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Common Physical Examination Tests for
Patellofemoral Instability Demonstrate Weak

Inter-Rater Reliability

Laurie A. Hiemstra, M.D., Ph.D., F.R.C.S.C., Catherine L. O’Brien, M.D., F.R.C.S.C.,

Mark R. Lafave, CAT(C), Ph.D., and Sarah Kerslake, M.Sc. B.Phty.
Purpose: The purpose of this study was to assess the inter-rater reliability of 3 common physical examination assess-
ments, the Q-angle, J-sign, and apprehension test, used to evaluate patients presenting with recurrent lateral patellofe-
moral instability. Methods: A consecutive sample of 38 subjects with recurrent lateral patellofemoral instability in 2013
were included in this reliability study. Two orthopaedic surgeons performed the physical examination maneuvers blinded
to each other. The physical examination tests were performed bilaterally and included the Q angle, the J-sign, and the
apprehension test. To measure the inter-rater reliability, an intraclass correlation coefficient (ICC 2,k) was used for both
legs independently for Q-angle measurements. A Cohen’s kappa was used to measure the inter-rater reliability for the J-
sign and the apprehension test. Results: The measurement of the Q-angle demonstrated poor reliability (ICC 2,k 0.18-
0.44). The assessment of the J-sign demonstrated fair to moderate reliability (k ¼ 0.31 e 0.41), and the evaluation of
apprehension demonstrated fair to substantial reliability (k ¼ 0.30 e 0.65). All 3 clinical tests demonstrated substantial
variability comparing the reliability on the right and left limbs. Assessment of the quality of apprehension demonstrated
good agreement between the examiners. Conclusions: In this study of patients with recurrent lateral patellofemoral
instability the common physical examination tests, Q-angle, J-sign, and apprehension demonstrated weak inter-rater
reliability. These results indicate that these tests are not reliable for communication between health care practitioners
or as evaluations for clinical research. Level of Evidence: Level IV, therapeutic case series.
islocation of the patella is a common injury in
1
Dboth adolescent and adult populations, and sub-

sequent recurrent patellofemoral instability can lead to
significant disability and reduced quality of life.2 The
diagnosis of patellofemoral instability can be chal-
lenging and, similar to many orthopaedic conditions, is
dependent on a detailed history, comprehensive
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physical examination, and accurate diagnostic imaging.
Physical examination of the unstable patellofemoral
joint is not an unequivocal component of the diagnostic
process because a myriad of clinical tests and mea-
surements have been described in the literature.3-6 The
most commonly described tests are the Q-angle, the J-
sign, and the apprehension test.7 Unfortunately, clear
definitions or reference standards for these tests are
lacking, and, despite their widespread use, minimal
research has been published regarding validity, reli-
ability, sensitivity, or specificity.4 In addition, when
investigations of reliability and validity have been un-
dertaken, variations in technique and methodological
quality may affect the reported diagnostic accuracy.
Reproducible and reliable physical examination assess-
ments are necessary, not only for diagnosis but also to
inform an educated and evidence-based approach to
the management of patellofemoral instability.
The purpose of this study was to assess the inter-rater

reliability of 3 common physical examination assess-
ments, the Q-angle, J-sign, and apprehension test, used
to evaluate patients presenting with recurrent lateral
patellofemoral instability. The study hypothesis was
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that the Q-angle, J-sign, and apprehension tests would
not demonstrate strong inter-rater reliability in patients
with patellofemoral instability.

Methods
Consecutive patients presenting with patellofemoral

instability in 2013were identified. The inclusion criterion
was a confirmed diagnosis of recurrent patellofemoral
instability by one of the assessors. The exclusion criteria
were a previous medio-patellofemoral ligament recon-
struction, multi-ligament pathology, or worker’s
compensation cases. A total of 46 patients were assessed,
with 5 excluded for previous medio-patellofemoral liga-
ment reconstruction, 2 excluded for multi-ligament knee
injury, and 1 excluded as a worker’s compensation case.
Two orthopaedic surgeons, one an experienced
fellowship-trained sport medicine and arthroscopy
specialist with an interest in patellofemoral instability
(L.A.H.), and the other a fellow undertaking specialty
training (C.O.B.), were the raters for this study. The raters
performed the history and physical examination ma-
neuvers blinded to each other’s findings. The initial rater
varied,with 21 patients evaluatedfirst by the experienced
surgeon (L.A.H.) and 17 patients first by the fellow
(C.O.B.), for a total of 38 patients. The sample size was
estimated based on achieving moderate inter-rater reli-
ability of 0.6 to 0.8 and was determined to require 30
subjects.8

The physical examination tests were performed
bilaterally and included the Q angle, the J-sign, and the
apprehension test. The Q-angle was measured with the
knee supported on a foam roll at 30� of flexion so that
the patella was engaged in the trochlea. Using a long-
armed goniometer, the angle formed by lines from
the anterior superior iliac spine to the center of the
patella and to the tibial tuberosity was measured in
degrees. The J-sign was assessed in the sitting position
with the hip and knee at 90� of flexion. The patient was
asked to extend and flex their knee at moderate speed
several times while the tracking of the patella in the
trochlear groove was observed by the rater. The J-sign
was graded as positive or negative, as well as on a 5-
point Likert scale: unable/none/mild/moderate/severe.
The apprehension test was performed with the patient
in the supine position with the legs relaxed. The
examiner stood at the feet of the patient and used their
thumbs to exert sufficient lateral force onto the patella
to elicit a positive test. The patient’s face was observed
for the presence of discomfort or apprehension during
the maneuver. Positive or negative, the lateral pressure
would be discontinued before dislocation of the patella.
The amount of apprehension was also graded none,
mild, moderate, or severe. The qualitative nature of the
patient’s apprehension was described using multiple
descriptors. Verbal confirmation was selected when the
patient informed the examiner that they felt
uncomfortable with the test, but there was no physical
reaction. Reflex quadriceps activation was chosen when
the quadriceps activated in response to the apprehen-
sion test but there was no withdrawal of the leg.
Withdraw/squirm was chosen when the patient phys-
ically withdrew their leg from the examination. Refuse
testing was chosen when the patient would not allow
any translation of their patella by firmly co-contracting
their thigh muscles or taking other action to avoid
assessment. Physiologic was chosen when the patient
exhibited or reported sympathetic symptoms such as
flushing, sweating, or indicated heart rate changes in
response to testing.
To measure the inter-rater reliability, an intraclass

correlation coefficient (ICC 2,k) was used for both legs
independently for Q-angle measurements. ICC values
<0.5, 0.5 to 0.75, 0.75 to 0.9, and >0.90 were consid-
ered representative of poor, moderate, good, and
excellent reliability, respectively.9 A Cohen’s kappa was
used to measure the inter-rater reliability for the J-sign
and the apprehension test. Kappa values were inter-
preted according to the following classification: values
� 0 indicating no agreement, 0.01 to 0.20 as none to
slight agreement, 0.21 to 0.40 as fair agreement, 0.41 to
0.60 as moderate agreement, 0.61 to 0.80 as substantial
agreement, and 0.81 to 1.00 as almost perfect agree-
ment.10,11 Percent agreement of the raters was also
calculated for the inter-rater reliability of the dichoto-
mous classification of the J-sign and apprehension tests.
All data were analyzed using SPSS version 27 (IBM,
Armonk, NY). The study received ethics approval from
the University of Calgary Conjoint Health Research
Ethics Board and Child Health Research Office.

Results
The subjects consisted of 38 patients (11 male, 27

female); age 24.7 (standard deviation 9.4); body mass
index 23.6 (standard deviation 2.4), 13 with bilateral
symptoms, who presented for initial tertiary orthopae-
dic surgical consultation for recurrent lateral patellofe-
moral instability.
Inter-rater reliability for the physical examination

tests are presented in Table 1. The mean Q-angle
assessed on the right limbs was 9.92� and on the left
limbs was 10.58�. The measurement of the Q-angle
demonstrated poor inter-rater reliability. The assess-
ment of the J-sign demonstrated fair to moderate reli-
ability, and the evaluation of apprehension
demonstrated fair to substantial reliability, with vari-
ability evident based on the limb side assessed. When
the J-sign was graded on a dichotomous scale as posi-
tive or negative, the examiners agreed in 29/38 subjects
(76.3%) for the right knees and 26/38 subjects (68.4%)
for the left knees. For the apprehension test, the ex-
aminers agreed on the positive and negative classifica-
tions in 27/38 subjects (71.1%) for the right knees and



Table 1. Inter-Rater Reliability of the Physical Examination Test for Patellofemoral Instability

Physical Exam Test (Limb Side) Level of Agreement 95% Confidence Interval Agreement Classification9,10

Q-Angle (right) ICC 2,k ¼ 0.44 0.14 - 0.67 Poor
Q-Angle (left) ICC 2,k ¼ 0.18 0.15 - 0.47 Poor
J-Sign (right) k ¼ 0.31 0.08 - 0.54 Fair
J-Sign (left) k ¼ 0.41 0.18 - 0.64 Moderate
Apprehension Test (right) k ¼ 0.65 0.45 - 0.85 Substantial
Apprehension Test (left) k ¼ 0.30 0.08 - 0.52 Fair
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28/38 subjects (73.7%) for the left knees. These percent
agreement results indicate moderate to substantial
agreement. Assessment of the quality of apprehension
in terms of the physical and verbal reactions of the
subjects demonstrated consistency between the 2 ex-
aminers as shown in Table 2.

Discussion
This study has demonstrated that 3 common physical

examination tests for recurrent lateral patellofemoral
instability demonstrate weak inter-rater reliability.
Although the Q-angle, J-sign, and apprehension tests
are routinely included in the assessment of patients
with recurrent instability, these tests did not demon-
strate reliability between examiners for assessments
conducted on the same patients with recurrent lateral
patellofemoral instability. This study used grading for
the apprehension and J-sign tests in addition to a
dichotomous positive or negative scale. Unfortunately,
these graded assessments did not yield improved reli-
ability results. One potential explanation for the weak
reliability may be the lack of reference standards
regarding how to perform the test or classify the result.
Another consideration is that the tests as described
cannot repeatedly measure what they were designed to
assess. Importantly, without strong reliability these tests
cannot be valid.12

Clinical tests form the foundation of the orthopaedic
diagnostic process. A test’s ability to perform reliably or
to measure something consistently is an essential char-
acteristic for application in clinical practice,13 as well as
research. The statistical estimates of reliability used in the
current study included correlation, kappa, and percent
agreement. Although percent agreement provides for a
more instinctive interpretation, the correlation or kappa
provide more information because they take into ac-
count agreement beyond pure chance.9,13 Although the
Table 2. Number of Qualitative Ratings for Each of the
Assessment Categories in Response to the Apprehension Test

Examiner 1 Examiner 2

Verbal 24 24
Withdraw 6 2
Reflex 5 7
Refused 0 0
Physiological 14 11
percent agreement for the J-sign and apprehension tests’
dichotomous scales (positive or negative) appear strong,
the results indicated that assessors disagreed in 24% to
32% of patients. For a physical examination test to be
useful in clinical practice or research, the reliability must
reach a substantial level of agreement. Lower levels of
agreement indicate greater margins of error and a higher
likelihood of false-positive and -negative results. The
weak reliability results for the physical exam tests in the
present study are also disappointing when compared to
tests for other knee ligament injuries; for example, the
Lachman and Pivot shift tests have demonstrated 89% to
96% and 79% to 88% sensitivity respectively in
repeated studies. These results indicate strong reliability
that ensures these clinical tests are a key component of
diagnosis and treatment planning.14

The lack of reliability in this study may be attributed
to the differing levels of clinical experience of the ex-
aminers; however, the results were consistent with
studies that included experts in the field of patellofe-
moral instability.15,16 The clinical tests evaluated in this
study are common and routine assessment methods
that are taught in medical school and allied health
programs. In addition, the tests, including the grading,
were reviewed in detail between the raters before
commencing the study. Although there is some varia-
tion in experience between the 2 raters, they were in
fact both experts in musculoskeletal assessment. The
weak reliability results in the present study indicate that
the lack of validity of the clinical test is more likely the
cause of the poor reliability.
The Q-angle is a measure of the lateral force vector on

the patella that is created by the pull of the quadriceps
muscle through the pulley created by the patella to the
attachment of the patellar tendon onto the tibial tu-
berosity. An increased Q-angle reflects an increased
lateral displacing force on the patella, assuming that the
measure is a true reflection of the pull of the quadriceps
on a patella that is reduced in the trochlear groove. The
Q-angle has been used as a determinant for the risk of
recurrent patellofemoral instability and thereby used to
determine the need for a medializing tibial tubercle
osteotomy to reduce the lateral force vector. There are
many different descriptions of how to measure the
Q-angle that vary with regard to the position of the
patient, standing, sitting, or supine, and the position of
the knee at varying degrees of knee flexion.17,18 In a
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systematic review, Smith et al.4 determined that the
inter-rater reliability of a Q-angle assessment ranged
from 0.20 to 0.70 and the intra-rater reliability ranged
from 0.22 to 0.75. The lack of standardization of the
optimal technique to measure the Q-angle has likely
contributed to the ongoing disagreement regarding the
reliability and validity of the measurement. In this
study the measurement of the Q-angle was standard-
ized by performing the test with the patient supine and
the knee in 30� of flexion. At this angle, the patella
should be engaged in the trochlear groove, thus
providing an element of stability to the patella that was
reproducible for the measurement between raters.
Despite this standardized approach to testing, the ICCs
for the Q-angle in this study were poor. One reason for
this poor reliability result in contrast with previous
studies19 could be that the present study included only
subjects with patellofemoral instability, which has been
associated with abnormal femoral pathoanatomy. With
the introduction of the tibial tuberosity-trochlear
groove measurement, the Q-angle has been largely
replaced using the radiographic evaluation to deter-
mine the lateral vector acting on the patella.17,20,21

The J-sign is an assessment of the tracking pattern of
the patella in the femoral trochlea through a full range
of knee motion. It is performed by the examiner
observing the patient’s knee moving between flexion
and full extension and noting the presence of lateral
displacement of the patella in full extension, and medial
translation during early flexion as the patella re-
engages into the femoral groove. Although a well-
known component of a knee assessment, information
on the details of the grading of the J-sign are unclear.
Originally, the J-sign was described as a binary test
graded as positive or negative, this is a rather simplistic
grading for a complex test that is describing a 3-
dimensional motion of the patella. Although more
complex classifications have been published, these have
not gained widespread acceptance or usage, and the
reliability of this more complex grading has not been
determined.22 It is unclear whether it is the tracking of
the patella or an asymmetry to the other knee that is
considered positive. Because asymptomatic knees have
some inherent J-type tracking with movement of the
patella from lateral to medial with flexion of the
knee,23,24 the threshold to be considered abnormal is
unknown. The International Patellofemoral Study
Group (IPSG) evaluated the interobserver and intra-
observer reliability of the J-sign in patellofemoral ex-
perts and found that the intra-observer reliability was
0.28 or fair (P < .01) and the interobserver reliability
was 0.53 or moderate; however, the sample size in this
study was very small.15 A more recent IPSG study
assessed visual tracking of the patella using videos and
determined that in two-thirds of cases the experts
correctly identified the presence of patellar malt
racking; however, the experts correctly graded patellar
maltracking in only half.16 In the present study, fair to
moderate inter-rater reliability was noted, consistent
with the IPSG findings. On the basis of these research
findings, the use of J-sign for predictive value or to
guide surgical management should not be undertaken
until a valid and reliable classification is available.
The apprehension test measures the uneasiness or

anxiety that a patient feels when their unstable patella
is stressed laterally. Originally used as a binary diag-
nostic test for patients with lateral patellofemoral
instability,25 the verbal or nonverbal expression of
anxiety or fear that the patella may dislocate is
considered to constitute a positive test.3,6,26 Physical
reaction to the lateral pressure, such as reflex contrac-
tion of the quadriceps to limit lateral subluxation, is also
considered a positive test result.4 Studies have
demonstrated good specificity for the apprehension test
for lateral patellofemoral instability in 70% to 92% but
poor sensitivity in 7% to 37%3,27 In the present study,
assessment of apprehension on a more robust 5-point
Likert scale was variable, with reliability ranging from
fair to substantial. Interestingly, the reliability results for
the right and left knees were distinct, raising the
question about whether the hand or the eye dominance
of the rater may contribute to the rating of this test. In
addition, the apprehension test is often performed on
the less symptomatic knee first, so there may be some
learning curve for the patient and their reaction.
Apprehension is a complex examination sign that may

contain physical, emotional, and physiological compo-
nents. This study completed an initial evaluation of the
qualitative nature of the apprehension that a patient
exhibits with lateral translation of their patella. Further
study into the relationship between the qualitative na-
ture of apprehension and psychological components of
patellofemoral instability, such as catastrophizing, will be
interesting to explore in the future. Clearly, apprehen-
sion is more complex than the dichotomized data that
have been the standard to date. It may be that the
apprehension tests in the literature were inconclusive
because of the fact that the test was considered only
positive or negative, whereas recording apprehension on
a continuous scale for both its quantitative and qualita-
tive nature would be more appropriate.

Limitations
Limitations of this study include that it was performed

in a tertiary orthopaedic surgery clinic on patients with
symptomatic recurrent patellofemoral instability and as
such does not represent the full spectrum of patients
with patellofemoral instability. Consistency of testing
technique for each of the 3 assessments is another po-
tential limitation; however, the raters discussed these
tests at length during training, and thus the reliability
measurements should have been maximized. Despite
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this, the inter-rater reliability of the tests was lower
than expected. Considering the multifactorial nature of
lateral patellofemoral instability, more comprehensive
objective measures with robust reference standards and
classifications are essential to correctly assess, diagnose,
and treat patients.
Conclusions
In this study of patients with recurrent lateral patel-

lofemoral instability the common physical examination
tests, Q-angle, J-sign, and apprehension test, demon-
strated weak inter-rater reliability. These results indi-
cate that these tests are not reliable for communication
between health care practitioners or as evaluations for
clinical research.
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