
INTRODUCTION
Patients consulting their GP for disorders
related to a knee injury are interested in a
prediction of the course of these disorders,
as well as information or advice about
resuming work and/or sports activities. The
GP has the difficult, but indispensable, task
of predicting the patient’s prognosis as
accurately as possible.1–4 However, in the
case of a knee injury, the GP is faced with
lack of evidence.
The second Dutch national survey of

complaints for which patients consulted in
general practice reported an incidence of
traumatic knee disorders of 5.3 per 1000
patients annually.5 Studies on the natural
course of ligamentous knee injuries
(reviewed by Boks et al6) showed that, in the
case of an anterior cruciate ligament
rupture, a normal anterior cruciate
ligamentwas found onmagnetic resonance
imaging (MRI) in 42% (95% confidence
interval [CI] = 28 to 57) at 3-month follow-up;
at 11-month follow-up, results showed that
further repair was possible.7–8 Partial or
complete posterior cruciate ligament
ruptures showed regained continuity on
MRI in 93%of cases (95%CI = 80 to 98) at 3-
year follow-up.7–10 Data on the prognosis of
recovery after a knee injury are solely based
on secondary care populations.11–13 Long-
term studies show that knee injuries are an
important risk factor for the development of
osteoarthritis of the knee.14–16
MRI has become a normal procedure for

non-invasive diagnosis and gradation of the
severity of knee injuries in secondary
care.17,18 In primary care, however, theuseof
MRI in knee injuries is not yet common
practice, but is slowly being introduced. It
has previously been shown that patient
characteristics, history taking, and physical
examination have limited value in
diagnosing meniscal and ligament
damage;19–21 as MRI is an additional tool in
diagnosing such damage,17,18 it is
worthwhile to establish whether or not it
has additive prognostic value in primary
care.
This study ascertains whether specific

determinants from history taking and
physical examination in primary care have
predictive value for the prognosis of
persistent complaints 1 year after an acute
knee injury, andwhetherMRI has additional
predictive value for the prognosis of these
persistent knee complaints.

METHOD
Design
The Department of General Practice of
Erasmus Medical Center, University
Medical Center, Rotterdam, conducted a
large prospective cohort study on knee
complaints inprimary care. A total of 40GPs
from five municipalities in the southwest
region of the Netherlands asked patients
with new knee complaints to participate in
the general cohort study, with a follow-up of
1 year. This network represented a total
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Abstract
Background
Prognosis of persistent complaints after knee
injury is based on secondary care populations. In
a primary care setting, however, no studies have
addressed this issue.

Aim
To identify possible predictors of persistent
complaints 1 year after a knee injury. These
predictors are important for guiding the GP’s
therapeuticmanagement, and giving advice to
patients about work and/or sports-related
activities.

Designandsetting
Primary care prospective cohort study with a 1-
year follow-up period in fivemunicipalities in the
southwest region of theNetherlands.

Method
Patients whowere eligible were recruited to the
study by a GP research networkwith around
84 000 patients and 40 participating GPs. A total
of 134 patients (aged 18–65 years) who consulted
their GPwithin 5 weeks after a knee injury
entered the study. Follow-up after 1 year was
conducted in 122 patients. Themain outcome
was persistent complaints 1 year after injury;
possible predictors for these complaints were
obtainedwith a questionnaire, a physical
examination, andmagnetic resonance imaging
(MRI), according to a standardised protocol.

Results
After 1 year, of the 122 available patients, 21
(17%) reported persistent complaints and 101
(83%) reported full recovery ormajor
improvement. In this study being aged>40 years
had a significant association (P<0.05) with
persistent complaints (odds ratio 8.0, 95%
confidence interval 2.1 to 30.5). Physical
examination andMRI findings revealed no
predictors that were associatedwith these
complaints.

Conclusion
Being aged>40 years was the only determinant
with a significant association with persistent
complaints. As physical examination andMRI had
no predictive value, they are not recommended
for prognosis of persistent complaints.
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patient population of around 84 000
patients. Detailed information about the
study design has been published
previously.22

Patients with knee complaints were
informed about the general cohort study
during the initial consult with the GP and
were invited to participate. Those aged
18–65 years with a traumatic onset of knee
complaints, and who visited their GP within
5 weeks after initial injury, were also asked
to participate in an additional MRI study.
After registration of the patient at the
research centre of the Department of
General Practice, an appointment was
made, informed consent was acquired, and
patients completed the baseline
questionnaire If patients gave consent for
the additional MRI study, an appointment
for the MRI was scheduled; following this
MRI, a physical examination was
performed. Patients with MRI
contraindications — such as pregnancy,
metal implants, or a pacemaker — were
excluded from this MRI study.

Data collection
At baseline, the participating patients
completed a self-report questionnaire. The
questionnaire collected data on age, sex,
socioeconomic status, history of previous
knee injuries and/or surgery, present
symptoms, mechanism of injury, and the
level of activity during work or sport. The
therapeutic management initiated by the
GP at baseline was also recorded.
The severity of pain was obtained using

an 11-point numeric rating scale ranging
from 0 (no pain) to 10 (unbearable pain).23

The Lysholm knee score was used to
provide relevant information regarding pain,
swelling, instability, and functional

limitations such as walking and stair
climbing.24 The Lysholm score ranged from
0 (worst possible score) to 100 (excellent
score). The Tegner knee function score
(range: 0–10) was used to determine the
level of activity in work and sports prior to
theknee injury; 0: on sick leave/disability,10:
participation in competitive sports.24 The
Tegner score was obtained with the ‘level of
work’ and ‘sports activities’ determinants
from the questionnaires. In the final
questionnaire, at 1 year after baseline,
patients were asked to report their
perceived recovery using a seven-item
Likert scale categorised as ‘full recovery’,
‘major improvement’, ‘minor improvement’,
‘about the same’, ‘minor deterioration’,
‘major deterioration’, or ‘worse than
ever’.22,25
Persistent complaints were defined as

those in which, 1 year after the initial knee
injury, patients reported ‘minor
improvement’, ‘about the same’, ‘minor
deterioration’, ‘major deterioration’, or
‘worse than ever’. Patients’ reports of either
‘full recovery’ or ‘major improvement’ were
considered as signifying a clinically relevant
recovery.
The MRI was scheduled 2–6 weeks after

the initial trauma and used a 1.0 Tesla
General Electric device. The results of the
MRI were determined by two radiologists
independently, based on a standardised
classification form. In cases of
disagreement, the findings were discussed
until consensus was reached. Meniscal
tears were classified as horizontal,
longitudinal, radial, or complex. Anterior
cruciate ligament, posterior cruciate
ligament, medial cruciate ligament, and
lateral collateral ligament lesions were
classified as either partial or complete. At
the time of data collection for this study
there was no validated scoring system for
osteoarthritic features seen on MRI, so the
study adapted the most frequently used
method — the Kellgren and Lawrence
method26 — to score the severity of
osteoarthritis on X-rays. Detailed
information about the MRI procedure is
reported elsewhere.27
A physical examination was performed

immediately after the MRI, according to a
standardised protocol.22 A trained physical
therapist with ≥15 years’ experience in
performing physical examination in patients
with knee injuries and with ≥10 years’
experience in diagnostic research
performed the examination.28 Physical
examination of both knees consisted of
inspection of alignment and joint effusion,
palpation of temperature, collateral

How this fits in
Prognosis of persistent complaints after a
knee injury is based on secondary care
populations. In a primary care setting,
however, no studies have addressed this
issue. Being aged >40 years was found to
be a predictor for persistent complaints
1 year after a knee injury, whereas physical
examination and MRI findings showed no
association for persistent complaints. At
present, use of physical examination or
MRI for prognosis of persistent complaints
after knee injury is not recommended.
Based on this study, only history taking
shows some prognostic value and the
study cannot recommend physical
examination or MRI examination for
prognostic use.
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ligaments and joint line tenderness,
assessment of effusion, and passive range
of motion in flexion and extension.29,30
Cruciate and collateral ligament integrity
were assessedbymeans of the anterior and
posterior drawer tests,31 the Lachman
test,32 the pivot shift,33 and the valgus and
varus stress tests.34
To avoid influencing the behaviour of the

patient or the management by the GP
according to clinical guidelines for
traumatic knee complaints,35 the patients
and their GPs were not informed about the
findings of the MRI or physical examination
during the 1-year follow-up.

Statistical analysis
Descriptive statistics using SPSS (version
15.0) were used to present the baseline
characteristics of the study population and
the findings on the MRI. Binary logistic
regression analysis was used to determine
the association of isolated determinants
from history taking, physical examination,
and MRI with the presence of persistent
knee complaints after 1 year; these were
expressed as odds ratios (ORs) with a 95%
CI. To assess the independent prognostic
value of related determinants with
persistent complaints, multivariate
backward logistic regression analysis (P
entry 0.10, P removal 0.20) was used, using
determinants with an isolated association

(P<0.10) to eliminate redundant variables.
With the results of thismultivariate analysis,
a prognostic model was built and the area
under the curve (AUC) of the receiver
operating characteristic (ROC) curve was
calculated. Complete case analysis was
used.
To determine the additive predictive value

of MRI for the prognosis of persistent
complaints, the associated determinants
from MRI (P<0.10) were added in the
prognostic model using the Enter method.
Again, the AUCwas calculated. The additive
predictive value of MRI was determined by
the difference in the AUC in both models.

RESULTS
Study population
During the inclusion period, 184 patients
consulting their GP because of complaints
caused by a knee injury were eligible to
enter the MRI study; of those, 134 (73%)
patientswere included in theMRI study. The
50 non-participants filled in the baseline
questionnaire to enter in the general cohort
study but were unwilling or unable to
participate in the additional MRI study. The
participants and non-participants showed
no clinically significant differences at
baseline with regard to age, sex, pain
severity, or Lysholm knee score.20 In
addition, the patients available at follow-up
(n = 122) showed no relevant differences
compared with the patients who were
initially included (n = 134) (Table 1).
The baseline questionnaires were

available for 134 patients. In two patients
physical examination could not be
performed because of plaster
immobilisation at the time of the MRI. The
mean age of the participants was 40 years
(range = 18–64 years) and a small majority
was male (48%, Table 1). The majority of
patients (84%) had paid employment.
Before the initial trauma, 97 (72%) patients
participated in sports. Knee injuries were
frequently acquired during sports activities
(46%).

MRI findings
In 52 (39%) patients no meniscal tears, or
cruciate or collateral ligament lesions were
seen on the baseline MRI (Table 1). In the
remaining 82 (61%) patients, one of the
above-mentioned tears or lesions was
found on the MRI; more specifically, in 47
(35%) patients a meniscal tear was found,
while 34 (25%) patients showed an anterior
cruciate ligament or posterior cruciate
ligament lesion. Medial collateral ligament
or lateral collateral ligament lesions were
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Table 1. Characteristics of the participants at baseline and at 1-year
follow-up

Participants at baseline Participants at follow-up
Characteristic (n = 134) (n = 122)
Age in years, mean (SD) 40.2 (12.2) 40.8 (12.1)
Sex, female, n (%) 70 (52) 54 (44)
BMI, mean (SD) 26 (4.3) 26 (4.2)
SF-36 general health, mean (SD) 76 (18) 77 (18)
Symptom side right, n (%) 70 (52) 60 (49)
Pain severity, 0–10, mean (SD) 4.7 (2.4) 4.7 (2.3)
Lysholm knee function score, 0–100, mean (SD) 62 (22) 62 (22)
Employed, n (%) 113 (84) 89 (73)
Sports participation, n (%) 97 (72) 76 (62)
Cause of trauma
Work related, n (%) 20 (15) 61 (46)
Onset during sports activity, n (%) 18 (15) 58 (48)

Diagnosis as seen on MRI
No lesion, n (%) 52 (39) 82 (61)
Any lesion, n (%) 28 (21) 6 (4)
ACL lesion, n (%) 35 (26) 8 (6)
PCL lesion, n (%) 47 (35) 45 (37)
MCL lesion, n (%) 77 (63) 26 (21)
LCL lesion, n (%) 5 (4) 32 (26)
Meniscal tear, n (%) 8 (7) 45 (37)

ACL = anterior cruciate ligament. BMI = body mass index. LCL = lateral collateral ligament MCL =medial

collateral ligament. MRI = magnetic resonance imaging. PCL = posterior cruciate ligament. SD = standard

deviation. SF-36 = 36-item Short Form Health Survey.

ADHD = attention deficit hyperactivity disorder.
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found in 43 (32%) patients. In total, 36% of
the patients showed a combination of these
lesions on MRI.

1-year follow-up
At 1-year follow-up, a perceived recovery
score was available for 122 (91%) patients
(Table 2). Of these patients, 21 (17%)
reported persistent complaints, comprising
14, who reported ‘minor improvement’, four
who reported ‘about the same’, and three
who reported ‘minor deterioration’. None of
the patients reported ‘major deterioration’
or ‘worse than ever’. A total of 34 patients
(28%) reported ‘full recovery’ and 67 (55%)
reported ‘major improvement’. As such,
overall, 101 (83%) patients reported a
clinically relevant recovery.
In 15 patients, a total of 19 surgical

interventions were performed during the 1-
year follow-up: one anterior cruciate
ligament reconstruction and 18
arthroscopies. When excluding these
patients from the analyses the findings did
not change.

Binary analysis
After the binary logistic regression analysis,
four determinants from history taking
showed an association with persistent
complaints (P<0.10):

• age over 40 years;

• female sex;

• pain score of >5; and
• poppingsensationduring trauma(Table3).

From physical examination, one
determinant — pain at passive extension —
showed an association with persistent
complaints (P<0.10, Table 3). From the
findings on the MRI, effusion and adapted
Kellgren and Lawrence score of ≥2 showed
an association (P<0.10, Table 3).

Multivariate analysis
After multivariate logistic regression
analysis, at 1-year follow-up only being
aged >40 years showed a significant

association with persistent complaints
(P<0.05, OR 8.0, 95% CI = 2.1 to 30.5, Table
4). The AUC of the ROC of this model was
0.81.
Adding the determinants from MRI with

an additive association (P<0.10) to the
model did not alter the results of the
analysis, including the AUC of the ROC.

DISCUSSION
Summary
Of the 134 patients included in this study, 82
(61%) showed an isolated meniscal tear, a
ligament lesion, or a combination of both on
the baseline MRI. In the remaining 52 (39%)
patients, none of these damages was
reported.
Of the 122 patients available at 1-year

follow-up, 21 (17%) suffered frompersistent
complaints. The results of the multivariate
analysis showed that being aged >40 years
is the main predictor for persistent
complaints 1 year after injury (P<0.05). In
spite of ORs of ≥2.5, other determinants
such as sex, baseline pain score, and
popping sensation during trauma were not
significantly associated with persistent
complaints, probably due to lack of power.
Physical examination showed no predictive
value at all on the prognosis of persistent
complaints. In addition, the MRI showed no
additive prognostic value when added to the
model with factors from history taking. The
AUC in the model including MRI equalled
the AUC only with determinants from
history taking and physical examination.
During follow-up, some of the patients

underwent a surgical intervention due to
their knee injury. As these patients may
have a different perceived recovery
compared with patients without such
interventions, the study performed an
additional analysis excluding patients that
underwent arthroscopy or surgery during
the 1-year follow-up. The results of this
analysis showed no difference with regard
to the determinants involved.

The results suggest an influence of the
presence of osteoarthritis on persistent
complaints after knee injuries, although

Table2.Perceived recovery at 1-year follow-up
Clinicallyrelevantrecovery,n (%) Persistentcomplaints,n (%)

Perceivedrecovery Full recovery Major improvement Minor improvement About thesame Minordeterioration
Total groupa (n = 122) 34 (28) 67 (55) 14 (11) 4 (3) 3 (2)
No lesiongroup (n = 45) 15 (33) 22 (49) 5 (11) 2 (4) 1 (2)
Any lesiongroup (n = 77) 19 (25) 45 (58) 9 (12) 2 (3) 2 (2)
a12 patients were lost to follow-up, comprising seven in the groupwith no lesions, and five in the groupwith lesions.
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only<10%showed osteoarthritis on theMRI
at baseline. Further, almost all patients with
persisting complaints were aged >40 years,
which was the main predictive factor for
persistent complaints and overruled the
predictive value of the presence of
osteoarthritis; in these patients early
osteoarthritismight be due to the persistent
complaints.

Strengths and limitations
To this study’s knowledge, this is the first
study in primary care to report on the
prognosis of persistent complaints, 1 year
after having sustained a knee injury. The
spectrum of the damage to the knee
presented to the participating GPs is wide;
therefore, it can be assumed that this study
population represents the population of
patients with disorders caused by a knee
injury consulting the GP.
In the present study, the sample was

relatively limited and many variables were
tested; however, all these variables are part
of the normal clinical evaluation and should,
in the study’s opinion, be tested for their
relationship with persistent complaints. For
this reason, the study performed
bootstrapping with 500 replications and this
showed that the main predictive variable
(being aged >40 years) could only be
replicated in 269 samples. This shows that
caution is needed not to overinterpret the
presented results. As such, the
relationships found should preferably be
replicated in other primary care cohorts. As
a result of the limited sample, less
prominent but related variables might have
been missed, and clinically relevant

subgroup analyses (for example,
stratifications for age categories, or patients
with any confirmed lesion on MRI, or even
per lesion) could not be performed.

Comparison with existing literature
In this study’s analysis, MRI features usually
reported in a clinical setting were included.
A range of features thatmight relate to early
osteoarthritis were not included. For
example, degenerative meniscal lesions
were scored as such, but not included as
meniscal tears in the analyses because they
were present in a high percentage of the
study patients (that is, >60%);27 further, they
were equally distributed in the traumatic
and non-traumatic knee and, subsequently,
not related to the trauma.27 However,
including such featuresmight better explain
persistent complaints. The influence of
trauma with respect to the acceleration of
osteoarthritis needs more studies with a
longer follow-up to allow for the monitoring
of complaints and functional capacity over
time.

Implications for practice
In this heterogeneous population consulting
after a knee injury in general practice, MRI
does not seem to have additive predictive
value in the 1-year prognosis after such
injury. However, in larger populations, or in a
more homogeneous population, MRI or
physical examinationmight be of prognostic
value; this needs further investigation. At
present, only history taking shows some
prognostic value and the study cannot
recommend physical examination or MRI
examination for prognostic use.
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