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Reliability of 2-Dimensional Video Assessment
of Frontal-Plane Dynamic Knee Valgus
During Common Athletic Screening Tasks
Allan Munro, Lee Herrington, and Michael Carolan
Context: Two-dimensional (2D) video analysis of frontal-plane dynamic knee valgus during common athletic
screening tasks has been purported to identify individuals who may be at high risk of suffering knee injuries
such as anterior cruciate ligament tear or patellofemoral pain syndrome. Although the validity of 2D video
analysis has been studied, the associated reliability and measurement error have not. Objective: To assess the
reliability and associated measurement error of a 2D video analysis of lower limb dynamic valgus. Design:
Reliability study. Participants: 20 recreationally active university students (10 women age 21.5 ± 2.3 y, height
170.1 ± 6.1 cm, weight 66.2 ± 10.2 kg, and 10 men age 22.6 ± 3.1 y, height 177.9 ± 6.0 cm, weight 75.8 ± 7.9
kg). Main Outcome Measurement: Within-day and between-days reliability and measurement-error values
of 2D frontal-plane projection angle (FPPA) during common screening tasks. Interventions: Participants
performed single-leg squat and drop jump and single-leg landings from a standard 28-cm step with standard
2D digital video camera assessment. Results: Women demonstrated significantly higher FPPA in all tests
except the left single-leg squat. Within-day ICCs showed good reliability and ranged from .59 to .88, and
between-days ICCs were good to excellent, ranging from .72 to .91. Standard error of measurement and smallest detectable difference values ranged from 2.72° to 3.01° and 7.54° to 8.93°, respectively. Conclusions: 2D
FPPA has previously been shown to be valid and has now also been shown to be a reliable measure of lower
extremity dynamic knee valgus. Using the measurement error values presented along with previously published
normative data, clinicians can now make informed judgments about individual performance and changes in
performance resulting from interventions.
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Injury to the knee-joint complex is one of the most
commonly occurring injuries in a number of sports.1,2
Most knee injuries such as anterior cruciate ligament
tears and patellofemoral pain syndrome occur through
noncontact or overuse mechanisms. 1,3 The cause of
such noncontact and overuse injuries is multifactorial.
Abnormal lower limb biomechanics during activity has
been widely postulated as a factor in the etiology of both
traumatic and overuse knee injury.3–6 Altered hip, knee,
and ankle kinematics have been termed dynamic knee
valgus4 and are widely reported to be related to knee
injury.3,4,6 Other factors include changes in lower limb
kinetics and muscle strength or length.
A number of screening tests have been used in the
literature to assess dynamic knee valgus. These have
included the single-leg squat5,7,8 (SLS), drop vertical
jump,4,9,10 drop landing,11 and single-leg landing12 (SLL).
Most of these studies used 3-dimensional (3D) motion
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analysis to quantify lower limb biomechanics, and these
methods are seen as the gold standard for analyses of
this type. However, because of the financial, spatial, and
temporal cost of 3D motion analysis it is not practical
for most clinical settings or for use in large screening
programs useful to sport. Therefore, 2-dimensional
(2D) techniques, which employ less expensive, portable,
and easy-to-use equipment, may be more useful. Twodimensional analysis has been used previously to measure knee-valgus angle in athletic, general, and injured
populations.7,9
Willson et al7 introduced the use of frontal-plane
projection angle (FPPA) of the knee to quantify kneevalgus motion during the SLS test. Two recent studies
have looked at the validity of 2D video analysis in
quantifying FPPA of the knee compared with existing
3D techniques.5,13 Two-dimensional peak FPPA was
shown to account for 58% to 64% of the variance in
average peak 3D knee-abduction angle between subjects
during side-step and side-jump activities.13 Willson and
Davis5 found that 2D FPPA reflected 23% to 30% of the
variance of 3D values. More interesting, they found that
2D FPPA was significantly correlated with both knee
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external rotation and hip adduction, 2 major components of dynamic valgus. They concluded that although
2D analysis is not a substitute for 3D measurements of
lower limb kinematics, it is useful for screening kneejoint FPPA to identify high-risk athletes.5,13 Individuals
who demonstrate excessive 2D knee valgus are thought
to demonstrate 3D kinematics that leaves them at high
risk of knee injuries such as anterior cruciate ligament
tears and patellofemoral pain syndrome. Furthermore, 2D
analysis may be useful for evaluating the value of training and intervention programs in reducing frontal-plane
dynamic knee valgus.9
To date, only intraclass correlation coefficients for
within-day reliability of FPPA have been presented,7 with
no study presenting measurement error values associated with these tests. Therefore, further investigation
of the reliability of 2D FPPA is needed before it can be
recommended for use in screening tests. If the reliability
and measurement error of this screening method can be
established, clinicians will be able to use the tests with
confidence while also being able to evaluate individual
performance more informatively. Therefore, the aim of
this study was to assess the reliability and associated
error measurement of 2D video analysis of lower limb
dynamic valgus.

Methods
Participants
Twenty recreationally active participants (10 women age
21.5 ± 2.3 y, height 170.1 ± 6.1 cm, weight 66.2 ± 10.2
kg and 10 men age 22.6 ± 3.1 y, height 177.9 ± 6.0 cm,
weight 75.8 ± 7.9 kg), all of whom were university students, volunteered for the study. Subjects were required
to be free from lower extremity injury, defined as any
complaint that stopped them from undertaking their
normal exercise routine, for at least 6 months before
testing and have no history of lower extremity surgery.
To qualify as recreationally active, subjects were required
to participate in a minimum of 30 minutes of physical
activity three times a week on a regular basis over the past
6 months, which included recreational and competitive
sports. All participants gave written informed consent to
participate, and the university research and ethics committee approved the research.

Procedures
Before testing, markers were placed on the lower extremity of each subject to approximate the radiographic
landmarks employed by Willson et al7 and Willson and
Davis.5 Markers were placed at the midpoint of the femoral condyles to approximate the center of the knee joint,
midpoint of the ankle malleoli for the center of the ankle
joint, and on the proximal thigh along a line from the anterior superior iliac spine to the knee marker. The midpoints
were determined using a standard tape measure, and all
markers were placed by the same experimenter. These

markers were used in order for FPPA of the knee to be
determined from digital images using Quintic software
package (9.03 version 17).
Testing took place on 2 force plates; this gave the
participants a reference point and ensured that the trials
were undertaken in front of the digital video camera (Sony
Handycam DCR-HC37), which was wall mounted at a
height of 60 cm, 10 m away from the force plates. Digital video footage was recorded at a standard 10× optical
zoom throughout each trial to standardize the camera
position between subjects, after which the footage was
downloaded to Quintic. A single experimenter digitized
the markers placed on the subject, enabling FPPA of the
knee to be ascertained.
Participants were tested twice on day 1 (tests 1 and
2), with the tests separated by 1 hour, to assess withinday reliability. Participants were then tested again exactly
1 week later (test 3) at the same time of day to assess
between-days reliability.
Subjects were allowed practice trials before each
test until they felt comfortable; this was typically 2 or 3
trials. After familiarization each participant performed
3 trials of each test. Both legs were tested and analyzed
for all tests.
SLS. Subjects were asked to stand on the test limb,
facing the video camera. They were asked to squat
down as far as possible, to at least 45° knee flexion,
over a period of 5 seconds. Knee-flexion angle was
checked during practice trials using a standard goniometer (Gaiam-Pro), then observed by the same examiner
throughout the trials. There was also a counter for each
participant over this 5-second period, in which the first
count initiates the movement, the third indicates the
lowest point of the squat and the fifth indicates the end.
This standardizes the test for the participant, thereby
reducing the effect of velocity on knee angles. Trials were
only accepted if the subject squatted to the minimum
desired degree of knee flexion and maintained balance
throughout.
Drop Jump. Subjects stood with feet shoulder-width

apart on a 28-cm-high step, 30 cm from the force plates.
They were instructed to lean forward and drop from the
step as vertically as possible, in an attempt to standardize landing height.14 Subjects were required to land with
one foot on each of the force plates, then immediately
perform a maximal vertical jump, finally landing back on
the force plates. There were no set instructions regarding
arm movement, only for the subjects to perform the jump
naturally. The initial landing from the step was used for
analysis purposes.10
Single-Leg Landing. As with the drop-jump task, subjects dropped from a 28-cm step, again leaning forward
and dropping as vertically as possible. They were asked
to take a unilateral stance on the contralateral limb and to
step forward to drop onto the force platform corresponding to the landing leg, ensuring that the contralateral leg
made no contact with any other surface.10
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Results

FPPA. FPPA of the knee was measured as the angle

subtended between the line from the markers on the
proximal thigh to the knee joint and the line from the
knee joint to the ankle7 at the frame that corresponded
with the point of maximum knee flexion, as shown in
Figure 1. Positive FPPA values reflected knee valgus,
excursion of the knee toward the midline of the body
so that the knee marker was medial to the line between
the ankle and thigh markers, and negative FPPA values
reflected knee varus.

Statistical Analyses
All statistical analysis was conducted using SPSS for
Windows version 16.0 (SPSS Inc, Chicago, IL). Independent t tests were carried out to assess differences between
men and women and left and right legs. Alpha levels were
set at .05 for all tests. Intraclass correlation coefficients
(ICC3,1)15 assessed within- and between-sessions reliability, from which 95% confidence intervals (CI), standard
error of measurement (SEM), and smallest detectable
difference (SDD) were calculated to establish random
error scores. ICC values were interpreted according to
the following criteria16: poor <.40, fair .40 to .70, good
.70 to .90, and excellent >.90.
SEM was calculated using the formula17
SD (pooled) × 1 − ICC
and SDD was calculated from the formula18
1.96 × 2 × SEM

(a)

(b)

First, all data from tests 1–3 were analyzed for differences between sex and limbs. Women demonstrated
significantly higher valgus (P < .05) than men for all
tests except SLS left (P = .057), so men and women were
analyzed separately for all further analysis. No differences were found between left and right legs (P > .05)
in either sex, so men and women were grouped during
all further analysis.
Within-session reliability was shown to be good for
all tests, with the exception of SLS in women. ICCs and
95% CIs are shown in Table 1. ICCs ranged from .59 to
.88 for women, the SLS accounting for the fair score of
.59, and men’s ICCs ranged from .79 to .86.
Table 1 Within-Day Intraclass Correlation
Coefficients (ICC) and 95% Confidence
Intervals (CI) for the 3 Tests
Test

ICC

95% CI

Men
single-leg squat
drop jump
single-leg landing

.86
.83
.79

.77–.92
.72–.90
.65–.87

Women
single-leg squat
drop jump
single-leg landing

.59
.88
.75

.31–.75
.80–.93
.58–.85

(c)

Figure 1 — Frontal-plane projection angle during (a) single-leg squat, (b) drop jump, and (c) single-leg landing.
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Between-sessions reliability was good to excellent
for all tests and can be seen in Table 2. ICCs ranged from
.72 to .91 for women, with SLS again showing the lowest
reliability, and .8 to .89 for men. SEM and SDD values
can also be seen Table 2. SEM scores ranged from 2.72°
to 3.22° and SDDs from 7.54° to 8.93°.

Discussion
Dynamic knee valgus during common athletic tasks has
been postulated as an injury risk factor for the knee-joint
complex.3–6 Dynamic valgus can be assessed using a
number of different screening tests.4,7,11,12 Most studies to
date have used 3D methods to assess lower limb kinematics. Recently, however, the use of 2D video analysis has
become more common because of its greater practicality.
The validity of 2D assessment of FPPA compared
with 3D analysis has previously been established,5,13 but
the reliability of the 2D technique is not well established,
especially with regard to test–retest repeatability.
The main aim of the current study was to assess the
reliability of 2D digital video analysis of FPPA during
SLS, drop jump, and SLL. The good to excellent ICC
values suggest that 2D analysis of FPPA is reliable both
within and between days. Our results, coupled with those
of the validity studies mentioned, suggest that this method
may be used in future research, clinical and large-scale
screening projects to assess lower extremity dynamic
valgus in the absence of more sophisticated 3D motion
analysis, with confidence. It is interesting to note that the
between-days reliability of the women’s SLS was higher
than within-day, but ICCs can be affected by a lack of
variability within scores, which may be present within
test sessions more than between sessions and may account
for the lower ICC.
The second aim of the current study was to explore
the measurement error with the use of 2D FPPA. The
SEM provides an estimate of precision of a particular
measurement and consequently a range within which
an individual’s true score is likely to lie.19 The SDD
statistic gives an indication of the minimal change in

score between tests that can be regarded as statistically
significant.18 Both the SEM and SDD are expressed in
the same units as the original measurement. If these
measurement error values for a specific test are known,
changes between test sessions can be evaluated to determine whether any changes are true changes in individual
performance or measurement error.20 This is particularly
important when assessing the effect of interventions on
performance. For example, if a female athlete’s 2D FPPA
during the drop jump were measured before and after an
intervention, we could be confident that her true score
lies within 3° of the observed score on both occasions.
Furthermore, if the athlete’s 2D FPPA did not improve
by at least 8.3° we could say that the intervention did not
have a significant effect on her lower limb control during
the drop-jump test.
Normative 2D FPPA values for the drop-jump and
SLL tasks have been reported previously.10 The authors of
that study suggested that “average” performance resulted
in values of 7° to 13° and 5° to 12° for the drop-jump and
SLL tasks, respectively, in women and 3°–8° and 1°–9° in
men. It was also suggested that subjects who demonstrate
valgus FPPA values in excess of these normal values
may be demonstrating kinematics that are detrimental
and may increase the risk of injury to the patellofemoral
joint or anterior cruciate ligament. Our results on healthy
participants compare well to these values, with men’s and
women’s mean SLL values of 4.69° and 7.33° and dropjump values of –5.51° and 8.15°, respectively. Many of
the male participants presented with varus angles during
the drop-jump task, which may account for the 8° difference from the normative values, and although participants
in both studies were recreationally active, this does not
account for the type of activity in which they participate
and the effect this may have on their lower limb control.
As has been discussed, 2D FPPA measurements
cannot substitute for the accuracy and magnitude of 3D
lower extremity joint rotations during the athletic tasks.
However, they do provide a reliable and valid measure
of gross lower limb kinematics in the absence of 3D
measurements. Although we controlled for the minimum

Table 2 Overall Mean Values and Between-Days Intraclass Correlation
Coefficients (ICC), 95% Confidence Intervals (CI), Standard Error of Measurement
(SEM), and Smallest Detectable Difference (SDD) for the 3 Tests
Test

Mean

SD

ICC

95% CI

SEM

SDD

.88

.82–.93

2.75

7.63

9.06

.89

.83–.93

3.00

8.32

Men
single-leg squat

8.64

drop jump

–5.51

single-leg landing

4.69

.80

.70–.88

2.72

7.54

single-leg squat

11.07

.72

.56–.82

3.22

8.93

drop jump

8.15

.91

.87–.95

3.01

8.34

single-leg landing

7.33

.82

.72–.88

2.85

7.90

Women
10.02
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knee-flexion angle, it is unclear whether increased
knee-flexion angles affect the amount of dynamic knee
valgus measured, and further investigation of this possible confounding factor is needed. Another limitation
of this study is the population used. All subjects were
healthy, recreationally active university students. It is
unclear whether 2D FPPA may be influenced by age or
by activity levels, so these results may not be applicable
to elite athletes, injured, or adolescent and older age
groups. Further study on other populations is required as
a result. Finally, only intrarater reliability was assessed
in this study; further study looking at interrater reliability
is therefore required.
Although the drop-jump test has been linked to anterior cruciate ligament injury in female athletes and shown
to be sensitive to changes in training,4,9 the validity of the
SLS and SLL tests with regard to injury prediction has not
been studied. Two-dimensional assessment of these tests
provides a simple, inexpensive, and reliable alternative
for clinicians and with further validation may be useful
for large-scale injury-risk screening.

Conclusion
Now that the reliability, measurement error, and validity
of 2D FPPA to assess dynamic knee valgus have been
established, prospective injury-risk and intervention
studies should employ this method to screen participants’
lower limb mechanics. Using the SEM and SDD values
presented in this article, clinicians and researchers can
now make informed decisions on whether changes in
performance are random error or true changes in individual performance.
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