MR imaging was not cost-effective in 
patients aged 18–45 years with traumatic knee symptoms. MR imaging led to more healthcare 
costs, without improving health outcomes. Although our exploratory analyses indicated that a 
subgroup of patients might exist in whom MR imaging could be cost-effective, the characteristics 
of this subgroup need to be evaluated in a future study. For the moment, usual care as described 
in the Dutch general practice guidelines (15) without referral for MR imaging and with referral 
to an orthopedic surgeon in patients with persistent knee symptoms should be the guideline of 
choice. Our results can also be applied to other healthcare systems in which healthcare provid-
ers other than orthopedic surgeons are involved in the primary care and diagnostic work-up of 
patients with symptoms after a traumatic knee injury. Not to request an MR examination might 
be challenging in the current climate of defensive medicine, in which patients are demanding 
and healthcare providers have a limited amount of time. With the presented results, we hope to 
support both patients and healthcare providers in the primary evidence-based care of patients 
with traumatic knee symptoms.

Implications for patient care

• Early MR imaging in general practice did not improve health outcomes, reduce 
orthopaedic referral, or reduce arthroscopy rate in patients aged 18-45 years with 
traumatic knee symptoms.

• Usual care (no routine referral to MR imaging; instead referral to an orthopaedic sur-
geon in case of persistent knee symptoms) should remain the guideline for patients 
aged 18-45 years with traumatic knee symptoms who visit their general practitioner.
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Appendix 1 Baseline characteristics of a subgroup of patients with traumatic knee complaints for 4 weeks or 
longer (n=218)

Baseline characteristics
MR group

n=102
Usual care group

n=116

Age, mean (SD) years 34 (8) 33 (8)

Male gender, n (%) 66 (65) 66 (57)

Body Mass Index, mean (SD) 25 (4) 26 (4)

Duration of complaints at inclusion, mean (SD) days 73 (36) 79 (40)

Quality of Life, EQ-5D mean (SD) 0.820 (0.158) 0.822 (0.139)

SD: standard deviation, EQ-5D: EuroQol 5 dimensions utility score with the Dutch tariff ranging from -0.329 
(worst health status) to 1.000 (best health status)
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Appendix 2 Healthcare and non-healthcare costs per patient over the 12-months follow-up in a subgroup of 
patients with traumatic knee complaints for 4 weeks or longer (n=218)

MRI group
n=102

usual Care group
n=116
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Mean difference
in costs in € (95%CI)

GP visit 33 A 40 0.81 27 42 0.94 31 -4 (-18 to 9)

Physical therapy sessions 33 A 54 7.74 256 46 6.46 213 42 (-84 to 169)

Orthopaedic surgeon visit 91 A 34 0.94 85 38 0.98 89 -4 (-46 to 38)

Other medical specialists visita 91 A 10 0.23 21 9 0.21 19 2 (-22 to 25)

Company doctor visit 100 B 5 0.06 6 13 0.31 31 -24 (-49 to 0)

Nursing help, hours 73/hr A 0 0 0 0 0 0 NA

Conventional imaging 42 B 24 0.27 11 30 0.35 14 3 (-10 to 3)

MRI scan 215 A 100 1.09 234 32 0.38 82 152 (121 to 182)

Arthroscopy 950 B 20 0.23 215 12 0.14 133 83 (-40 to 206)

Hospital admission (daycare), days 276 A 22 0.28 78 10 0.12 33 45 (3 to 86)

Hospital admission (clinical), nights 476 A 2 0.02 9 2 0.02 9 1 (-17 to 19)

Intra-articular injections 4 C 4 0.04 0 10 0.14 1 0 (-1 to 0)

Medication C 33 2 34 1 1 (-1 to 2)

Total healthcare costs 944 657 288 (-16 to 591)

Absenteeism, daysb 35/hr A, D 46 7 1,664 49 8 2,012 -348 (-1,393 to 697)

Presenteeism, reduced quantityc 35/hr A, D 38 5% 2,370 41 5% 2,261 109 (-1,325 to 1,544)

Unpaid self-produced labourd, hours -14/hr A 100 1290 -87 100 1279 67 -154 (-3,348 to 3,039)

Housekeeping help, hours 20/hr A 1 2 38 1 1 12 26 (-50 to 102)

Help by family, hours 14/hr A 12 6 80 18 11 159 -78 (-207 to 51)

Travel costs A 100 21 70 16 6 (-1 to 12)

Costs medical aidse D 52 35 56 53 -17 (-37 to 2)

Total non-healthcare costs 4,123 4,579 -457 (-4,160 to 3,246)

ToTAL CoSTS 5,067 5,236 -169 (-3,937 to 3,599)

95%CI: 95% confidence interval, A: guideline for economic evaluations (The Dutch National Healthcare Insti-
tute), updated September 2015. B: own data. C: www.medicijnkosten.nl, D: self-reported patient data aOther 
medical specialists, including surgeons, rheumatologists, revalidation specialists, neurologists. bFriction meth-
od: maximum of 85 absence days for a job with 5 workdays a week, i.e. maximum of 12 weeks absence, self-
reported job hours and days per week, €34.75 per working hour (A), 90% of the patients had a paid job with 
a mean of 4.4 days and 33 hours per week. cReduced quantity ranging from 0%: normal production quantity 
to 100%: produced nothing. Expressed as the mean percentage reduced quantity over 12 months. dUnpaid 
labour includes hours spent on housekeeping, groceries, odd jobs, volunteering, kids and education. Only the 
difference between groups calculated. eMedical aids includes costs for braces, compresses, inlays, crutches 
and salves.
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Appendix 3 Patients’ utility scores and mean QALY over the 12-months follow-up in a subgroup of patients 
with traumatic knee complaints for 4 weeks or longer (n=218)
QALY: Quality Adjusted Life Year measured as the area under the curve over 12 months with the EuroQol 5 
dimensions utility score (Dutch tariff) ranging from -0.329 (worst health status) to 1.000 (best health status)

 
Appendix 4 Probability that MR imaging in primary care is cost-effective compared to usual care in a subgroup 
of patients with knee complaints for 4 weeks or longer (n=218)
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Appendix 5 Baseline characteristics of a subgroup of patients with traumatic knee complaints for 4 weeks or 
longer and directly included by the general practitioner (n=94)

Baseline characteristics
MR group

n=43
Usual care group

n=51

Age, mean (SD) years 32 (9) 33 (8)

Male gender, n (%) 26 (60) 29 (57)

Body Mass Index, mean (SD) 24 (4) 25 (3)

Duration of complaints at inclusion, mean (SD) days 64 (37) 69 (37)

Quality of Life, EQ-5D mean (SD) 0.812 (0.137) 0.806 (0.107)

SD: standard deviation, EQ-5D: EuroQol 5 dimensions utility score with the Dutch tariff ranging from -0.329 
(worst health status) to 1.000 (best health status)
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Appendix 6 Healthcare and non-healthcare costs per patient over the 12-months follow-up in a subgroup of 
patients with traumatic knee complaints for 4 weeks or longer and directly included by the general practitio-
ner (n=94)

MRI group n=43 usual Care group 
n=51
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Mean difference in 
costs in € (95%CI)

GP visit 33 A 53 0.93 31 68 1.23 40 -10 (-29 to 9)

Physical therapy sessions 33 A 75 7.47 246 73 9.02 298 -51 (-227 to 125)

Orthopaedic surgeon visit 91 A 50 1.03 94 65 1.35 123 -29 (-88 to 30)

Other medical specialists visita 91 A 24 0.23 21 43 0.52 47 -26 (-61 to 8)

Company doctor visit 100 B 24 0.17 17 43 0.50 50 -32 (-70 to 5)

Nursing help, hours 73/hr A 0 0 0 0 0 0 NA

Conventional imaging 42 B 43 0.37 15 60 0.59 25 -9 (-20 to 1)

MRI scan 215 A 100 1.08 232 57 0.59 127 106 (60 to 151)

Arthroscopy 950 B 34 0.26 243 45 0.33 316 -74 (-276 to 130)

Hospital admission (daycare), days 276 A 26 0.22 60 32 0.23 62 -2 (-55 to 50)

Hospital admission (clinical), nights 476 A 17 0.08 36 33 0.14 69 -33 (-90 to 25)

Intra-articular injections 4 C 23 0.11 0 44 0.30 1 -1 (-1 to 0)

Medication C 50 2 65 2 0 (-1 to 1)

Total healthcare costs 999 1,160 -161 (-630 to 308)

Absenteeism, daysb 35/hr A, D 48 4 1,026 66 7 1,783 -757 (-1,735 to 221)

Presenteeism, reduced quantityc 35/hr A, D 54 4% 2,421 72 5% 2,463 -42 (-1,713 to 1,629)

Unpaid self-produced labourd, hours -14/hr A 100 1280 335 100 1324 -285 620 (-3,179 to 4,419)

Housekeeping help, hours 20/hr A 8 5 100 14 2 39 62 (-114 to 237)

Help by family, hours 14/hr A 27 7 103 49 20 286 122 (-422 to 56)

Travel costs A 100 22 88 24 -3 (-12 to 7)

Costs medical aidse D 63 45 76 77 -32 (-61 to -3)

Total non-healthcare costs 4,052 4,387 -335 (-4,870 to 4,200)

ToTAL CoSTS 5,050 5,546 -496 (-5,150 to 4,158)

95%CI: 95% confidence interval, A: guideline for economic evaluations (The Dutch National Healthcare Insti-
tute), updated September 2015. B: own data. C: www.medicijnkosten.nl, D: self-reported patient data aOth-
er medical specialists, including surgeons, rheumatologists, revalidation specialists, neurologists. bFriction 
method: maximum of 85 absence days for a job with 5 workdays a week, i.e. maximum of 12 weeks absence, 
self-reported job hours and days per week, €34.75 per working hour (A), 90% of the patients had a paid job 
with a mean of 4.4 days and 33 hours per week. cReduced quantity ranging from 0%: normal production 
quantity to 100%: produced nothing. Expressed as the mean percentage reduced quantity over 12 months. 
dUnpaid labour includes hours spent on housekeeping, groceries, odd jobs, volunteering, kids and education. 
Only the difference between groups calculated. eMedical aids includes costs for braces, compresses, inlays, 
crutches and salves.
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Appendix 7 Pati ent uti liti y scores and mean QALY over the 12-months follow-up in a subgroup of pati ents 
with traumati c knee complaints for 4 weeks or longer and directly included by the general practi ti oner (n=94)
QALY: Quality Adjusted Life Year measured as the area under the curve over 12 months with the EuroQol 5 
dimensions uti lity score (Dutch tariff ) ranging from -0.329 (worst health status) to 1.000 (best health status)

 

Appendix 8 Probability that MR imaging in primary care is cost-eff ecti ve compared to usual care in a sub-
group of pati ents with traumati c knee complaints for 4 weeks or longer and directly included by the general 
practi ti oner (n=94)
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Appendix 9 Pati ents’ uti lity scores measured with a Visual Analogue Scale (VAS) over the 12-months follow-up 
(n=356)
QALY: Quality Adjusted Life Year measured as the area under the curve over 12 months with the EuroQol 5 
dimensions uti lity score (Dutch tariff ) ranging from -0.329 (worst health status) to 1.000 (best health status)

 

Appendix 10 Probability that MR imaging in primary care is cost-eff ecti ve compared to usual care in pati ents 
with traumati c knee complaints using a Visual Analogue Scale (n=356)
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ABSTRACT

Background: This study evaluated the effectiveness of exercise therapy in patients with meniscal 
lesions.

Methods: Nine databases were searched up to July 2015, including EMBASE and Medline OvidSP. 
Randomized and controlled clinical trials in adults with traumatic or degenerative meniscal lesions 
were considered for inclusion. Interventions had to consist of exercise therapy in non-surgical 
patients or after meniscectomy, and had to be compared with meniscectomy, no exercise therapy, 
or to a different type of exercise therapy. Primary outcomes were pain and function on short term 
(≤3 months) and long term (>3 months). Two researchers independently selected the studies, 
assessed the risk of bias, and extracted data.

Results: Of the 1415 identified articles 14 articles describing 12 studies were included; all had 
some concerns about the risk of bias. There was no significant difference between exercise 
therapy and meniscectomy for pain (MD 0.27 [-4.30,4.83]) and function (SMD -0.32 [-0.68,0.03]). 
After meniscectomy, there was conflicting evidence for the effectiveness of exercise therapy 
when compared to no exercise therapy for pain and function. There was no significant difference 
between various types of exercise therapy for pain (MD 19.30 [-6.60,45.20]) and function (SMD 
0.01 [-0.27,0.28]).

Conclusions: Exercise therapy and meniscectomy yielded comparable results on pain and func-
tion. Exercise therapy compared to no exercise therapy after meniscectomy showed conflicting 
evidence at short term, but was more effective on function at long term. The preferable type/
frequency/intensity of exercise therapy remains unclear. The strength of the evidence was low 
to very low.
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INTRoduCTIoN

Knee injuries are very common in general practice: in the Netherlands, the incidence of traumatic 
and non-traumatic knee injuries is 5.3 and 17 per 1000 persons per year, respectively.1 The annual 
incidence estimate of a meniscus tear for primary and secondary care in Sweden was 79 [95% CI: 
63,94] per 100.000 patients with an observed peak age of 15-19 years old.2 The cause of a menis-
cal lesion can be either traumatic or degenerative. Most patients with a traumatic meniscal lesion 
are younger and have a longitudinal meniscal lesion, whereas most patients with a degenerative 
meniscal lesion are older and have concomitant joint cartilage damage.3

In the Netherlands, patients with a meniscal lesion who have knee pain or difficulty with activi-
ties of daily living and sports can consult their general practitioner (GP) or contact a physiothera-
pist. In primary care, it is difficult to diagnosis a meniscal tear based on history taking plus physical 
examination.4 With the exception of patients presenting with a locked knee, GPs generally treat 
meniscal lesions by applying a wait-and-see policy, consisting of advice to rest for a few days and 
using pain medication on demand. Patients who consult their GP with persistent or recurrent 
knee complaints are referred to an orthopedic surgeon.5 After radiographic imaging or magnetic 
resonance imaging of the knee, the surgeon may decide to continue the wait-and-see policy. 
Alternatively, depending on the state and/or duration of symptoms, arthroscopic surgery may be 
performed: either treating the lesion by meniscectomy or by suturing a torn meniscal lesion in 
younger patients.6

As part of the wait-and-see policy, or after meniscectomy, GPs or orthopedic surgeons can refer 
patients to a physiotherapist, whose treatment consists of exercise therapy to reduce limitations 
in knee function, reduce knee pain, and restore normal muscle strength.7

However, because the effectiveness of exercise therapy for the treatment of patients with 
meniscal lesions remains unclear, this review assesses the effectiveness of exercise therapy in 
patients with a meniscal lesion compared with: 1) no exercise therapy in non-surgical patients, 
2) meniscectomy, and 3) no exercise therapy or a different type of exercise therapy after menis-
cectomy.

MeThodS

Search strategy

The following databases were searched up to July 2014: EMBASE, Medline OvidSP, Web of Sci-
ence, Scopus, SportDiscus, the Cochrane Central Register of Controlled Trials (CENTRAL), Cinahl, 
PubMed and Google Scholar. Existing highly sensitive search strategies (filters) to identify ran-
domized trials were used. See appendix 1 for the search strategy. The protocol of the review 
is registered in the International Prospective register of systematic reviews [CRD42014014892].
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Selection of studies

Assessment of the eligibility of the studies was performed independently by two researches 
(NMS and KvO). First, studies were considered for inclusion based on the title and abstract and, 
secondly, full-text reports were examined for compliance of the studies with the eligibility criteria. 
Any disagreements about inclusion were resolved by discussion; if necessary, a third person (PAJL) 
was consulted to reach consensus. The initial interobserver reliability (i.e. Kappa) of the selection 
of the studies was calculated.

Studies were included if they met the following eligibility criteria; 1) it was a randomized 
controlled trial (RCT) or a controlled clinical trial (CCT); 2) patients had to be aged ≥ 18 years; 3) 
the study had to investigate males or females with a degenerative or traumatic, medial, lateral 
or combined meniscal lesion: studies on patients with additional anterior cruciate ligament or 
medial or lateral collateral ligament lesions or patients with additional knee osteoarthritis (Kell-
gren-Lawrence grade >2) were not eligible for inclusion, neither were patients treated with open 
instead of arthroscopic meniscectomy or meniscal repair; 4) the intervention had to consist of 
exercise therapy (either in non-surgical patients or starting within one year after meniscectomy) 
and had to describe the provision of, the timing of, or the delivery of (e.g. supervised versus 
home exercises) the exercise therapy; 5) the exercise therapy had to be compared to another 
treatment, e.g. meniscectomy, or to no treatment, or to a different type of exercise therapy: 
exercise therapy consisting of neuromuscular stimulation or electromyographic biofeedback was 
not eligible for inclusion neither were interventions consisting of only local physiotherapy, e.g. 
ultrasound; 6) the study had to contain at least one primary or secondary outcome measure. The 
primary outcome measures were knee pain and function, and the secondary outcome measures 
were muscle strength and physical performance.

Risk of bias assessment

A risk of bias assessment was independently performed by two researchers (NMS and PAJL) using 
the Cochrane Collaboration’s tool.8 For the present review, the domains of baseline similarity, 
compliance and co-interventions are added separately, leading to 9 domains to be scored. For 
the item ‘blinding of the outcome assessment’, the primary outcomes were assessed (pain and 
function). Each domain was scored as ‘low risk of bias’, ‘high risk of bias’ or ‘unclear risk of bias’. A 
consensus method was used to discuss and solve any disagreements between the review authors. 
If disagreement persisted, a third person (SMAB-Z) was consulted. The initial interobserver reli-
ability (i.e. Kappa) of the risk of bias assessment was evaluated and reported.

Assessment of heterogeneity

Heterogeneity was assessed by looking at the forest plot and the results of the Chi² test for 
heterogeneity and the I² statistic. The heterogeneity was considered statistical significant if the 
P-value for the Chi² test was less than 0.1 and the I2 statistic was 50% or more.8
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Strength of the evidence

The strength of the evidence was independently determined with the GRADE approach by two 
researchers (NMS and PAJL).8 A judgement of high quality, moderate quality, low quality or very 
low quality was made for the different outcomes. The strength of the evidence was downgraded 
based on the risk of bias, inconsistencies, indirectness, imprecision and publication bias with one 
(serious concerns) or two points (very serious concerns).

data extraction and analysis

Extraction of data from the studies was independently performed by two researchers (NMS 
and MR). In case of any disagreement, consensus was achieved by discussion among the review 
authors. If disagreement persisted, a third person (SMAB-Z) was consulted. The following data 
were extracted: sex and age of the participants, the type of meniscal lesion, details on the type 
of interventions of the exercise and the control groups, time to follow-up, study outcomes, and 
results. If the article did not contain sufficient information, the original authors were contacted. 
Preferable outcome measures were a visual analogue scale (VAS), a numeric pain rating scale 
(NPRS) or the Knee injury and Osteoarthritis Outcome Score (KOOS) subscale of pain for pain; the 
Lysholm knee scoring scale, the subjective knee form of the International Knee Documentation 
Committee (IKDC), the KOOS subscale of physical function, the KOOS total score or the Hughston 
clinical questionnaire for function; isokinetic muscle strength at 60°/s and 180°/s, 5 maximum 
repetitions on a leg extension bench or isometric strength for knee muscle strength of flexion 
and extension; and the one-leg hop test for performance. For the above mentioned preferable 
outcome measures a hierarchy was used for the extraction of the data; for example if the study 
presented results from both the VAS and the NPRS, the first mentioned outcome is extracted. Ex-
tracted data were stratified for short-term (0-3 months) and long-term outcome (>3 months). For 
studies measuring on different time points at short term (for example four, eight and 12 weeks), 
the time point nearest by three months was considered. For long term 6, 12 and 24 months 
follow-up were considered. Review Manager version 5 from the Cochrane Collaboration was used 
for data analysis. The mean and standard deviation (SD) of the change scores from baseline to 
follow-up were extracted from the studies for the exercise and control groups. When the SD was 
not available, it was calculated out of the 95% confidence interval (95% CI). When change scores 
were not available, and it was not possible to calculate them because of lacking of baseline scores, 
follow-up scores were extracted. The mean differences (MD) between the exercise and control 
groups were calculated with a 95% CI. A meta-analysis was conducted in trials with comparable 
interventions that measured a specific outcome at comparable follow-up. The fixed-effect model 
was used, unless there was statistically significant heterogeneity, in that case a random-effects 
model was used. The standardized mean difference (SMD) was used when the studies assessed 
the same outcome, but measured it with a variety of outcome measures. The SMD was calculated 
by dividing the MD between the exercise and control groups by the pooled SD of the baseline 
scores, when available. When necessary, measurement scales were transformed so that a higher 
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score indicates less pain, better function, more strength and better performance. The analyses 
were done in subgroups reported on exercise therapy versus no exercise therapy in non-surgical 
patients, exercise therapy versus meniscectomy, and exercise therapy after meniscectomy. The 
subgroup of exercise therapy after meniscectomy was divided into exercise therapy versus no 
exercise therapy, and exercise therapy versus a different type of exercise therapy.

ReSuLTS

Appendix 2 is a flow chart of the included and excluded articles. The interobserver reliability of the 
eligibility assessment of the articles was good (κ 0.71). Of the 14 articles originally included,9-22 the 
results of one study were described in three separate articles15,16,18 leading to 12 unique studies.

Characteristics of the included studies

Table 1 presents the characteristics of the included studies. The 12 studies had a total of 594 
patients, with a mean age of 41.5 (range 17-63) years, and 28.9% (range 0-79%) was female. In 
four studies the type of meniscal lesion was degenerative, one study included both traumatic and 
degenerative meniscal lesions, and seven studies did not describe the type of meniscal lesion. 
Five studies included medial meniscal lesions, two studies included medial and lateral meniscal 
lesions, three studies included medial, lateral and combined meniscal lesions, and in two studies 
no information on the location was available.

Risk of bias

Appendix 3 presents the risk of bias of the included studies. The interobserver reliability of the 
risk of bias assessment was good (κ 0.70). Nine studies used an adequate method of randomiza-
tion.9,10,12,13,15,16,18-22 Five studies reported that the allocation was concealed.9,10,12,20,22 In none of 
the studies were the participants and personnel blinded to the intervention. In eight studies not 
all randomized participants were analyzed in the group to which they were allocated, or there 
was a lack of information.9,11,12,14-16,18,20-22 In four studies the dropout rate was described and ac-
ceptable (≤ 15%), and all randomized participants were analyzed in the group to which they were 
allocated.10,13,17,19 For two studies a protocol was available.10,19 In one study, there was no baseline 
similarity between the groups,12 and for another study this remained unclear.21 For four studies 
it was unclear whether compliance was acceptable in all groups9,20-22 and in seven studies it was 
unclear whether co-interventions were used.9,11,13-18,20

effectiveness of exercise therapy versus no exercise therapy in non-surgical patients

No studies described the effectiveness of exercise therapy compared to no exercise therapy in 
non-surgical patients with a meniscal lesion.
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Table 1 Characteristics of the included studies

diagnostic 
criteria

Intervention
group (I)

Control
group (C)

Follow-
up

outcome 
measures

Mean (Sd) Md (95% CI)

Exercise therapy versus meniscectomy

Yim et al.22 Exercise Meniscec-
tomy

3 mt Pain I: 73 (15)a,b,c -3.00 [-9.25,3.25]

Age: 53.8 (43-
62)

(short (VAS) C: 76 (18)a,b,c

Female: 79.4% term) Function I: 80.4 (10.8)a,b -4.80 [-8.95,-
0.65]*

Degenerative (n=54) (n=54) (Lysholm) C: 85.2 (11.2)a,b

horizontal lesion 3 times a wk 6 mt Pain I: 79 (15)a,b,c -6.00 [-12.25,0.25]

posterior horn 
of

for 60 min (long (VAS) C: 85 (18)a,b,c

medial meniscal during 3 wk term) Function I: 82.3 (10.8)a,b -1.80 [-5.95,2.35]

(Lysholm) C: 84.1 (11.2)a,b

1 y Pain I: 82 (15)a,b,c -1.00 [-7.25,5.25]

(long (VAS) C: 83 (18)a,b,c

term) Function I: 84.1 (10.8)a,b 0.60 [-3.55,4.75]

(Lysholm) C: 83.5 (11.2)a,b

2 y Pain I: 83 (15)a,b,c 1.00 [-5.25,7.25]

(long (VAS) C: 82 (18)a,b,c

term) Function I: 84.3 (10.8)a,b 1.10 [-3.05,5.25]

(Lysholm) C: 83.2 (11.2)a,b

Osteras et al.17 Exercise Meniscec-
tomy

3 mt Pain I: 15 (8)d 4.00 [-2.68,10.68]

Age: 49.7 (-) therapy (n=9) (n=8) (short (VAS) C: 11 (6)d

Female: 24% 3 times a wk term) Function I: 11.8 (13.3)d 4.30 [-6.08,14.68]

Degenerative for 60 min KOOS C: 7.5 (8.2)d

meniscal lesion during 3 mt Strength I: 4.3 (2.6)d 1.90 [-0.43,4.23]

(5-RM) C: 2.4 (2.3)d

Stensrud et al.19 Exercise Meniscec-
tomy

3 mt Strength I: 12.7 (11.7)d,e 6.8 [2.66,10.94]*

Age: 48.9 (-) therapy (n=40) (n=42) (short (IMSF60) C: 5.9 (6.6)d,e

Female: 35.4% 2-3 times a term) Strength I: 25.2 (17.0)d,e 24.7 
[17.10,32.30]*

Degenerative wk during 3 (IMSE60) C: 0.5 (18.1)d,e

meniscal lesion mt Perfor- I: 7.9 (10.8)d 4.50 [-0.16,9.16]

medial meniscus mance 
(OLHT)

C: 3.4 (10.7)d
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Table 1 Characteristics of the included studies  (continued)

diagnostic 
criteria

Intervention
group (I)

Control
group (C)

Follow-
up

outcome 
measures

Mean (Sd) Md (95% CI)

Exercise therapy versus no exercise therapy after meniscectomy

Osteras et 
al.15,16,18 

Exercise No exercise 3 mt Pain I: 19 (16)d 13.00 
[7.58,18.42]*

Age: 46.3 (-) therapy (n=38) (n=39) (short (VAS) C: 6 (6)d

Female: 33% 3 times a wk term) Function I: 18.0 (10.9)d 11.50 
[7.49,15.51]*

Degenerative during 3 mt (KOOS) C: 6.5 (6.4)d

meniscal lesion Strength I: 26.0 (7.7)d,f 20.70 
[16.71,24.59]*

(IMSF60) C: 5.3 (4.6)d,f

Strength I: 38.1 (14.6)d,f 27.70 
[22.58,32.82]*

(IMSE60) C: 10.4 (6.9)d,f

Perfor- I: 7.5 (5.6)d,g 2.60 [0.49,4.71]*

mance 
(OLHT)

C: 4.9 (3.6)d,g

1 y Pain I: 8 (12)d 4.00 [-0.40,8.40]

(long (VAS) C: 4 (7)d

term) Function I: 10.3 (11.2)d 5.80 [1.48,10.12]*

(KOOS) C: 4.5 (7.8)d

Strength I: 18.1 (72.8)d,f 10.10 
[-23.17,43.37]

(IMSF60) C: 8.0 (20.4)d,f

Strength I: 10.5 (28.7)d,f 6.40 [-6.60,19.40]

(IMSE60) C: 4.1 (7.1)d,f

Perfor- I: 3.7 (3.5)d,g 0.00 [-1.80,1.80]

mance 
(OLHT)

C: 3.7 (4.5)d,g

Hall et al.10 Exercise No exercise 13 wk Pain I: 1.6 (3.2)d -1.60 [-4.02,0.82]

Age: 43 (-) therapy and (n=31) (short (KOOSp) C: 3.2 (6.1)d

Female: 27.4% home exercises term) Function I: -0.8 (5.2)d -2.40 [-4.71,-
0.09]*

Type of (n=31) (KOOSf) C: 1.6 (4.0)d

meniscal lesion 8 supervised Strength I: 0.06 (0.2)d 0.08 [-0.02,0.18]

unclear sessions (IMSF60) C: -0.02 (0.2)d 

Medial lesions of 30-45 min Strength I: 0.05 (0.2)d 0.18 [0.02,0.34]*

during 3 mth (IMSE60) C: -0.13 (0.4)d

Perfor- I: 11 (12.8)d 8 [2.88,13.12]*

mance 
(OLHT)

C: 3 (6.9)d
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Table 1 Characteristics of the included studies (continued)

diagnostic 
criteria

Intervention
group (I)

Control
group (C)

Follow-
up

outcome 
measures

Mean (Sd) Md (95% CI)

Exercise therapy versus a different type of exercise therapy after meniscectomy

Vervest et al.21 Exercise Verbal and 4 wk Pain I: 19.4 (23.6)d 19.30 
[-6.60,45.20]

Age: 33.4 (-) therapy (n=10) written 
advice 

(short (VAS) C: 0.1 (34.5)d

Female: 30% 3 times a wk and exercises term) Function I: 22.3 (18.2)d 8.00 
[-15.17,31.17]

Type of for 30 min (n=10) (Lysholm) C: 14.3 (32.6)d

meniscal lesion during 3 wk Perfor- I: 56.5 (39.4)d 49.20 
[13.82,84.58]*

unclear mance 
(OLHT)

C: 7.4 (41.3)d

Medial and

lateral lesions

Goodwin et al.9 Exercise Home 6 wk Function I: 72.3 (18.4)c -0.16 [-0.56,0.23]

Age: 39 (21-58) therapy and exercises (short (HCQ) C: 75.2 (16.7)c

Female: 10.6% home exercises (n=50) term) Perfor- I: 0.88 (0.19)g 0.06 
[-75.04,63.04]

Type of (n=50) mance 
(OLHT)

C: 0.82 (0.18)g

meniscal lesion 3 times a wk

unclear for 6 wk

Medial, lateral 

and combined

lesions

Jokl et al.11 Exercise Home 2 mth Strength I: 4.1 (-)g 1.5 [-]

Age: 32.1 (17-
63) 

therapy (n=15) exercises (short (IMSF60) C: 2.6 (-)g

Female: 23% 3 times a wk (n=15) term) Strength I: 11.9 (-)g 5.4 [-]

Type of for 45 min (IMSE60) C: 6.5 (-)g

meniscal lesion during 4 to 5 Strength I: -0.1 (-)g 2.4 [-]

unclear wk (IMSF180) C: 2.3 (-)g

Medial and Strength I: 6.5 (-)g 0.5 [-]

lateral lesions (IMSE180) C: 6.0 (-)g
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Table 1 Characteristics of the included studies (continued)

diagnostic 
criteria

Intervention
group (I)

Control
group (C)

Follow-
up

outcome 
measures

Mean (Sd) Md (95% CI)

Exercise therapy versus a different type of exercise therapy after meniscectomy (continued)

Kelln et al.12 Stationary Home 3 mth Function I: 75 (16)a,h 7.00 [-4.09,18.09]

Age: 47.1 (-) biking and 
home

exercises (short (IKDC) C: 68 (15.5)a,h

Female: 65% exercises (n=15) term)

Type of (n=16)

meniscal lesion 3 times a wk

unclear for 6 wk

Medial, lateral 

and combined

lesions

Moffet et al.14 Exercise Home 3 wk Strength I: 1 (32)a,g 14.00 
[-7.87,35.87]

Age: 39.9 (-) therapy and exercises (short (IMSF180) C: 15 (30)a,g

Female: 0% home exercises and term) Strength I: 31 (27)a,g 9.00 [-9.35,27.35]

Traumatic and (n=15) instructions (IMSE180) C: 40 (25)a,g

degenerative 3 times a wk (n=16) 3 mth Function I: 91 (10) 3.00 [-5.52,11.52]

meniscal lesion for 3 wk (short (Lysholm) C: 88 (14)

Medial meniscal term)

lesions 6 mth Function I: 91(14) 2.00 [-8.57,12.57]

(long (Lysholm) C: 89 (16)

term)

St. Pierre et al.20 Early training Delayed 10 wk Strength I: 90 (18)a,e -30.00 [-53.71,-
6.29]*

Age: 35.8 (-) (two wk) training (short (IMSF60) C: 120 (30)a,e

Female: 19% (n=7) (six wk) term) Strength I: 152 (28)a,e -23.00 
[-58.98,12.98]

Type of 3 times a wk (n=9) (IMSE60) C: 175 (45)a,e

meniscal lesion for 4 to 8 wk 3 times a wk Strength I: 68 (14)a,e -20.00 [-33.83,-
6.17]*

unclear for 1- 2 mth (IMSF180) C: 88 (14)a,e

Medial meniscal Strength I: 108 (22)a,e -14.00 
[-39.49,11.49]

lesions (IMSE180) C: 122 (30)a,e
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effectiveness of exercise therapy versus meniscectomy

The effectiveness of exercise therapy compared to meniscectomy was reported in three stud-
ies, in patients with a degenerative meniscal lesion.17,19,22 The quality of the evidence for this 
comparison is showed in appendix 4.

Knee pain (Figure 1a)
Pooled data from two studies showed very low evidence for no significant difference in knee pain be-
tween exercise therapy and meniscectomy for patients with a degenerative meniscal lesion at short 
term (MD 0.27 [-4.30,4.83], fixed-effects model used; P-value of the Chi² test=0.13 and I²=56%).17,22 
The study of Yim et al. showed no significant difference on knee pain at long term (6 months: MD 
-6.00 [-12.25,0.25], 12 months: MD -1.00 [-7.25,5.25] and 24 months: MD 1.00 [-5.25,7.25]).22

Table 1 Characteristics of the included studies (continued)

diagnostic 
criteria

Intervention
group (I)

Control
group (C)

Follow-
up

outcome 
measures

Mean (Sd) Md (95% CI)

Exercise therapy versus a different type of exercise therapy after meniscectomy (continued)

Koutras et al.13 Isotonic Isokinetic 2 mth Function I: 91 (8) -3.00 [-8.85,2.85]

Age: 28 (-) exercises 
(n=10)

exercises (short (Lysholm) C: 94 (5)

Female: 0% Frequency and (n=10) term) Strength I: 1.46 (0.4)i 0.06 [-0.29,0.41]

Type of duration not Frequency (IMSF60) C: 1.40 (0.4)i

meniscal lesion reported and Strength I: 2.27 (0.4)i 0.05 [-0.40,0.50]

unclear duration not (IMSE60) C: 2.22 (0.6)i

Medial, lateral reported Strength I: 1.17 (0.3)i 0.02 [-0.24,0.28]

and combined (IMSF180) C: 1.15 (0.3)i

lesions Strength I: 1.64 (0.3)i 0.06 [-0.25,0.37]

(IMSE180) C: 1.58 (0.4)i

Perfor- I: 481 (72) -6.00 
[-75.04,63.04]

mance 
(OLHT)

C: 487 (85)

A higher score indicates less pain, better function, more strength and better performance. A positive mean differ-
ence indicates an advantage for the exercise group. -: not reported. *Significant difference. aData extracted from 
figures. bFollow-up SD not reported, baseline SD is used. cscore extracted from 100, so that a higher score indi-
cates less pain. dChange scores from baseline to follow-up. eNewton meter. fData from subgroup of study popula-
tion. gRatio: % of the sound leg. hSD not reported, calculated from SEM. iNewton meter per kilogram. 5-RM: 5 
maximum repetitions on a leg extension bench. CI: confidence interval. HCQ: Hughston clinical questionnaire 
(0-100). IKDC: subjective form of the International knee documentation committee (0-100). IMSE60: isokinetic 
muscle strength of extension at 60°/s. IMSE180: isokinetic muscle strength of extension at 180°/s. IMSF60: iso-
kinetic muscle strength of flexion at 60°/s. IMSF180: isokinetic muscle strength of flexion at 180°/s. KOOS: total 
score of the Knee injury and osteoarthritis outcome score (0-100). KOOSp: pain subscale of the KOOS (0-100). 
KOOSf: function subscale of the KOOS (0-100). Lysholm: Lysholm Score (0-100). Min: minutes. Mth: month. OLTH: 
one-leg hop test, distance in cm. SD: standard deviation. VAS: Visual Analogue Scale (0-100). Wk: week. Y: year.
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Function (Figure 1b)
Pooled data from two studies showed very low evidence for no significant difference in function 
between the groups at short term (SMD -0.32 [-0.68,0.03], fixed-effects model used; P-value of 
the Chi² test=0.13 and I²=56%).17,22 The study of Yim et al. showed no significant difference on 
knee function at long term (6 months: MD -1.80 [-5.95,2.35], 12 months: MD 0.60 [-3.55,4.75] 
and 24 months: MD 1.10 [-3.05,5.25]).22

Muscle strength (figure 1c)
Pooled data from two studies showed very low evidence for a significant difference in muscle 
strength of extension at short term (SMD 1.27 [0.83,1.70], fixed-effects model used; P-value of 
the Chi² test=0.24 and I²=27%).17,19 Data from the study of Stensrud et al. showed a significant 
difference in muscle strength of flexion (MD 6.80 [2.66,10.94]) favoring the exercise group at 
short term.19 No data were available for muscle strength at long term.

Performance
Data from the study of Stensrud et al. showed very low evidence for no significant difference in 
performance between the groups at short term (MD 4.50 [-0.16,9.16].19 No data were available 
on performance at long term.

a. knee pain at short term

b. function at short term

c. muscle strength knee extension at short term

Figure 1 Effectiveness of exercise therapy versus meniscectomy
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effectiveness of exercise therapy versus no exercise therapy after meniscectomy

The effectiveness of exercise therapy compared to no exercise therapy after meniscectomy was 
described in two studies.10,16 The data from the two studies were not pooled because the patients 
in the study of Osteras et al. were included immediately after meniscectomy, whilst the patients 
in the study of Hall et al. were included 3 to12 months post meniscectomy. The quality of the 
evidence for this comparison is showed in appendix 5.

Knee pain
The study of Osteras et al. showed very low evidence for a significant difference in knee pain 
between exercise therapy and no exercise therapy after meniscectomy at short term, favoring 
the exercise group (SMD 1.07 [0.59,1.55]).16 In contrast, the study of Hall et al. showed very low 
evidence for no significant differences in knee pain between exercise therapy and no exercise 
therapy after meniscectomy at short term (SMD -0.32 [-0.83,0.18]).10 The study of Osteras et al. 
showed very low evidence for no significant difference in knee pain between the groups at long 
term (MD 4.00 [-0.40,8.40]).16

Function
The study of Osteras et al. showed very low evidence for a significant difference in function be-
tween the groups at short term (SMD 1.28 [0.79,1.77]), favoring the exercise group.16 In contrast, 
the study of Hall et al. showed low evidence for a significant difference in function between the 
groups at short term, favoring the no exercise therapy group (SMD -0.51 [-1.02,-0.00]).10 The 
study of Osteras et al. showed very low evidence for a significant difference in function at long 
term (MD 5.80 [1.48,10.12]), favoring the exercise group.16

Muscle strength
The studies of Osteras et al. and Hall et al. showed very low and low evidence for significant 
differences between the groups on muscle strength of extension at 60°/s at short term, favoring 
the exercise therapy (SMD 0.56 [0.05,1.07] and SMD 2.34 [1.52,3.16]).10,16 The study of Osteras 
et al. showed very low evidence for a significant difference in muscle strength of flexion at 60°/s 
between the groups at short term, favoring the exercise group (SMD 3.16 [2.20,4.12].16 The study 
of Hall et al. showed very low evidence for no significant difference in muscle strength of flexion 
at 60°/s between the groups at short term (SMD 0.39 [-0.11,0.90]).10 The study of Osteras et al. 
showed very low and low evidence for no significant difference in muscle strength of flexion 
and extension at 60°/s between the groups at long term (MD 10.10 [-23.17,43.37] and MD 6.40 
[-6.60,19.40]).16

Performance
Data from the study of Osteras et al. and Hall et al. showed very low and low evidence for signifi-
cant differences in the performance between the groups at short term, favoring the exercise group 
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(SMD 0.77 [0.25,1.29] and SMD 0.55 [0.09,1.00]).10,16 The study of Osteras et al. showed very low 
evidence for no significant difference between the groups at long term (MD 0.00 [-1.80,1.80]).16

effectiveness of exercise therapy versus a different type of exercise therapy after 
meniscectomy

The effectiveness of exercise therapy compared to a different type of exercise therapy after men-
iscectomy was described in seven studies.9,11-13,20,21 The quality of the evidence for this comparison 
is showed in appendix 6.

Knee pain
The study of Vervest et al. showed very low evidence for no significant difference in knee pain 
between supervised dynamic exercise therapy compared to a standard treatment of verbal and 
written advice combined with exercises at short term (MD 19.30 [-6.60,45.20]).21 No data were 
available for knee pain at long term.

Function (Figure 2a)
Pooled data from five studies showed very low evidence for no significant difference in function 
between supervised dynamic exercise therapy compared to a standard treatment of verbal and 
written advice and exercises,21 home exercises,9 home exercises and instructions14 or isotonic 
compared to isokinetic exercises13 or stationary biking compared to home exercises12 at short term 
(SMD 0.01 [-0.27,0.28], fixed-effects model used; P-value of the Chi² test=0.43 and I²=0%). The 
study of Moffet et al. showed very low evidence for no significant difference in function between 
exercise therapy and home exercises and instructions at long term (MD 2.00 [-8.75,12.57]).14

Muscle strength (Figure 2b-e)
Pooled data from two studies showed very low evidence for no significant differences in muscle 
strength of flexion and extension at 60°/s between isotonic and isokinetic exercises13 or early and 
delayed training20 at short term (SMD -0.44 [-1.67,0.78], random-effects model used; P-value of 
the Chi² test= 0.08 and -0.19 [-0.85,0.48], fixed-effects model used; P-value of the Chi² test=0.34 
and I²=0%). Pooled data from three studies showed very low evidence for no significant differ-
ences in muscle strength of flexion at 180°/s between isotonic and isokinetic exercises13 or early 
and delayed training20 or exercise therapy compared to home exercises and instructions14 at short 
term (SMD -0.20 [-1.17,0.76], random-effect model used due to statistical heterogeneity; P-value 
of the Chi² test=0.68 and I²=71%). Pooled data from three studies showed very low evidence for 
no significant differences in muscle strength of extension at 180°/s between isotonic and iso-
kinetic exercises13 or early and delayed training20 or exercise therapy compared to home exercises 
and instructions14 at short term (SMD 0.09 [-0.39,0.58], fixed-effects model used; P-value of the 
Chi² test=0.41 and I²=0%). No data were available for muscle strength at long term.
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a. function at short term

b. isokinetic strength knee flexion at 60°/s at short term

c. isokinetic strength knee extension 60°/s at short term

d. isokinetic strength knee flexion 180°/s at short term

e. isokinetic strength knee extension 180°/s at short term

f. performance at short term

Figure 2 Effectiveness of exercise therapy versus different type



142 Chapter 8

Performance (Figure 2f)
Pooled data from three studies showed very low evidence for a significant difference in the per-
formance between supervised dynamic exercise therapy compared to a standard treatment of 
verbal and written advice combined with exercises 21, or to home exercises9 or isotonic compared 
to isokinetic exercises13, at short term (SMD 0.37 [0.03,0.70], fixed-effects model used; P-value of 
the Chi² test=0.16 and I²=45%). No data were available for performance at long term.

dISCuSSIoN

No studies evaluated the effectiveness of exercise therapy compared to no exercise therapy in 
non-surgical patients with a meniscal lesion. Although the effectiveness of exercise therapy in 
patients with osteoarthritis has been established in systematic reviews and meta-analyses,23,24 
the effectiveness of exercise therapy in non-surgical patients with a meniscal lesion and no osteo-
arthritis remains unclear. The Dutch guidelines for GPs and physiotherapists state that exercise 
therapy might contribute to the recovery of patients with a meniscal lesion, but no evidence is 
available for the effectiveness of exercise therapy in non-surgical patients.5-7

There was no significant difference in exercise therapy compared to meniscectomy for patients 
with a degenerative meniscal lesion on pain, function and performance at short or long term. 
However, there was a significant difference between the groups on muscle strength at short term, 
favoring the exercise group. The results of our review are comparable to those reported in a recent 
review and meta-analysis, concluding that there is moderate evidence that there is no additional 
benefit to arthroscopic meniscal debridement on top of a nonoperative or sham treatment for 
degenerative meniscal tears in middle aged patients with mild or no concomitant osteoarthritis. 
Furthermore, the systematic review and meta-analysis of Thorlund et al. concluded that the small 
inconsequential benefit seen from interventions that include arthroscopy for the degenerative 
knee is limited in time and absent at one to two years after surgery and that knee arthroscopy 
is associated with harms.25 International guidelines for the management of meniscal lesions 
recommend that, in the presence of knee osteoarthritis, the patient should receive conservative 
treatment and not meniscectomy.26,27

After meniscectomy, exercise therapy was more effective than no exercise therapy on muscle 
strength of extension and performance at short term. There is conflicting evidence between the 
studies for the effectiveness of exercise therapy compared to no exercise therapy after menis-
cectomy on pain, function and muscle strength of flexion at short term. At long term exercise 
therapy was more effective than no exercise therapy for function; there is no significant differ-
ence between the groups on knee pain, muscle strength and performance. There were conflicting 
results for knee pain, function and muscle strength at short term between the two included 
studies,10,16 which could possibly be explained by the clinical heterogeneity due to the moment 
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of enrolment of the patients. The effectiveness of exercise therapy versus no exercise therapy on 
muscle strength and performance was in both studies favouring the exercise group at short term.

There were no significant differences in effectiveness of different types of exercise therapy 
for pain, function and muscle strength at short term. Several reviews with comparable results 
on the effectiveness of exercise therapy after meniscectomy for patients with meniscal injuries 
have been published.28-30 There was a variety of applied exercise regimes and of the timing of the 
exercise therapy after meniscectomy in the included studies. The exercise regimes mainly focused 
on decreasing knee pain and restoring range of motion and muscle strength of knee extension 
and flexion, three times a week for three to eight weeks starting immediately to 12 months after 
meniscectomy. Not only reduced range of motion and muscle weakness, but also reduced pro-
prioceptive acuity, muscle activation deficiency and functional knee instability may play a role in 
patients with degenerative knee diseases.31,32 From this perspective, it can be argued that training 
programs should address several aspects of sensorimotor function and functional stabilization to 
improve function.33 The preferable timing of the exercise therapy after meniscectomy remains 
unclear.

For this systematic review, the authors considered as primary outcomes pain and function, and 
not structural progression. The influence of exercise therapy on knee osteoarthritis in patients 
with meniscal lesions is unclear and needs to be evaluated in further research.

This review has some limitations. First, we excluded one Chinese study because we were unable 
to read it,34 relevant results may have been missed. Second, the evidence of this review is of very 
low to low quality, mainly because there were only 12 studies found and the evidence was in most 
cases downgraded based on an unclear risk of selection bias, no blinding, small sample sizes and 
large 95%CI, leading to imprecisions of the estimates. There was some variability between the 
studies regarding patients, interventions, outcomes, and timing of the outcome measures. Five 
studies described the type of meniscal lesion,14-19,22 whereas the remaining seven studies did not 
provide this information. Because of lack of information about the onset of knee complaints and 
degenerative changes, we used the definitions of the authors reported in the included articles 
regarding the type of meniscal lesion was traumatic or degenerative. Since the studies included 
patients with a wide age range (17-63 years), duration of symptoms (1 week to 25.7 years) and 
the compartment (medial, lateral or combined) of meniscal lesions, it seems feasible that patients 
with both a traumatic or degenerative meniscal lesion were included, which complicates the 
generalizability of the results. Finally, there was a range in the effects and the direction of the 
effects of exercise therapy (SMD 1.05 to -0.44). Nevertheless, despite heterogeneity between the 
studies, we could perform meta-analyses for the subgroups of exercise therapy versus meniscec-
tomy and exercise therapy versus a different kind of exercise therapy. Statistical heterogeneity 
was explored by the Chi2. Because this test has low power when studies have small sample sizes 
or are few in number the conventional P-value of 0.05 was changed to 0.1 to determine statistical 
significance.8 Selection of the studies, assessment of the risk of bias, extraction of the data and 
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assessment of the strength of the evidence were performed by two independent reviewers using 
the methods in the Cochrane Handbook for Systematic Reviews of Interventions.8

Research on the effectiveness of exercise therapy in non-surgical patients with a meniscal 
lesion in primary care is needed to determine whether these patients could benefit from exer-
cise therapy. High quality RCTs with are needed to assess the effectiveness of exercise therapy 
compared to meniscectomy in patients with a meniscal lesion, including an economic evaluation. 
Hereafter, when effective, more studies are required to examine which type of exercises and 
which exercise regime would be preferable. Future research also needs to examine the onset 
of the meniscal lesion, the compartment (medial/lateral), the location (anterior horn/body/
posterior horn) and the type (longitudinal/horizontal/radial/bucket handle) of meniscal lesion, as 
well as determining concomitant degenerative changes of the knee.

CoNCLuSIoN

No studies were found that assessed the effectiveness of exercise therapy compared to no exer-
cise therapy in non-surgical patients with a meniscal lesion. Exercise therapy and meniscectomy 
yielded comparable results for patients with degenerative meniscal lesions on knee pain, function 
and performance, but exercise therapy was more effective on muscle strength at short term. The 
evidence for exercise therapy compared to no exercise therapy after meniscectomy on knee pain 
and function was conflicting, but exercise therapy was more effective than no exercise therapy on 
muscle strength of extension and performance at short term. At long term, exercise therapy was 
more effective than no exercise therapy after meniscectomy on function. The preferable type, 
frequency and intensity of exercise therapy remains unclear. The strength of the evidence was 
low to very low.
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Practical Implications

• Health professionals should take into consideration that no studies have investigated 
the effectiveness of exercise therapy in non-surgical patients with a meniscal lesion.

• Included studies showed methodological limitations (for example: no blinding of 
either participant or investigator), and most results are based on 2 or 3 studies only.

• In patients with a degenerative meniscal lesion, exercise therapy is preferable when 
compared to meniscectomy to improve muscle strength of the knee, but only on 
short term. There are no differences between exercise therapy and meniscectomy on 
knee pain, function and performance at short or long term.

• If the patient is treated with meniscectomy, he or she will benefit more from exercise 
therapy to improve muscle strength of the quadriceps and performance of the knee 
when compared to no exercise therapy within the first three months. It is unclear 
if this improvement also exists for knee pain, function and muscle strength of the 
hamstrings within the first three months. At long term, exercise therapy is beneficial 
when compared to no exercise therapy on knee function, but there is no difference in 
the effectiveness on knee pain, muscle strength and performance of the knee.

• The preferable type, frequency and intensity of exercise therapy remains unclear.
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Appendix 1 Search strategy
Embase
(‘knee meniscus’/de OR ‘knee meniscus rupture’/de OR ‘meniscal surgery’/exp OR (menisc*):ab,ti) AND (ex-
ercise/exp OR physiotherapy/exp OR rehabilitation/exp OR ‘conservative treatment’/exp OR kinesiotherapy/
exp OR ‘leg exercise’/de OR ‘rehabilitation care’/de OR rehabilitation:lnk OR (exercis* OR physiotherap* OR 
train* OR ((physical* OR physio OR strength OR resistance*) NEAR/3 (therap* OR treat*)) OR rehabilitat* OR 
revalidat* OR conservative* OR kinesiotherap*):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)
Medline OvidSP
(“Menisci, Tibial”/ OR (menisc*).ab,ti.) AND (exp exercise/ OR “Exercise Movement Techniques”/ OR exp 
“Physical Therapy Modalities”/ OR exp rehabilitation/ OR rehabilitation.xs. OR (exercis* OR physiotherap* OR 
train* OR ((physical* OR physio OR strength OR resistance*) ADJ3 (therap* OR treat*)) OR rehabilitat* OR re-
validat* OR conservative* OR kinesiotherap*).ab,ti.) AND (Clinical Trial.pt. OR randomized.ab,ti. OR placebo.
ab,ti. OR dt.fs. OR randomly.ab,ti. OR trial.ab,ti. OR groups.ab,ti. NOT (Animals/ NOT Humans/ ))
Cochrane central
((menisc*):ab,ti) AND ((exercis* OR physiotherap* OR train* OR ((physical* OR physio OR strength OR resis-
tance*) NEAR/3 (therap* OR treat*)) OR rehabilitat* OR revalidat* OR conservative* OR kinesiotherap*):ab,ti)
Web of science
TS=(((menisc*)) AND ((exercis* OR physiotherap* OR train* OR ((physical* OR physio OR strength OR resis-
tance*) NEAR/3 (therap* OR treat*)) OR rehabilitat* OR revalidat* OR conservative* OR kinesiotherap*)) 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*) NOT (animal* NOT (human* OR patient* OR athlete* OR sport*)))
Scopus 
TITLE-ABS-KEY(((menisc*)) AND ((exercis* OR physiotherap* OR train* OR ((physical* OR physio OR strength 
OR resistance*) W/3 (therap* OR treat*)) OR rehabilitat* OR revalidat* OR conservative* OR kinesiotherap*)) 
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*) AND NOT (animal* AND NOT (human* OR patient* OR 
athlete* OR sport*)))
PubMed publisher
((menisc*[tiab])) AND ((exercis*[tiab] OR physiotherap*[tiab] OR train*[tiab] OR ((physical*[tiab] OR physio 
OR strength OR resistance*[tiab]) AND (therap*[tiab] OR treat*[tiab])) OR rehabilitat*[tiab] OR revalidat*[tiab] 
OR conservative*[tiab] OR kinesiotherap*[tiab])) AND (randomized[tiab] OR placebo[tiab] OR randomly[tiab] 
OR trial[tiab] OR groups[tiab]) NOT (Animals[mh] NOT Humans[mh] ) AND publisher[sb]
Cinahl
(MH “Menisci, Tibial+” OR (menisc*)) AND (MH exercise+ OR MH “Therapeutic Exercise+” OR MH “Physi-
cal Therapy+” OR MH rehabilitation+ OR (exercis* OR physiotherap* OR train* OR ((physical* OR physio OR 
strength OR resistance*) N3 (therap* OR treat*)) OR rehabilitat* OR revalidat* OR conservative* OR kine-
siotherap*)) AND (randomized OR placebo OR randomly OR trial OR groups) NOT (MH Animals+ NOT MH 
Humans+ )
Sportdiscus
(DE “MENISCUS (Anatomy)+” OR (menisc*)) AND (DE exercise+ OR DE “EXERCISE therapy+” OR DE “Physi-
cal Therapy+” OR DE rehabilitation+ OR (exercis* OR physiotherap* OR train* OR ((physical* OR physio OR 
strength OR resistance*) N3 (therap* OR treat*)) OR rehabilitat* OR revalidat* OR conservative* OR kinesio-
therap*)) AND (randomized OR placebo OR randomly OR trial OR groups) NOT (DE Animals+ NOT DE Humans+ 
)
Google Scholar
~meniscus exercise|physiotherapy|rehabilitation|conservative|kinesiotherapy|”physical|physio|strength|res
istance therapy|treatment|training” random|randomized|factorial|crossover|placebo|”double|single blind”



Effectiveness of exercise therapy for meniscal lesions 149

1415 records identified through 

database searching

Embase: 246

Medline OvidSP: 266

Web of Science: 165

Scopus: 240

SportDiscus: 199

Cochrane Central: 108

Cinahl: 63

PubMed: 28

Google Scholar: 100

53 full-text articles assessed for 

eligibility

747 records screened after 

removal of duplicates

14 articles describing 

12 studies8-21

39 full-text articles excluded:

Not randomized trial (n=16)

Ineligible population (n=3)

Ineligible intervention (n=16)

Language (n=1)

Double publication (n=1)

Evaluating exercise therapy >1 

year post-operatively (n=2)

694 articles excluded:

Not randomized trial (n=402)

Ineligible population (n=228)

Ineligible intervention (n=62)

Language (n=2)

Appendix 2 Flow chart of the included and excluded studies
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Appendix 3 Risk of bias of included studies

A B C D E F G H I

Goodwin8 + + - - - ? + ? ?

Hall20 + + - - + + + + +

Jokl9 ? ? - - ? ? + + ?

Kelln10 + + - - ? ? - + +

Koutras11 + ? - - + ? + + ?

Moffet12 ? ? - - ? ? + + ?

Osteras14 ? ? - - + ? + + ?

Osteras15 + ? - - ? ? + + ?

St-Pierre17 + + - - ? ? + ? ?

Stensrud21 + ? - - + + + + +

Vervest18 + ? - - ? ? ? ? +

Yim19 + + - - ? ? + ? -

A: random sequence generation (selection bias). B: allocation concealment (selection bias). C: Blinding of 
participants (performance bias). D: Blinding of outcome assessment (detection bias). E: Incomplete outcome 
data (attrition bias). F: Selective reporting (reporting bias). G: Baseline similarity. H: Compliance. I: Co-inter-
ventions.
+: low risk of bias. ?: unclear risk of bias. -: high risk of bias.
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Appendix 4 Exercise therapy versus meniscectomy for meniscal lesions

outcomes No of Participants
(studies)

Quality of the evidence
(GRAde)

Knee pain short term
VAS. Scale from: 0 to 100.
Follow-up: 3 months

125
(2 studies)17,22

⊕⊝⊝⊝
very low1,2,3,4

Knee pain long term
VAS. Scale from: 0 to 100.
Follow-up: 6 months

108
(1 study)22

⊕⊝⊝⊝
very low1,4,5,6

Knee pain long term
VAS. Scale from: 0 to 100.
Follow-up: 1 year

108
(1 study)22

⊕⊝⊝⊝
very low1,4,5

Knee pain long term
VAS. Scale from: 0 to 100.
Follow-up: 2 years

108
(1 study)22

⊕⊝⊝⊝
very low1,4,5

Knee function short term
Lysholm or KOOS. Scale from: 0 to 100.
Follow-up: 3 months

125
(2 studies)17,22

⊕⊝⊝⊝
very low1,2,3,4,6

Knee function long term
Lysholm. Scale from: 0 to 100.
Follow-up: 6 months

108
(1 study)22

⊕⊝⊝⊝
very low1,4,5,6

Knee function long term
Lysholm. Scale from: 0 to 100.
Follow-up: 1 year

108
(1 study)22

⊕⊝⊝⊝
very low1,4,5

Knee function long term
Lysholm. Scale from: 0 to 100.
Follow-up: 2 years

108
(1 study)22

⊕⊝⊝⊝
very low1,4,5

Muscle strength extension short term
5-RM or isokinetic device
Follow-up: 3 months

99
(2 studies)17,19

⊕⊝⊝⊝
very low1,2,4,6

Isokinetic muscle strength flexion at 60°/s short term
Isokinetic device
Follow-up: 3 months

82
(1 study)19

⊕⊝⊝⊝
very low1,2,4,6

Performance short term
One leg hop test
Follow-up: 3 months

82
(1 study)19

⊕⊝⊝⊝
very low1,2,4,6

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.
1Risk of bias (-1): no blinding. 2Risk of bias (-1): unclear risk of selection bias.3 Inconsistencies (-1): I2 is higher 
than 50% (50-90% is substantial).4Imprecision (-1): small sample size.5 Risk of bias (-1): unclear risk of attrition 
and reporting bias. 6 Imprecision (-1): large 95% CI.
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Appendix 5 Exercise therapy compared to no exercise therapy for meniscal lesions

outcomes No of
Participants
(studies)

Quality of the
evidence
(GRAde

Knee pain short term
VAS in exercise therapy starting immediately after meniscectomy. Scale from: 0 to 
100. Follow-up: 3 months

77
(1 study)16

⊕⊝⊝⊝
very low1,2,3

Knee pain short term
KOOS pain in exercise therapy starting 3 to 12 months after meniscectomy. Scale 
from: 0 to 100. Follow-up: 13 weeks

62
(1 study)10

⊕⊝⊝⊝
very low2,3,4

Knee pain long term
VAS in exercise therapy starting immediately after meniscectomy. Scale from: 0 to 
100. Follow-up: 1 year

77
(1 study)16

⊕⊝⊝⊝
very low1,2,3,4

Function short term
KOOS in exercise therapy starting immediately after meniscectomy. Scale from: 0 to 
100. Follow-up: 3 months

77
(1 study)16

⊕⊝⊝⊝
very low1,2,3

Function short term
KOOS function in exercise therapy starting 3 to 12 months after meniscectomy. 
Scale from: 0 to 100. Follow-up: 13 weeks

62
(1 study)10

⊕⊕⊝⊝
low2,3

Function long term
KOOS in exercise therapy starting immediately after meniscectomy. Scale from: 0 to 
100. Follow-up: 1 year

77
(1 study)16

⊕⊝⊝⊝
very low1,2,3

Isokinetic muscle strength flexion at 60°/s short term
Isokinetic device in exercise therapy starting immediately after meniscectomy.
Follow-up: 3 months

77
(1 study)16

⊕⊝⊝⊝
very low1,2,3

Isokinetic muscle strength flexion at 60°/s short term
Isokinetic device in exercise therapy starting 3 to 12 months after meniscectomy.
Follow-up: 13 weeks

62
(1 study)10

⊕⊝⊝⊝
very low2,3,4

Isokinetic muscle strength flexion at 60°/s long term
Isokinetic device in exercise therapy starting immediately after meniscectomy.
Follow-up: 1 year

77
(1 study)16

⊕⊝⊝⊝
very low1,2,3,4

Isokinetic muscle strength extension at 60°/s short term
Isokinetic device in exercise therapy starting immediately after meniscectomy.
Follow-up: 3 months

77
(1 study)16

⊕⊝⊝⊝
very low1,2,3

Isokinetic muscle strength extension at 60°/s short term
Isokinetic device in exercise therapy starting 3 to 12 months after meniscectomy.
Follow-up: 13 weeks

62
(1 study)10

⊕⊕⊝⊝
low2,3

Isokinetic muscle strength extension at 60°/s long term
Isokinetic device in exercise therapy starting immediately after meniscectomy.
Follow-up: 1 year

77
(1 study)16

⊕⊝⊝⊝
very low1,2,3,4
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Appendix 5 Exercise therapy compared to no exercise therapy for meniscal lesions (continued)

outcomes No of
Participants
(studies)

Quality of the
evidence
(GRAde

Performance short term
One leg hop test in exercise therapy starting immediately after meniscectomy.
Follow-up: 3 months

77
(1 study)16

⊕⊝⊝⊝
very low1,2,3

Performance short term
One leg hop test in exercise therapy starting 3 to 12 months after meniscectomy.
Follow-up: 13 weeks

62
(1 study)10

⊕⊕⊝⊝
low2,3

Performance long term
One leg hop test in exercise therapy starting immediately after meniscectomy.
Follow-up: 1 year

77
(1 study)16

⊕⊝⊝⊝
very low1,2,3

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.
1Risk of bias (-1): unclear risk of selection bias . 2Risk of bias (-1): no blinding.3Imprecision (-1): small sample 
size. 4Imprecision (-1): large 95% CI. 5Inconsistencies (-1): P-value of Chi2 less than 0.10
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Appendix 6 Exercise therapy compared to different type of exercise therapy for meniscal lesions

outcomes No of Participants
(studies)

Quality of the evidence
(GRAde)

Pain short term
VAS. Scale from: 0 to 100.
Follow-up: 4 weeks

20
(1 study)21

⊕⊝⊝⊝
very low1,2,3,4

Function short term
Lysholm, HCQ and IKDC. Scale from: 0 to 100.
Follow-up: 4 to 12 weeks

202
(5 studies)9,12-14,21

⊕⊝⊝⊝
very low1,2,3

Function long term
Lysholm. Scale from: 0 to 100.
Follow-up: 6 months

31
(1 study)14

⊕⊝⊝⊝
very low1,2,3,4

Isokinetic muscle strength flexion at 60°/s short 
term
Isokinetic device
Follow-up: 8 and 10 weeks

36
(2 studies)13,20

⊕⊝⊝⊝
very low1,2,3,4,5

Isokinetic muscle strength extension at 60°/s 
short term
Isokinetic device
Follow-up: 8 and 10 weeks

36
(2 studies)13,20

⊕⊝⊝⊝
very low1,2,3,4

Isokinetic muscle strength flexion at 180°/s short 
term
Isokinetic device
Follow-up: 3 to 12 weeks

67
(3 studies)13,14,20

⊕⊝⊝⊝
very low1,2,3,4,5

Isokinetic muscle strength extension at 180°/s 
short term
Isokinetic device
Follow-up: 3 to 12 weeks

67
(3 studies)13,14,20

⊕⊝⊝⊝
very low1,2,3,4

Performance short term
One leg hop test
Follow-up: 4 to 8 weeks

140
(3 studies)9,13,21

⊕⊝⊝⊝
very low1,2,3,4

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.
1Risk of bias (-1): unclear risk of selection bias . 2Risk of bias (-1): no blinding.3Imprecision (-1): small sample 
size. 4Imprecision (-1): large 95% CI. 5Inconsistencies (-1): P-value of Chi2 less than 0.10
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AIM

Magnetic Resonance (MR) imaging is not recommended in the Dutch clinical guideline ‘traumatic 
knee complaints’ for general practitioners (GPs), mainly because the diagnostic value and cost-
effectiveness of direct access by the GP to knee MR imaging is unknown.1 Whether MR imaging 
of the knee should enter the diagnostic pathway in primary care through direct access by the 
GP, depends on whether it improves patient outcome, reduces costs and affects subsequent 
diagnosis and management. Therefore, the primary aims of this thesis were to describe over a 
period of 1-year follow-up:
- whether MR imaging referral by the GP is non-inferior compared to usual care in patients with 

persistent traumatic knee complaints regarding self-reported knee related daily function, and
- whether MR imaging referral by the GP is cost-effective compared to usual care in patients 

with persistent traumatic knee complaints.

KeY FINdINGS

The results of the TACKLE trial (TraumAtic Complaints of the Knee — Leiden University Medical 
Centre and Erasmus Medical Centre) showed that MR imaging in general practice in patients (aged 
18 to 45 years) with traumatic knee complaints was both non-inferior and non-superior to usual 
care regarding knee related daily function during 1-year follow-up. Secondary outcome measures 
showed that adding MR imaging to usual care had no impact on knee pain, knee symptoms, func-
tion in daily living, sport and recreation, and quality of life. However, more patients perceived to 
be recovered and more were satisfied after adding MR imaging. Also, we showed that MR imaging 
referral by the GP was not cost-effective in patients with traumatic knee complaints. There were 
higher healthcare costs due to more costs for the MR scan but also due to more patients visiting 
a physiotherapist and more patients undergoing an arthroscopy after MR imaging, without an 
improvement in the quality adjusted life years (QALY).

MeThodoLoGICAL ISSueS

The design of the TACKLe Trial

We performed a high quality trial with clear results, suitable to translate into clinical practice. 
However, constructing a randomised controlled trial (RCT) to study (cost)effectiveness of MR 
imaging for traumatic knee complaints in general practice involves many design choices that may 
have impacted on the results of our study. When studying cost-effectiveness the usual choice is 
to design a pragmatic study in which the interventions are applied in a way that reflects clinical 
practice as much as possible. One facet of this is the absence of blinding. However, the fact that 
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the patients knew that they were allocated to the MR imaging group instead of the usual care 
group (without MR imaging) in a study environment may have affected the subjective clinical 
outcomes. Also, the subjective clinical outcomes may be influenced by the increased attention 
of the healthcare providers in the patients receiving an MR scan. Research has shown that the 
patient-practitioner interaction effect rooted in demonstrating care and empathy can positively 
enhance a patients experience.2-4 These patient-practitioner interactions also exists in daily prac-
tice and therefore reflect the pragmatic design of the study.

Another important choice is the primary outcome. In our study, we decided to use the Lysholm 
scale as the primary outcome to assess the knee related daily function which was originally devel-
oped for anterior cruciate ligament (ACL) injuries. We choose the Lysholm scale to measure knee 
related daily function because this scale is well documented according to psychometric properties 
in patients with traumatic knee injuries in general practice.5 However, detecting small improve-
ment in patients with reasonable knee function using the Lysholm scale might be difficult. The 
International Knee Documentation Committee subjective knee evaluation form could have been 
an alternative, although we are not aware of any research on psychometric properties of this 
questionnaire in a primary care population. We think that the inability of the Lysholm scale to 
detect small differences did not influence the main conclusion of our study, since all secondary 
clinical outcome scores show consistent results of no differences between usual care and MR 
imaging.

A third methodological issue in the TACKLE trial is the fact that GPs were instructed to invite 
all patients with traumatic knee complaints to participate in the study, while in daily practice GPs 
tend to identify patients who they consider to be in need of additional diagnostics. No consen-
sus exist among GPs about which patients are in need of additional diagnostics and there is no 
scientific ground on which these criteria can be based. In addition to the TACKLE trial, we also 
conducted a retrospective cohort study with data originating from a longitudinal database of 
electronic medical records of GPs in The Netherlands (chapter 3). We showed that during 2011 
to 2013 GPs referred about one in eight patients to an MR imaging. Male gender and ‘a longer 
duration of complaints’ were identified as predictors for an MR imaging referral by the GP, but 
our model only accounted for 6.5% of the explained variability. The results of the TACKLE trial are 
solely generalisable to the random patient consulting the GP with traumatic knee complaints.

Also, we have to be aware that probably the patient not invited by the GP to participate in our 
RCT were patients with severe knee complaints who were already referred to secondary care by 
the GP during the first consultation. The Dutch clinical guideline ‘traumatic knee complaints’ for 
GPs recommends only referring the patient to secondary care during the first consultation in case 
of a fracture or an acute locked knee.

The conduct of the study

During the conduct of the TACKLE trial, we were faced with some challenges.
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Firstly, fewer eligible patients participated in our trial than anticipated. In order to collect suf-
ficient data, we made the following changes to the study protocol after the trial commenced and 
reported this to the medical ethical committee, and the trial register: i) the time constraint to 
include patients with knee complaints present for at least four weeks was abandoned in dialogue 
with the participating GPs since, according to the participating GPs, it did not reflect daily practice 
and ii) eligible patients who were missed by the GP during the consultation were identified by 
searching the electronic medical records for knee classification codes and were invited afterwards 
(n=132). The latter patients had a longer time from trauma to study inclusion (median 75 days; 
IQR 49, 107 days) than the patients invited during consultation (median 22 days; IQR 8, 45 days) 
and had less knee complaints. This might have diminished the effect we found between the 
groups, however, explorative subgroup analysis in the patients with knee complaints present for 
at least four weeks (n=218) showed that MR imaging was also non-inferior to usual care and not 
cost-effective during the 1-year follow-up. In addition to this, explorative subgroup analyses in 
patients with complaints persisting for at least four weeks and recruited during the consultation 
(n=94) confirmed the results of non-inferiority of MR imaging compared to usual care during the 
1-year follow-up. However, the probability of MR imaging being cost-effective compared with 
usual care increased, with a range from 75% for €0 willingness to pay (WTP) per QALY to 83% for 
€20 000 WTP/QALY from a healthcare perspective. From a societal perspective, this was 58% and 
62% respectively. Because such explorative analyses are liable to bias due to the lack of power 
and no stratification, these results should be interpreted with caution.

Also, in order to collect sufficient data, we reduced the sample size during the recruitment pe-
riod from a total of 520 to 360 patients. Initially, we choose a non-inferiority margin of 4.8 points 
on the Lysholm scale to calculate the sample size, as the 95% confidence interval in the reference 
study was within 4.8 points from the mean difference.6 However, the margin was adapted to 6 
points on the Lysholm scale in dialogue with the subsidiary. Six points is still substantially lower 
than the 10 to 15 point difference considered to be clinically relevant on the Lysholm scale.7 Also, 
the increase in the non-inferiority margin from 4.8 to 6 points had no effect on the statements of 
non-inferiority and non-superiority of MR imaging compared to usual care, as the 95% confidence 
interval also did not cross the 4.8 points on the Lysholm scale.

The second methodological issue we were confronted with during the conduct of the study 
was the crossing over of patients from the usual care group to the MR imaging group. Twenty 
patients in the usual care group received an MR imaging, while the GP explicitly was instructed 
by the researchers not to request an MR imaging in patients randomised to the usual care group. 
From the 20 patients receiving an MR scan, in at least 10 patients the GP consciously violated the 
research protocol by requesting an MR imaging. In the remaining 10 patients, we were not able to 
track down the requester of the MR imaging. The protocol violation did not influence the results, 
since the per protocol and intention to treat analyses showed similar results.
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PATIeNT SATISFACTIoN

Based on the key findings of the TACKLE trial, the statement in the Dutch clinical guideline ‘trau-
matic knee complaints’ for GPs that MR imaging is not recommended is strengthened with robust 
scientific evidence for patients aged 18 to 45 years with traumatic knee complaints. However, the 
results of the TACKLE trial also showed that more patients perceived to be recovered and more 
were satisfied after adding MR imaging. Patient satisfaction with the treatment is an important 
outcome in medical decision making. The increased patient satisfaction in the MR group may be 
influenced by patient preferences, expectations and illness perceptions.

The preference for MR imaging is reflected in i) the number of patients who declined randomi-
sation because they had a strong preference for an MR scan, ii) the increased drop out in the usual 
care group and iii) the referral to MR imaging by the GP in the patients randomised to usual care.

Patients with traumatic knee complaints tend to underestimate the duration of the recovery. 
A prospective cohort study in patients assigned for arthroscopy on suspicion of meniscus injury 
and later verified by arthroscopy showed that 59% of the patients had unfulfilled expectations 
after the surgery.8 The majority of the patients (91%) had expected to be fully recovered within 
three months after surgery. Satisfaction with the knee function was associated with expectations 
of leisure activities being fulfilled.

Also, patients create their own perceptions about their illness and the treatment. The Common 
Sense Model of self-regulation (CSM) contains a theoretical framework describing these illness 
perceptions.9 Research has shown that the beliefs of patients about their illness are associated 
with pain intensity and limitations in physical function in patients with musculoskeletal pain.10 
The CSM describes five dimensions of perceptions related to: the identity or label the patient as-
sociates with the illness, the perceived duration of the illness, the expected effects and outcome, 
the personal ideas about the aetiology and how one controls or recovers from the illness. For 
example, the ideas of the patient about the cause of the pain and/or limitations in physical func-
tioning in patients consulting their GP with knee complaints after a trauma may lead towards a 
strong desire for a more specific diagnosis, based on MR imaging rather than on history taking an 
physical examination. After structural abnormalities are determined on MR imaging, the solution 
will be sought in dealing with the structural abnormalities instead off the functional disabilities. 
Yet, MR imaging of the knee may lead to incidental asymptomatic findings, in which structural 
pathology is not related to pain and function.11,12 The preferences, expectations and illness per-
ceptions may influence the patient’ satisfaction and therefore must be made transparent by the 
GP during the first consultation, so targeted information and advice is possible.
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eFFeCT oF MR IMAGING IN PRIMARY CARe oN SuBSeQueNT dIAGNoSIS ANd 
MANAGeMeNT

The guideline panel of the Dutch clinical guideline ‘traumatic knee complaints’ for GPs concluded, 
after weighing the arguments and the available research there is insufficient reason to recom-
mend MR examination by the GP. However, the guideline panel stated in case indications for 
surgery are identified, MR imaging might play a role in primary care. In the TACKLE trial, MR 
findings that needed referral to an orthopaedic surgeon as defined by the research group before 
the trial commenced, predominantly were meniscal lesions and ACL lesions (chapter 4).

Meniscal lesions

Treatment paradigms of meniscal lesions have evolved during the past decades from complete 
resection to partial meniscectomy, and nowadays, meniscal lesions are repaired if possible, but 
also more and more treated conservatively.13 Research has shown that in patients with degenera-
tive meniscal lesions, the outcomes after meniscectomy were no better than those after placebo 
surgery.14 We evaluated the effectiveness of exercise therapy for meniscal lesions in adults in a 
systematic review and meta-analysis (chapter 8). We included RCTs published until June 2015 and 
found no difference between exercise therapy and meniscectomy on pain and function outcomes 
in patients with degenerative meniscal lesions. Since then, several RCTs and systematic reviews 
are published confirming no clinical relevant differences between meniscectomy and exercise 
therapy in patients with degenerative meniscal lesions.15-21 As knee surgery has several limita-
tions, such as the invasiveness of the procedure, the need for day admission in the hospital, the 
risk of complications and an increased risk of osteoarthritis,22 a recent published international 
clinical guideline recommends strongly against arthroscopic surgery in patients with degenera-
tive knee arthritis and meniscal tears.23,24 However, in the above mentioned RCTs comparing 
surgery versus conservative treatment in patients with degenerative meniscal lesions up to one 
third of the patients crossed over to the surgery group or opted for delayed surgery. Explorative 
analyses showed that patients who were most likely to cross over to meniscectomy had shorter 
symptom duration and a higher level of baseline pain.25,26 Noteworthy, the delayed surgery did 
not seem to improve the clinical outcomes compared to the conservative treatment.25 Our above 
mentioned systematic review and meta-analysis showed that there were no studies evaluating 
the effectiveness of exercise therapy compared to no exercise therapy in non-surgical patients 
with a meniscal lesion. The considerable amount of cross-overs to the surgery group and the lack 
of evidence about the effectiveness of exercise therapy in patients with meniscal lesion reflect 
the uncertainties about the optimal conservative treatment strategy in patient with degenerative 
meniscal lesions.

While there are many studies on the effectiveness of meniscectomy in patients with degenera-
tive meniscal lesions, the effectiveness of meniscectomy in younger patients or in patients with 
traumatic meniscal lesions remains unknown. There are two ongoing RCTs off which the results 
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will appear soon, one compares surgery to exercise therapy in younger patients (18 to 40 years) 
with meniscal lesions27, the other RCT compares meniscectomy to exercise therapy in patients 
with traumatic (non-degenerative) meniscal lesions.28 An upcoming treatment option for patients 
with a meniscal injury due to a trauma is a meniscal repair. In the Netherlands a meniscal repair is 
indicated in young patients, with a recent trauma and a peripheral horizontal tear in the vascular 
zone of the meniscus, where the torn meniscus is of good quality.29 However, there is a lack of 
evidence concerning the effectiveness and indications for meniscal repair. A recent meta-analysis 
comparing meniscectomy versus a meniscal repair identified only seven eligible studies, only one 
of it was an RCT.30 The short-term results of this RCT showed better knee function after partial 
meniscectomy than after arthroscopic meniscal repair in patients with intrasubstance meniscal 
lesions, however there were serious concerns about the risk of bias.31

Anterior cruciate ligament injuries

Another frequent indication for surgery contains a cruciate ligament tear. A Cochrane review from 
2016 assessing the effects of surgical versus conservative interventions for treating acute ACL 
injuries identified one eligible RCT.32 Low-quality evidence was found for no difference between 
surgical management and conservative treatment in patient-reported outcomes of knee function 
at two and five years after injury. Also, treatment with exercise therapy alone was a prognostic fac-
tor for less knee symptoms compared with early reconstruction plus exercise therapy.33 However, 
39% (23/59) of the patients in the conservative treatment group opted for ACL reconstruction for 
knee instability at two years and 51% (30/59) of the participants opted for ACL reconstruction af-
ter five years, indicating that there might be a subgroup of patients who may benefit from surgery. 
The Dutch guideline for orthopaedic surgeons recommends ACL reconstruction only in patients 
with symptomatic instability or persistent giving way (not improving after physical therapy and 
not responding to adjustment of activities).34 Tough, the evidence for the benefit from surgery 
for any such subgroup is lacking. The Cochrane review identified two ongoing trials assessing the 
effects of surgical versus conservative interventions for treating acute ACL injuries.35,36

IMPLICATIoNS FoR CLINICAL PRACTICe

Our study provides high quality evidence confirming that routine MR imaging of the traumatic 
knee should not enter the diagnostic pathway in primary care through direct access by the GP, as 
it does not improve patient outcomes nor reduces costs nor prevent from referral to secondary 
care. In the particular situation that the GP desires to request an MR scan to improve patient sat-
isfaction regardless of the costs, the GP has to be aware that he/she needs to refer 5 to 7 patients 
with traumatic knee complaints to MR imaging to yield one more satisfied patient. The most 
common traumatic knee complaints that are referred to an orthopaedic surgeon by the GP are 
meniscal lesions and cruciate ligament injuries. Especially in patients with degenerative meniscal 
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lesion, MR imaging will not affect subsequent management, since international clinical guidelines 
recommend conservative treatment in these patients. The treatment by the GP may be refined 
by enhanced and targeted information and advice, by making the preferences, expectations and 
illness perceptions transparent during the first consultation.

FuTuRe dIReCTIoNS FoR ReSeARCh

With the TACKLE trial, we determined with sufficient confidence that adding an MR imaging referral 
by the GP to usual care did not improve knee function and it is not cost-effective in patients aged 
18 to 45 years with traumatic knee complaints. However, there are some questions remaining.

There exists consensus about the recommendation not to perform surgery in patients with de-
generative meniscus lesions. However, since not all patients with degenerative meniscal lesions 
benefit from the current conservative treatment, future research should establish measurable 
indicators for unsuccessful conservative treatment to be able to design a targeted (conservative) 
treatment strategy for these patients. In patients with traumatic meniscal lesions, the two ongo-
ing RCTs will help to determine the effectiveness of surgery compared to conservative treatment 
in patients with traumatic meniscal lesions. Furthermore, indications for repair need to be distin-
guished. In case a subgroup of patients who benefit from repair is identified, the efficacy of MR 
imaging in primary care in patients who benefit from repair needs to be re-established. Although, 
indications for surgery may also solely be based clinical findings rather than abnormalities seen 
on MR imaging. In patients with ACL injuries, the results of the high risk of bias study showing 
no differences between conservative treatment and reconstruction need to be confirmed by the 
two ongoing trials. If these ongoing trials also show a substantial amount of patients opting for 
delayed reconstruction, we also need to distinguish measurable indicators identifying patients 
with ACL injuries who may benefit from surgery.

Until then, strengthening the recommendation against MR imaging referral in the guideline for 
GPs with robust scientific evidence might not withhold the GP to refer the patient to MR imaging. 
Barriers for guideline adherence should be investigated. Future research should focus on identify-
ing reasons for the GP to refer the patient to MR imaging to be able to design targeted treatment 
strategies. In the TACKLE trial we collected data on the GPs initial working diagnosis and the GP’s 
preferred management at baseline. However, these data are only available of a small number of 
patients and still have to be analysed. Moreover, these preferences may have been influenced by 
the possibility of MR imaging in the TACKLE trial.

Finally, more insight into which variables influence patient satisfaction is needed to improve the 
treatment of patients with traumatic knee complaints in general practice. For example, patient 
preferences, expectations and illness perceptions may be important mediators of the increased 
patient satisfaction after MR imaging. The value of patient education and intermediate care needs 
to be studies in this context.
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In chapter 1, we described the general introduction of this thesis. Patients with traumatic knee 
complaints regularly consult their General practitioner (GP). Magnetic resonance (MR) imaging 
might be a valuable diagnostic tool for GPs in making appropriate treatment decisions and reduc-
ing costs. However, MR imaging is not recommended in the Dutch clinical guideline ‘traumatic 
knee complaints’ for GPs, mainly because the diagnostic value and cost-effectiveness of direct ac-
cess by the GP to knee MR imaging is unknown. Whether MR imaging of the knee should enter the 
diagnostic pathway in primary care, through direct access by GP, depends on whether it improves 
patient outcomes, reduces costs and affects subsequent diagnosis and management. Therefore, 
the primary aims of this thesis were to describe over a period of 1-year follow-up whether MR 
imaging referral by the GP was non-inferior compared to usual care in patients with persistent 
traumatic knee complaints regarding self-reported knee related daily function and whether MR 
imaging by the GP is cost-effective compared to usual care in patients with persistent traumatic 
knee complaints. To assess the additional value of an MR scan in patients with traumatic knee 
complaints in general practice we conducted a randomised controlled non-inferiority trial with 
several clinical outcomes alongside cost-effectiveness analyses from the societal and healthcare 
perspective (TACKLE trial). We compared a group of patients with traumatic knee complaints 
receiving the usual care, containing information on the course of knee complaints, and a referral 
to a physiotherapist or orthopaedic surgeon when indicated (but not based on MR imaging) to a 
group of patients receiving a GP initiated MR scan on top of the usual care. With that, we were 
able to assess if adding MR imaging by the GP was at least not worse concerning clinical outcomes 
and we also were able to assess the differences between the groups in costs. We assumed that 
introducing the MR scan in an more early stage in the diagnosis of traumatic knee complaint, 
would led to less referrals to an orthopaedic surgeon.

In chapter 2, we identified the proportion of MR scans requested by the GP in patients aged 
between 18 and 45 years presenting with traumatic knee complaints in general practice in 2011, 
2012 and 2013, because it was unclear how often GPs request MR scans in patients with a trau-
matic knee complaint. We also assessed the medical consumption e.g. referral to physiotherapy 
or an orthopaedic surgeon.

We designed a cohort study with data originating from the Integrated Primary Care Informa-
tion database, a longitudinal database of electronic medical records of GPs in The Netherlands. 
Included were patients aged 18 to 45 years, diagnosed with knee complaints due to a trauma. 
Excluded were patients with a chronic internal knee trauma in the past or with known osteoar-
thritis of the knee, patients who visited the emergency department for current knee complaints 
and patients in whom the knee trauma was more than six months ago. The main outcome was 
the referral to knee MR imaging by the GP. In total, 303, 300 and 187 patients with traumatic 
knee complaints were included in 2011, 2012 and 2013 respectively. In 2011 50 (17%) of these 
patients were referred to an MRI, in 2012 35 (12%) and in 2013 18 (10%). We concluded that from 
2011 until 2013, yearly 10 to 17% of the patients with traumatic knee complaints were referred 
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to an MR scan by their GP. Secondary outcomes showed that of the patients with traumatic knee 
complaints about one fifth was referred to a physiotherapist and one third to an orthopaedic 
surgeon.

In chapter 3, we describe the research protocol of the TACKLE trial. To assess the cost-effec-
tiveness of referral to MR imaging by the GP compared to usual care in patients with persistent 
traumatic knee complaints we conducted a multi-centre, open labelled randomised controlled 
non-inferiority trial. Patients (aged 18-45 years) with knee complaints due to a trauma or sudden 
onset occurred in the preceding 6 months consulting their GP were eligible and randomised into 
two groups; 1) MR imaging group; referral for MR imaging of the knee by the GP, or 2) usual care 
group (no MRI). Patients in the usual care group received care according to the clinical guideline 
‘Traumatic knee complaints’ issued by the Dutch College of GPs, i.e. information on the course 
of knee complaints, and a referral to a physiotherapist or orthopaedic surgeon when indicated 
(but not based on MR imaging). The primary outcome measure was knee-related daily function 
measured with the Lysholm scale (0 to 100; 100=excellent function) over 1 year, direct and indi-
rect medical costs and quality of life. Secondary outcome measures were generic quality of life 
measured with the EuroQol 5-Dimensions (EQ-5D), the Knee Injury and Osteoarthritis Outcome 
Score (KOOS) subscales for pain, symptoms, function in daily living, function in sport and rec-
reation, and knee-related quality of life, severity of knee pain measured with a numeric pain 
rating scale (NPRS), and perceived recovery and patient satisfaction on a 7-point Likert scale, as 
well as the healthcare provided assessed using a medical consumption questionnaire. Outcomes 
were measured at baseline and at 1.5, 3, 6, 9, and 1-year follow-up. Furthermore, data on demo-
graphics, the GPs’ initial working diagnosis, the GPs’ preferred management at baseline, and MR 
findings were collected.

In chapter 4 we determined the frequency of MR findings in patients (18-45 years) with post-
traumatic knee complaints seen in general practice and determined the associations with patient 
and trauma characteristics, duration of complaints and clinical scores at baseline using the results 
of the MR imaging group of the TACKLE trial only. Prior to the start of this study, two orthopaedic 
surgeons (JV and RN), employed in two different participating centres of the TACKLE trial, defined 
‘positive’ MR findings that may need further specialized assessment and treatment by an ortho-
paedic surgeon. These were a trabecular fracture, a complete rupture of a collateral ligament, a 
meniscus tear, a cruciate ligament rupture and a full thickness cartilage defect. We developed a 
standardized knee MR report and trained the involved radiologists. We showed that 76 out of 
174 patients (39%) had a positive MR finding, predominantly anterior cruciate ligament (ACL) 
ruptures (22%) and/or traumatic meniscal tears (15%). Patients with a pre-existing musculosk-
eletal comorbidity had a two-fold lower prevalence of positive MR findings (21%), OR 3.0 (95% 
confidence interval [CI] 1.3 to 7.0). A ‘sports related trauma’ showed the highest OR of 4.6 (95% 
CI 2.2 to 9.3) for a positive MR finding. Clinical scores were statistically, significantly worse in 
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patients with positive MR findings, with mean differences ranging from 10 to 20%. Furthermore, 
increasing duration of complaints was correlated with decreasing prevalence rates of positive 
MR findings. Overall, a popping sound and direct swelling showed the highest positive predictive 
value of 65% for the presence of positive MR findings.

In chapter 5 we determined the proportion of patients with a knee trauma that returned to 
sports at 6-weeks and 3-months follow-up. Also examined were associations between no return 
to sports and baseline patient and trauma characteristics, knee complaints and MR findings, as 
well as the additive value of MR findings in predicting no return to sport. Included were patients 
with traumatic knee complaints included in the TACKLE trial. Patients were classified as ‘no 
return to sports’ (not able to participate in sports because of the knee complaints) or return to 
sports’ (sports at the same level as before the knee trauma, or at an adapted level). Potential 
baseline predictors for no return to sports were assessed using logistic regression analyses in 
which separate models were built for patient characteristics, trauma characteristics and baseline 
severity of knee complaints. The final model of patient characteristics, trauma characteristics and 
baseline severity of knee complaints was used in the subgroup of patients to assess the additive 
value of the MR scan. The area under the curves (AUC) were compared. Of the 356 patients 
included in the TACKLE trial, 282 (79%) participated in sports before the knee trauma and were 
included in the present study. We showed that at 6-weeks and 3-months follow-up, 147 (59%) 
and 175 (74%) patients, respectively, reported return to sports. Combining patient characteristics, 
trauma characteristics and knee complaints predicted no return to sports with an AUC of 0.86 
(95% CI 0.81 to 0.90) at 6-weeks and of 0.82 (95% CI 0.76 to 0.88) at 3-months follow-up. After 
adding MR findings, the AUC was 0.79 (95% CI 0.71 to 0.87) at 6-weeks and 0.79 (95% CI 0.70 
to 0.88) at 3-months follow-up. We concluded that 1 out of 4 patients reported no return to 
sport at 3-months follow-up. For patients who experienced a trauma during sport, for those who 
reported effusion during the previous week at baseline, and for patients who reported more pain 
in the previous 48 hours at baseline, the odds of reporting no return to sports increased. Adding 
MR findings to the patient characteristics, trauma characteristics and baseline severity of knee 
complaints did not improve the prediction of no return to sports.

In chapter 6, we described the impact of MR imaging after referral by the GP on knee pain, knee 
symptoms, function in daily living, sport and recreation, and quality of life. A total of 356 patients 
were included and randomised to MR imaging (n=179) or usual care (n=177) from November 
2012 to December 2015. MR imaging was non-inferior to usual care concerning knee-related daily 
function during 1-year follow-up, for the intention-to-treat (overall adjusted estimate: 0.33; 95% 
CI -1.73 to 2.39), and per-protocol (overall adjusted estimate: 0.06; 95% CI -2.08 to 2.19) analysis. 
Regarding the secondary outcomes, no differences were found between the groups on the EQ-5D 
scores, the KOOS subscales, and the NPRS. Nevertheless, patients in the MR group more often 
perceived themselves to be (completely/much) recovered (overall adjusted OR: 1.49; 95% CI 1.10 



176 Chapter 10

to 2.02), and more often reported to be (absolutely/very) satisfied (overall adjusted OR: 1.84; 
95% CI 1.31 to 2.57) during the 1-year follow-up. There were no differences between both groups 
in the amount of patients visiting other healthcare providers. We concluded that MR imaging 
in general practice in patients with traumatic knee complaints was non-inferior to usual care 
regarding knee-related daily function during 1-year follow-up. After adding MR imaging, although 
more patients perceived to be recovered and more were satisfied, the amount of referrals to 
other healthcare providers did not decrease.

In chapter 7 we described the cost-effectiveness of referral by the GP for MR imaging compared 
with usual care in patients aged 18–45 years with traumatic knee symptoms, assessed with a 
cost-utility analysis. A total of 356 patients with traumatic knee symptoms were included (mean 
age, 33 years ±8 [standard deviation]; 222 men [62%]). Patients were randomly assigned to usual 
care (n = 177) or MR imaging (n = 179) within 2 weeks after injury. The main outcome measures 
were quality-adjusted life years (QALYs) and costs from a healthcare and societal perspective. 
Multiple imputation was used for missing data. The Student t test was used to assess differences 
in mean QALYs, costs, and net benefits. The mean QALYs were 0.888 in the MR imaging group 
and 0.899 in the usual care group (P = .255). Healthcare costs per patient were higher in the 
MR imaging group (€1109) than in the usual care group (€837) (P = .050), mainly due to higher 
costs for MR imaging, with no reduction in the number of referrals to an orthopaedic surgeon in 
the MR imaging group. We concluded that MR imaging referral by the GP was not cost-effective 
in patients with traumatic knee symptoms; in fact, MR imaging led to more healthcare costs, 
without an improvement in health outcomes.

In chapter 8, we evaluated the effectiveness of exercise therapy in patients with meniscal le-
sions in a systematic review and meta-analysis. Nine databases were searched up to July 2015, 
including EMBASE and Medline OvidSP. Randomized and controlled clinical trials in adults with 
traumatic or degenerative meniscal lesions were considered for inclusion. Interventions had to 
consist of exercise therapy in non-surgical patients or after meniscectomy, and had to be com-
pared with meniscectomy, no exercise therapy, or to a different type of exercise therapy. Primary 
outcomes were pain and function on short term (≤3 months) and long term (>3 months). Two 
researchers independently selected the studies, assessed the risk of bias, and extracted data. 
We found that of the 1415 identified articles 14 articles describing 12 studies were included; all 
had some concerns about the risk of bias. There was no significant difference between exercise 
therapy and meniscectomy for pain (MD 0.27; 95% CI -4.30 to 4.83) and function (SMD -0.32; 
95% CI -0.68 to 0.03). After meniscectomy, there was conflicting evidence for the effectiveness 
of exercise therapy when compared to no exercise therapy for pain and function. There was no 
significant difference between various types of exercise therapy for pain (MD 19.30; 95% CI -6.60 
to 45.20) and function (SMD 0.01; 95% CI -0.27 to 0.28). We concluded that exercise therapy 
and meniscectomy yielded comparable results on pain and function. Exercise therapy compared 
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to no exercise therapy after meniscectomy showed conflicting evidence at short term, but was 
more effective on function at long term. The preferable type, frequency and intensity of exercise 
therapy remains unclear. The strength of the evidence was low to very low.

In chapter 9, we described the general discussion of this thesis. Our study provides high quality 
evidence confirming that routine MR imaging of the traumatic knee should not enter the diagnostic 
pathway in primary care through direct access by the GP, as it does not improve patient outcomes 
nor reduces costs nor prevent from referral to secondary care. There were some methodologi-
cal issues that may have impacted on the results of the TACKLE trial. Firstly, the patients were 
not blinded to the allocated intervention. The lack of blinding may have affected the subjective 
clinical outcomes. Secondly, the Lysholm scale was used to measure knee related daily function. 
Detecting small improvement in patients with reasonable knee function using the Lysholm scale 
might be difficult. However, all secondary clinical outcomes show consistent results of no differ-
ences between usual care and MR imaging. Also, we were faced with some challenged during 
the conduct of the TACKLE trial, mainly caused by the fewer eligible patients that participated in 
our trial by the GP during the consultation than anticipated. In order to collect sufficient data we 
had to make some changes to the TACKLE protocol after the trial commenced. This might have di-
minished the effect we found between the groups, however, explorative subgroup analysis in the 
originally defined patients showed consistent results of non-inferiority and no cost-effectiveness 
of MR imaging compared to usual care during the 1-year follow-up. Concerning the generaliz-
ability of our results, we have to be aware that in the TACKLE trial, GPs were instructed to invite 
all patients with traumatic knee complaints to participate in the study, while in daily practice GPs 
tend to identify patients who they consider to be in need of additional diagnostics. No consen-
sus exist among GPs about which patients are in need of additional diagnostics and there is no 
scientific ground on which these criteria can be based. The guideline panel of the Dutch clinical 
guideline ‘traumatic knee complaints’ for GPs stated that MR imaging might play a role in primary 
care in indications for surgery. However, the most common traumatic knee complaints that are 
referred to an orthopaedic surgeon by the GP are meniscal lesions and cruciate ligament injuries. 
Especially in patients with degenerative meniscal lesion, MR imaging will not affect subsequent 
management, since international clinical guidelines recommend conservative treatment in these 
patients. Future research should focus on indications for meniscal repair and a possible subgroup 
of patients with anterior cruciate ligament injuries who may benefit from surgery. In case these 
possible subgroups are identified, the efficacy of MR imaging in primary care in these patients 
needs to be re-established. Although, indications for surgery may also solely be based clinical 
findings rather than abnormalities seen on MR imaging.

Until that, the treatment by the GP may be refined by enhanced and targeted information and 
advice, by making the preferences, expectations and illness perceptions transparent during the 
first consultation.
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hoofdstuk 1 betreft de algemene introductie van dit proefschrift. Patiënten met traumatische 
knieklachten consulteren regelmatig hun huisarts. Magnetic Resonance (MR) beeldvorming 
kan een waardevol diagnostisch middel zijn voor de huisarts om een gepaste keuze te maken 
voor de behandeling en kosten als gevolg van verwijzing naar de tweede lijn te besparen. MR 
beeldvorming wordt echter niet aanbevolen in de standaard van het Nederlands Huisartsen 
Genootschap (NHG) voor ‘traumatische knieproblemen’, voornamelijk omdat de diagnosti-
sche waarde en kosteneffectiviteit van directe toegang van de huisarts tot MR beeldvorming 
onbekend zijn. Of MR beeldvorming van de knie de eerste lijn zou moeten betreden hangt af 
van of het 1) de uitkomsten voor de patiënt verbetert en 2) de kosten verlaagt. Daarnaast is 
het van belang om te bepalen of de MR scan de diagnose en de behandeling beïnvloedt. De 
primaire doelstellingen van dit proefschrift waren dan ook om gedurende een periode van één 
jaar te beschrijven of MR beeldvorming door de huisarts vergeleken met de gebruikelijke zorg 
bij patiënten met aanhoudende traumatische knieklachten 1) niet-inferieur was op het gebeid 
van knie gerelateerd dagelijks functioneren en 2) of het kosteneffectief was. Om de toegevoegde 
waarde van een MR scan bij patiënten met traumatische knieklachten in de huisartsenpraktijk te 
bepalen hebben we een gerandomiseerd gecontroleerd ‘non-inferiority’ onderzoek uitgevoerd 
met verscheidene klinische uitkomsten en een kosteneffectiviteitsanalyse vanuit maatschap-
pelijk- en gezondheidszorgperspectief (de TACKLE trial). We vergeleken een groep patiënten met 
traumatische knieklachten die de gebruikelijke zorg ontvingen, bestaande uit informatie over het 
beloop van de knieklachten en een verwijzing naar een fysiotherapeut of orthopedisch chirurg 
indien geïndiceerd (maar niet op basis van MR beeldvorming), met een groep patiënten die naast 
de gebruikelijke zorg een door de huisarts geïnitieerde MR scan kreeg. Met de resultaten konden 
we beoordelen of het toevoegen van MR beeldvorming door de huisarts tenminste niet slechter 
was met betrekking tot klinische uitkomsten en waren we in staat de verschillen in kosten tussen 
de groepen te beoordelen.

In hoofdstuk 2 hebben we het aantal verwijzingen van de huisarts naar een MR scan bij patiënten 
met traumatische knieklachten in 2011, 2012 en 2013 vastgesteld. Daarnaast hebben we de me-
dische consumptie bepaald, zoals bijvoorbeeld het aantal verwijzingen naar een fysiotherapeut 
en orthopedisch chirurg. Hiertoe hebben we een retrospectief cohort onderzoek uitgevoerd, met 
gegevens afkomstig van de Integrated Primary Care Information-database, een longitudinale 
database van elektronische medische dossiers van huisartsen in Nederland. Patiënten van 18 
tot 45 jaar, gediagnosticeerd met knieklachten als gevolg van een trauma, zijn in het onderzoek 
geïncludeerd. Geëxcludeerd zijn patiënten met een chronisch intern knietrauma in het verleden 
of met vastgestelde artrose van de knie, patiënten die de afdeling spoedeisende hulp bezochten 
voor acute knieklachten en patiënten bij wie het knietrauma meer dan zes maanden was geleden 
ten tijde van het consult met de huisarts. De primaire uitkomst was het aantal verwijzingen naar 
MR beeldvorming door de huisarts. In totaal werden 303, 300 en 187 patiënten met traumatische 
knieklachten geïncludeerd in respectievelijk 2011, 2012 en 2013. In 2011 werden 50 (17%) van 
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deze patiënten doorverwezen naar een MR scan, in 2012 35 (12%) en in 2013 18 (10%). We 
concludeerden dat van 2011 tot 2013 jaarlijks 10 tot 17% van de patiënten met traumatische 
knieklachten werd verwezen naar een MR scan door hun huisarts. Uit de secundaire uitkomsten 
bleek dat van de patiënten met traumatische knieklachten ongeveer een vijfde werd verwezen 
naar een fysiotherapeut en een derde naar een orthopedisch chirurg.

In hoofdstuk 3 beschrijven we het onderzoeksprotocol van de TACKLE trial. Om de kosteneffecti-
viteit van verwijzing naar MR beeldvorming door de huisarts in vergelijking met de gebruikelijke 
zorg bij patiënten met aanhoudende traumatische knieklachten te beoordelen, hebben we een 
multicenter, open-label gerandomiseerde gecontroleerde ‘non-inferiority’ onderzoek uitgevoerd. 
Patiënten in de leeftijd van 18 tot 45 jaar, met knieklachten als gevolg van een trauma (of plotse-
ling ontstaan) in de zes maanden voorafgaande aan het consult met hun huisarts, kwamen in 
aanmerking voor deelname aan het onderzoek. Deze patiënten werden gerandomiseerd tussen; 
1) verwijzing naar MR beeldvorming van de knie door de huisarts, of 2) gebruikelijke zorg (geen 
MR scan). Patiënten gerandomiseerd voor de gebruikelijke zorg kregen zorg volgens de NHG 
strandaard ‘Traumatische knieproblemen’, bestaande uit informatie over het beloop van de knie-
klachten en een verwijzing naar een fysiotherapeut of orthopedisch chirurg indien geïndiceerd 
(dus niet op basis van uitslag van MR beeldvorming). De primaire uitkomstmaten waren knie 
gerelateerd dagelijks functioneren (gemeten met de Lysholm-schaal: 0 tot 100, 100 = uitstekende 
kniefunctie), kosten vanuit het maatschappelijk- en gezondheidsperspectief (gemeten met de 
Medische Consumptie Vragenlijst en de Vragenlijst Productiviteitskosten van het ‘institute for 
Medical Technology Assessment’) en generieke kwaliteit van leven (gemeten met de EuroQol 
5-Dimensions: EQ-5D) gedurende één jaar. Secundaire uitkomstmaten waren: de subschalen voor 
pijn, symptomen, functie in het dagelijks leven, functie in sport en recreatie en knie gerelateerde 
kwaliteit van leven van de Knee injury and Osteoarthritis Outcome Score (KOOS), de ernst van 
de kniepijn gemeten met een numerieke pijnbeoordelingsschaal (NPRS) en ervaren herstel en 
patiënttevredenheid op een 7-punts Likert-schaal. Uitkomsten werden gemeten bij baseline en 
na anderhalf, drie, zes, negen en twaalf maanden. Daarnaast werden demografische gegevens 
verzameld en de initiële werkdiagnose van de huisarts, de voorkeursbehandeling van de huisarts 
bij baseline en MR bevindingen.

In hoofdstuk 4 bepaalden we de frequentie van MR bevindingen bij patiënten van 18 tot 45 jaar 
met traumatische knieklachten in de huisartspraktijk en bepaalden we de associaties met patiënt- 
en traumakarakteristieken, duur van klachten en klinische scores op baseline. Hiervoor maakten 
we gebruik van de data van de patiënten gerandomiseerd voor MR beeldvorming van de TACKLE 
trial. Voorafgaand aan de start van de TACKLE trial definieerden twee orthopedisch chirurgen (JV 
en RN), werkzaam in twee verschillende deelnemende centra, ‘positieve’ MR bevindingen die 
verdere gespecialiseerde beoordeling en behandeling door een orthopedisch chirurg vereisen. 
Deze bevindingen betroffen: een trabeculaire fractuur, een volledige ruptuur van een collateraal 
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ligament, een meniscusscheur, een kruisbandruptuur en een kraakbeendefect van volledige 
dikte. We ontwikkelden een gestandaardiseerd rapportage voor de MR beeldvorming en trainden 
de betrokken radiologen. We toonden aan dat 76 van de 174 patiënten (39%) een positieve MR 
bevinding hadden, voornamelijk bestaande uit een voorste kruisbandbandruptuur (22%) en/of 
een traumatische meniscusscheur (15%). Patiënten met een reeds bestaande musculoskeletale 
comorbiditeit hadden een tweevoudige lagere prevalentie van positieve MR bevindingen (21%), 
OR 3,0 (95% betrouwbaarheidsinterval 1,3 tot 7,0). Een sport gerelateerd trauma toonde de 
hoogste OR van 4,6 (95% CI 2,2 tot 9,3) voor een positieve MR bevinding. Klinische scores waren 
statistisch significant lager bij patiënten met positieve MR bevindingen, met gemiddelde verschil-
len variërend van 10 tot 20%. Bovendien was de toenemende duur van klachten gecorreleerd met 
de dalende prevalentiecijfers van positieve MR bevindingen. Over het algemeen vertoonde een 
knappend geluid en directe zwelling de hoogste positieve voorspellende waarde van 65% voor de 
aanwezigheid van positieve MR bevindingen.

In hoofdstuk 5 bepaalden we het percentage patiënten met een knietrauma dat terugkeerde naar 
sport na zes weken en drie maanden follow-up. Daarnaast hebben we de associaties vastgesteld 
tussen het niet hervatten van sport en baseline patiënt- en traumakarakteristieken, knieklachten 
en MR bevindingen, evenals de additieve waarde van MR bevindingen bij het voorspellen van het 
niet hervatten sport. Hiervoor hebben we gebruik gemaakt van de TACKLE trial data. Patiënten 
werden geclassificeerd als ‘geen terugkeer naar sport’ (niet in staat om te sporten vanwege 
knieklachten) of ‘terugkeer naar sport’ (sport op hetzelfde niveau als vóór het knietrauma, of op 
een aangepast niveau). Mogelijke baseline voorspellers voor ‘geen terugkeer naar sport’ werden 
beoordeeld met behulp van logistische regressieanalyses waarin afzonderlijke modellen werden 
gebouwd voor patiëntkenmerken, traumakarakteristieken en ernst van de knieklachten op base-
line. Vervolgens werd het gecombineerde model van patiëntkenmerken, traumakarakteristieken 
en ernst van de knieklachten op baseline gebruikt om de additieve waarde van de MR scan te 
beoordelen. De oppervlakten onder de receiver operating characteristic (ROC)-curves (area un-
der the curve, AUC) van de modellen werden vergeleken. Van de 356 patiënten die geïncludeerd 
waren in de TACKLE trial namen 282 (79%) patiënten deel aan sport vóór het knietrauma. Deze 
patiënten werden geïncludeerd in het huidige onderzoek. We toonden aan dat na een follow-up 
van zes weken en drie maanden respectievelijk 147 (59%) en 175 (74%) patiënten terugkeerden 
naar sport. Het combineren van patiëntkenmerken, traumakarakteristieken en knieklachten 
voorspelde ‘geen terugkeer naar sport’ met een AUC van 0,86 (95% CI 0,81 tot 0,90) na zes weken 
en van 0,82 (95% BI 0,76 tot 0,88) na drie maanden. Na toevoeging van MR bevindingen was de 
AUC 0,79 (95% BI 0,71 tot 0,87) na zes weken en 0,79 (95% BI 0,70 tot 0,88) na drie maanden. We 
concludeerden dat één op de vier patiënten niet teruggekeerd was naar sport na drie maanden. 
Voor patiënten die tijdens het sporten een trauma hadden meegemaakt, voor patiënten die in de 
week voorafgaande aan de baselinemeting effusie hadden gemeld en voor degenen die meer pijn 
meldden in de 48 uur voorgaande aan de baselinemeting, nam de kans op ‘geen terugkeer naar 
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sport’ toe. Het toevoegen van MR bevindingen aan de patiëntkenmerken, traumakarakteristieken 
en de ernst van de knieklachten op baseline verbeterde de voorspelling van ‘geen terugkeer naar 
sport’ niet.

In hoofdstuk 6 hebben we het effect van MR beeldvorming na verwijzing door de huisarts op 
kniepijn, kniesymptomen, functie in het dagelijks leven, sport en recreatie en kwaliteit van 
leven beschreven. Een totaal van 356 patiënten werd geïncludeerd en gerandomiseerd tussen 
MR beeldvorming (n = 179) of gebruikelijke zorg (n = 177) van november 2012 tot december 
2015. MR beeldvorming was niet inferieur aan de gebruikelijke zorg met betrekking tot knie 
gerelateerd dagelijks functioneren gedurende één jaar follow-up in de intention-to-treat analyse 
(gecorrigeerde schatting: 0,33; 95% CI -1,73 tot 2,39) en de per protocol analyse (gecorrigeerde 
schatting: 0,06; 95% CI -2,08 tot 2,19). Er werden geen verschillen gevonden tussen de groepen 
op de secundaire uitkomsten van kniepijn, kniesymptomen, functie in het dagelijks leven, sport 
en recreatie en kwaliteit van leven. Desondanks gaven patiënten in de MR groep vaker aan dat 
ze (volledig of grotendeels) hersteld waren (gecorrigeerde OR: 1,49; 95% CI 1,10 tot 2,02), en 
meldden ze vaker dat ze (absoluut of zeer) tevreden waren (gecorrigeerde OR: 1,84; 95% CI 1,31 
tot 2,57) na één jaar follow-up. Er was geen verschil tussen beide groepen in het aantal patiënten 
dat andere zorgverleners bezocht. We concludeerden dat MR beeldvorming in de huisartspraktijk 
bij patiënten met traumatische knieklachten niet inferieur was aan de gebruikelijke zorg met 
betrekking tot de knie gerelateerd dagelijks functioneren na één jaar. Na toevoeging van MR 
beeldvorming nam het aantal verwijzingen naar andere zorgaanbieders niet af, maar ervaarden 
wel meer patiënten hersteld te zijn en waren meer patiënten tevreden.

In hoofdstuk 7 hebben we de kosteneffectiviteit beschreven van verwijzing door de huisarts naar 
MR beeldvorming in vergelijking met de gebruikelijke zorg bij patiënten van 18 tot 45 jaar met 
traumatische knieklachten, beoordeeld met een kostenutiliteitsanalyse. In totaal werden 356 
patiënten met traumatische knieklachten geïncludeerd (gemiddelde leeftijd, 33 jaar ± 8 [stan-
daardafwijking], 222 mannen [62%]). Patiënten werden gerandomiseerd tussen gebruikelijke zorg 
(n = 177) of MR beeldvorming (n = 179) binnen 2 weken na het letsel. De primaire uitkomsten 
waren voor kwaliteit gecorrigeerde levensjaren (QALY’s) en kosten vanuit een gezondheids-
zorg- en maatschappelijk perspectief. Meervoudige imputatie werd gebruikt voor ontbrekende 
gegevens. De Student t-test werd gebruikt om verschillen in gemiddelde QALY’s, kosten en netto 
voordelen te beoordelen. De gemiddelde QALY’s waren 0.888 in de MR beeldvormingsgroep en 
0.899 in de gebruikelijke zorggroep (p = .255). De ziektekosten per patiënt waren hoger in de MR 
beeldvormingsgroep (€ 1109) dan in de gebruikelijke zorggroep (€ 837) (p = .050), voornamelijk 
als gevolg van hogere kosten voor MR beeldvorming zonder afname van het aantal verwijzingen 
naar een orthopedisch chirurg. We concludeerden dat MR beeldvorming door de huisarts niet 
kosteneffectief was bij patiënten met traumatische knieklachten; MR beeldvorming leidde tot 
méér zorgkosten, zonder een verbetering van de gezondheidsresultaten.
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In hoofdstuk 8 evalueerden we de effectiviteit van oefentherapie bij patiënten met meniscus-
scheuren in een systematische review en meta-analyse. Negen databases zijn doorzocht tot 
juli 2015, inclusief EMBASE en Medline OvidSP. Gerandomiseerde en gecontroleerde klinische 
onderzoeken bij volwassenen met traumatische of degeneratieve meniscusscheuren werden 
overwogen voor inclusie. De interventie moest bestaan   uit oefentherapie bij niet-chirurgische pa-
tiënten of na menisectomie en moest vergeleken worden met menisectomie, geen oefentherapie 
of een ander type oefentherapie. Primaire uitkomsten waren pijn en functie op korte termijn (≤ 
3 maanden) en lange termijn (> 3 maanden). Twee onderzoekers selecteerden de onderzoeken, 
beoordeelden het risico op vertekening en extraheerden de gegevens onafhankelijk van elkaar. 
Van de 1415 geïdentificeerde artikelen werden 14 artikelen waarin 12 onderzoeken werden 
beschreven geïncludeerd; bij alle artikelen was er sprake van vertekening. Er was geen significant 
verschil tussen oefentherapie en meniscectomie voor pijn (MD 0,27; 95% CI -4.30 tot 4,83) en 
functie (SMD -0,32; 95% CI -0,68 tot 0,03). Na menisectomie was er tegenstrijdig bewijs voor 
de effectiviteit van oefentherapie in vergelijking met geen oefentherapie voor pijn en functie. Er 
was geen significant verschil tussen verschillende soorten oefentherapie voor pijn (MD 19.30; 
95% CI -6.60 tot 45.20) en functie (SMD 0.01; 95% CI -0.27 tot 0.28). We concludeerden dat 
oefentherapie en meniscectomie vergelijkbare resultaten opleverden met betrekking tot pijn en 
functie. Oefentherapie vergeleken met geen oefentherapie na meniscectomie vertoonde op korte 
termijn tegenstrijdig bewijs met betrekking tot functie, maar was effectiever op lange termijn. 
Het bleef onbekend wat het optimale type van oefentherapie was en wat de optimale frequentie 
en intensiteit van oefentherapie waren. De bewijskracht was laag tot zeer laag.

hoofdstuk 9 betreft de algemene discussie van dit proefschrift. Ons onderzoek levert hoog-
waardig bewijsmateriaal dat routinematige MR beeldvorming van de traumatische knie het 
diagnostische pad in de eerstelijnszorg niet moet binnendringen door directe toegang door de 
huisarts, omdat het de uitkomsten van de patiënt niet verbetert, noch de kosten vermindert, 
noch voorkomt dat wordt doorverwezen naar de tweede lijn. Er waren enkele methodologische 
problemen die mogelijk van invloed waren op de resultaten van de TACKLE trial. Ten eerste waren 
de patiënten niet geblindeerd voor de toegewezen interventie. Het ontbreken van blindering 
kan de subjectieve klinische uitkomsten hebben beïnvloed. Ten tweede werd de Lysholm-schaal 
gebruikt om het dagelijks functioneren van de knie te meten. Het detecteren van kleine ver-
beteringen bij patiënten met een redelijke kniefunctie met behulp van de Lysholm-schaal kan 
moeilijk zijn. Alle secundaire uitkomstmaten laten echter consistente resultaten van geen verschil 
tussen de gebruikelijke zorg en MR beeldvorming zien. Daarnaast werden we geconfronteerd 
met een aantal problemen tijdens het uitvoeren van de TACKLE trial, voornamelijk veroorzaakt 
door de achterblijvende inclusie. Om voldoende gegevens te verzamelen, moesten we enkele 
wijzigingen in het TACKLE-protocol aanbrengen nadat het onderzoek was gestart. Dit kan het ge-
vonden effect tussen de groepen hebben verminderd, echter een exploratieve subgroep analyse 
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in de oorspronkelijk gedefinieerde patiënten toonde consistente resultaten van non-inferioriteit 
en geen kosteneffectiviteit van MR beeldvorming in vergelijking met gebruikelijke zorg tijdens 
één jaar follow-up. Wat de generaliseerbaarheid van onze resultaten betreft, moeten we ons 
ervan bewust zijn dat in de TACKLE trial de huisartsen de opdracht kregen om alle patiënten met 
traumatische knieklachten uit te nodigen om deel te nemen aan het onderzoek, terwijl in de 
dagelijkse praktijk de huisartsen de neiging hebben om patiënten te identificeren die zij beschou-
wen als zijnde ‘behoefte aan extra diagnostiek’. Er bestaat geen consensus tussen huisartsen over 
welke patiënten extra diagnostiek nodig hebben en er is geen wetenschappelijke basis waarop 
deze criteria kunnen worden gebaseerd. Het richtlijn panel van de NHG standaard ‘Traumatische 
knieproblemen’ verklaart dat MR beeldvorming een rol kan spelen in de eerste lijn bij een indi-
catie voor een operatie. De meest voorkomende traumatische knieklachten die door de huisarts 
naar een orthopedisch chirurg worden verwezen, zijn meniscus- en kruisbandscheuren. Vooral 
bij patiënten met degeneratieve meniscusscheuren zal MR beeldvorming de latere behandeling 
niet beïnvloeden; internationale richtlijnen bevelen conservatieve behandeling aan bij deze 
patiënten. Toekomstig onderzoek moet zich richten op indicaties voor meniscusherstel en een 
mogelijke subgroep van patiënten met letsels aan de voorste kruisband die baat kunnen hebben 
bij operaties. Indien deze mogelijke subgroepen worden geïdentificeerd, moet de effectiviteit van 
MR beeldvorming in de eerste lijn bij deze patiënten opnieuw worden beoordeeld. Hoewel indi-
caties voor chirurgie mogelijk ook uitsluitend gebaseerd zijn op klinische bevindingen, in plaats 
van op afwijkingen bij MR beeldvorming.

Tot die tijd kan de behandeling door de huisarts worden verfijnd door verbeterde en gerichte 
informatie en advies, door voorkeuren, verwachtingen en ziektepercepties transparant te maken 
tijdens het eerste consult.
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Potverdikkie, daar ligt ie dan! Wat ben ik ongelofelijk blij en een tikkeltje opgelucht dat het is 
gelukt! Wat waren de laatste loodjes zwaar en wat duurde die afrondende fase verdomde lang! 
Maar des te mooier is het eindresultaat en des te beter zal de champagne straks smaken.

Dat het me dan daadwerkelijk ook gelukt is dit proefschrift af te ronden heb ik voor een groot deel 
te danken aan een aantal belangrijke mensen.

Duizend maal dank voor alle deelnemende patiënten! Zonder alle informatie die jullie ons ver-
strekt hebben via de vragenlijsten was dit onderzoek nooit mogelijk geweest. En veel dank gaat 
uit naar de deelnemende huisartsen die naast hun drukke praktijkvoering bereid waren patiënten 
naar ons te verwijzen.

Mijn dank gaat uit naar de gehele onderzoeksgroep voor hun bijdrage aan de opzet van de studie 
en de welkome commentaren op de manuscripten: Monique Rijnierse, Patrick Bindels, Paul Algra, 
Wilbert van den Hout, Bart Koes, Rob Nelissen, Jan Verhaar en Hans Bloem.

Beste Kim, toen ik begon bij het Erasmus was jij net een maandje bezig in het LUMC met de opzet 
van het onderzoek. Het was meteen duidelijk dat je voortvarend van start was gegaan. Goed om 
te zien dat we er samen voor hebben gezorgd dat er voldoende patiënten geïncludeerd werden 
in de TACKLE trial. Je vastberadenheid en toewijding heeft je al ver gebracht en gaat je vast nog 
veel verder brengen!

Beste Pim, dank voor je begeleiding in de vijf jaar dat de data verzameling van de TACKLE trial 
duurde. Je rust heeft er altijd voor gezorgd dat ik me op een ontspannen manier kon concentreren 
op de uitvoering van het onderzoek. Je was altijd bereikbaar voor overleg en inhoudelijke feed-
back zodat ik weer verder kon. En daarnaast was je altijd in voor een lolletje!

Beste Sita, na het vertrek van Pim was jij mijn eerste aanspreekpunt bij het Erasmus. Jij hebt me 
door de laatste zware loodsjes heen gesleept. Je nuchtere kijk enerzijds en kritische blik ander-
zijds heeft ervoor gezorgd dat er een eindresultaat ligt waar we trots op kunnen zijn.

Lieve Diana, dank voor al je inspanningen bij het nabellen van patiënten en bezoeken van huis-
artsen. Zonder jouw toewijding hadden we deze inclusie en follow-up aantallen nooit gehaald! Ik 
wens je alle goeds voor de toekomst.

Lieve ex-collega’s van het Erasmus MC. Wat was het fijn om met jullie te werken. Jullie zorgden 
ervoor dat ik altijd weer met plezier naar m’n werk ging. Ik heb fijne herinneringen overgehouden 
aan de borrels, uitjes, congresbezoekjes en etentjes en ik zal altijd met een goed gevoel blijven 
terugdenken aan deze periode!
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Mijn lieve vriendinnen, Mette, Priscil, Dieuw, Laura, Madeleine, Marit, Minke, Nelleke, Sanne,  
Sofie, Saskia en Rachel wat zijn jullie belangrijk voor mij! Ook al heb ik jullie de laatste tijd veel 
te weinig gezien, jullie zitten altijd in mijn hart! Vele mooie momenten hebben we al samen 
meegemaakt in de vele jaren dat we met elkaar optrekken. Stuk voor stuk heb ik veel respect en 
bewondering voor jullie en ik ben jullie dankbaar voor de wijze levenslessen die jullie mij leren 
door een inkijkje te geven in jullie levens. Jullie geven mij energie!

Lieve papa en mama. Duizendmaal dank voor de kennis die jullie mij hebben gegeven om mijn 
leven tot een gelukkig leven te maken. Precies de juiste dosis liefde, vertrouwen en doorzet-
tingsvermogen hebben ervoor gezorgd dat ik het uiterste uit mijzelf kon halen. Jullie bieden mij 
een prachtig voorbeeld. Daarnaast ben ik jullie natuurlijk eeuwig dankbaar voor jullie tomeloze 
enthousiasme als het gaat om Wieke en Wester. Wat zijn ze gek op jullie ‘omi’ & ‘opi’. Wester: “opi 
is echt een glappenmaker hè mama”. Praktisch gezien was het onmogelijk geweest dit proefschrift 
(of alleen al dit dankwoord) te schrijven zonder jullie hulp.

Lieve Andries, Annechien en Geertje. Ik schrijf dit op het moment dat we vanavond met z’n vieren 
gaan eten voor een verlaat verjaardagscadeau. Ik hoop dat we nog veel van dit soort waardevolle 
momenten mogen beleven. Jullie zijn er al mijn hele leven en ik ben heel trots als ik zie hoe ieder 
zo z’n weg vindt!

En dan last, but not least mijn lieve man en kinderen. Lieve Wibbo, je hebt me alle liefde, ver-
trouwen en energie hebt gegeven die ik zo hard nodig had, daar ben ik je eeuwig dankbaar voor. 
Wat het leven voor ons ook in petto heeft, wij komen er wel! Ik heb bewondering voor jouw 
enthousiasme, kracht en toewijding en ik ben benieuwd naar ons tijdperk van ‘na de promotie’!!

Wieke en Wester, een knuffel van jullie is het mooiste wat ik me kan bedenken. Ik geniet van 
alle momenten samen. Ook al zijn jullie nog maar klein, de lessen die jullie mij leren zijn groots!
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