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DOES THE DUNCAN-ELY TEST PREDICT ABNORMAL ACTIVITY OF THE RECTUS
FEMORIS IN STROKE SURVIVORS WITH A STIFF KNEE GAIT?
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Objective: To determine the diagnostic value of the
Duncan-Ely test in predicting abnormal rectus femo-
ris activity during gait in stroke survivors walking
with a stiff knee gait.

Design: Cross-sectional diagnostic study.

Subjects: A total of 95 patients with chronic stroke.
Methods: During physical examination, the Duncan-
Ely test was performed and scored. Surface electro-
myography of the rectus femoris was then recorded
during dynamic gait. To determine the diagnostic
value, the results of the Duncan-Ely test and surface
electromyography recordings (gold standard) were
compared.

Results: The Duncan-Ely test had a sensitivity of
73%, a specificity of 29%, a positive predictive va-
lue of 60%, and a negative predictive value of 42%.
The area under the curve was 0.488 (95% CI 0.355-
0.621, p=0.862), showing that the Duncan-Ely test
is not better than random guessing.

Conclusion: The Duncan-Ely test has no predictive
value for determining abnormal activity of the rec-
tus femoris during gait. Using this test can lead to
incorrect identification of abnormal rectus femoris
activity, which might hamper the selection of op-
timal treatment options. We recommend stopping
use of the Duncan-Ely test to predict rectus femoris
overactivity during swing, and instead use surface
electromyography.
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tiff knee gait (SKG) is commonly observed in in-

dividuals with spastic paresis as a result of a upper
motor neurone lesion, such as cerebral palsy, multiple
sclerosis, traumatic brain injury, or stroke. SKG is
characterized by a diminished knee flexion during
swing and can result in problems with foot clearance.
Although the exact mechanisms remain unclear and
appear to be multifactorial, abnormal activity of the
rectus femoris during the swing phase is a frequently
mentioned cause of SKG (1-4).

(LAY ABSTRACT )
After stroke, some patients have difficulty bending their
knee when they swing their leg forwards. This can be
the result of the rectus femoris muscle being too ac-
tive. It is important to know whether this is the case. If
the rectus femoris is too active, we can select a treat-
ment option that aims to reduce its activity. Healthcare
professionals often use the Duncan-Ely test, to test for
overactivity of the rectus femoris. However, it is not
known whether this test is reliable. This study therefore
compared the Duncan-Ely test with a measurement in
which the activity of the rectus femoris was recorded
during walking. No correlation was found between the
score of the Duncan-Ely test and the activity of the rec-
tus femoris during walking. We conclude that healthcare
professionals should no longer use the Duncan-Ely test
to assess overactivity of the rectus femoris, but should

\replace it with surface electromyography. )

Different treatment options for SKG (5) are used in
clinical care, and mainly focus on influencing the ab-
normal activity of, or the force produced by, the rectus
femoris. These options include chemodenervation of
the rectus femoris (6, 7) and a rectus femoris transfer
(8, 9). Chemodenervation is a technique in which a
pharmacological compound, such as botulinum toxin,
is used to paralyse a muscle or a group of muscles (10).
The indication for chemodenervation or rectus femoris
transfer treatment is often based on abnormal activity
of the rectus femoris in the pre-swing or swing phase
of the gait cycle.

In clinical practice, there are 2 options available for
establishing abnormal rectus femoris activity: surface
electromyography (sSEMG) and the Duncan-Ely test.
The generally accepted gold standard is SEMG of
the rectus femoris during dynamic gait analysis (11).
However, SEMG measurements require expensive
measurement equipment and specific expertise, which
limits its applicability in daily clinical practice. The
second option is the Duncan-Ely test (12, 13), which
is part of a routine clinical examination of muscle tone.
This test is performed with the patient lying in a prone
position and the examiner passively flexing the knee
rapidly. This clinical test does not require any measu-
rement equipment and is easy to perform, making it
suitable for daily clinical practice. However, whether
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the Duncan-Ely test is a useful test to predict abnormal
rectus femoris activity during the swing phase of gait
is dependent on how the outcomes of this test relate to
the gold standard. Using a test with a limited diagnostic
value can lead to the incorrect selection of patients and
treatment options for SKG. To the best of our know-
ledge, comparison of the Duncan-Ely test with SEMG
has not been performed in a group of stroke survivors.

The aim of this study was therefore to determine
the diagnostic value of the Duncan-Ely test to assess
how accurately the test can predict abnormal rectus
femoris activity during gait in stroke survivors with
a SKG. In this light, this study can also contribute to
the discussion as to whether a clinical test to establish
abnormal activity or spasticity performed on the bench
in a static (relaxed) position can provide information
about how muscles act in dynamic situations.

METHODS

Design and participants

Participants were recruited from Roessingh, Centre for Rehabi-
litation in Enschede, The Netherlands. Inclusion criteria were:
chronic stroke survivors (at least 6 months post-stroke), age over
18 years, able to walk independently with or without walking
aids, diminished peak knee flexion in swing (>45°) (14) as
established by video observation and written informed consent.
Exclusion criteria were: botulinum toxin injection in the
rectus femoris in the 5 months prior to inclusion in the study,
rectus femoris transfer surgery, length of the rectus femoris
<65°, presence of joint range of motion (ROM) limitation that
impedes walking, or neurological problems other than stroke.
The study was designed as a cross-sectional trial with a single
measurement and is a part of the randomized controlled trial
in which the efficacy of a botulinum toxin injection into the
rectus femoris was investigated (trial NL2052 (NTR2169)), and
is approved by the medical ethics committee (MEC Twente).

Procedure

During physical examination, the length of the rectus femoris
was measured. This is the normal length test of the rectus fe-
moris, in which the examiner checked for a fixed contracture
of the rectus. The patient was lying in a prone position and the
examiner passively flexed the knee slowly until hip flexion
appeared. The knee joint was flexed until hip flexion appeared
and the knee angle at this time-point was measured with a
goniometer. The Duncan-Ely test was subsequently performed
twice in a standardized manner (12, 13). While the patient was
lying in a prone position in a relaxed state, the examiner pas-
sively flexed the knee fast (at a speed similar to the limb falling
under gravity) over the total length of the rectus femoris. The
test was considered positive if the examiner perceived resistance
(perceived resistance) and/or the patient flexed the ipsilateral hip
(occurrence of hip flexion) (12, 13). The perceived resistance
was scored using the modified Ashworth scale (MAS). The
occurrence of hip flexion was visually inspected and manually
checked by the examiner. The lowest measured score of the
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MAS was noted in case of doubt, which is in line with the
recommendation of Fleuren et al. (15). The test was positive
if the score on the MAS was >1 and/or hip flexion occurred.
It was scored negative when no increase in muscle tone was
felt and hip flexion did not occur. Two well-trained examiners
with substantial experience in physical assessments evaluated
all participants prior to the gait analysis to ensure that they were
blinded for the results of the SEMG evaluation.

Gait analysis

To obtain EMG of the rectus femoris during walking, partici-
pants completed 4 walking trials on a 10-m walkway at com-
fortable walking speed. During these walking trials, SEMG of
the rectus femoris and vastus lateralis of the affected leg was
measured. The gait pattern and sSEMG were synchronously
recorded using the Flamenco system (TMSi, Oldenzaal, The
Netherlands), using 2 cameras (Basler scout high resolution
scA1300-32gc GigE camera, 50 frame per s, Ahrensburg,
Germany) in the sagittal and the frontal plane.

Participants were allowed to walk with an ankle-foot orthosis
or walking aid if they used these in their daily life. The first 2
and last 2 strides of the 10-m walkway were discarded for sSEMG
analysis to exclude variations in gait speed caused by initiating

and terminating gait.

EMG analysis

The electrodes (Kendall ECG H93SG, 42 x 24 mm Covidien,
Mansfield, MA, USA) were placed on the rectus femoris and
vastus lateralis according to the Surface ElectroMyoGraphy for
the Non-Invasive Assessment of Muscles (SENIAM) recom-
mendations (16). SEMG was recorded with the Mobita SEMG
device (TMSI, Oldenzaal, The Netherlands), with a bandwidth
of 0—400 Hz and a 24-bit resolution. SEMG was recorded with
a frequency of 1,000 Hz and band-pass filtered at 20-400 Hz.
The noise level of this system was determined as 10 uV, which
was subtracted from the band-pass filtered signal. Subsequently,
the SEMG signals were full-wave rectified and filtered with a
second-order Butterworth 10-Hz low-pass filter with phase
correction in order to create the SEMG linear envelope for
each gait phase.

Detection of abnormal activity of the rectus femoris

A custom-made computerized algorithm was used to detect
abnormal activity of the rectus femoris and to discriminate it
from cross-talk activity of the vastus intermedius. The algorithm
is based on the normal SEMG pattern of the rectus femoris and
vastus lateralis (4). It compares the area under the curve (AUC)
of the root-mean-square value (RMS) of the rectus femoris and
vastus lateralis muscle activity. Rectus femoris activity was
labelled abnormal when activity was seen in the second part of
initial swing and/or in mid-swing. In case the AUC of the RMS
in initial swing and/or mid-swing of the vastus lateralis was
equal or higher compared with the rectus femoris activity, the
sEMG signal obtained over the rectus femoris was considered
to be the result of cross-talk from the vastus intermedius (17).

A stride could be scored as normal activity of the rectus,
abnormal rectus femoris activity or cross-talk activity. For each
patient a sample of 10 strides was randomly selected from the
4 trials, and scored according to the predefined categories. Of
the 10 strides the dominating type of rectus femoris activation
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Table I. Patients’ characteristics

Characteristics

Number of participants, n 94

Affected side (left/right) 45/49

Time after stroke, years, mean (SD) [Range] 6.9 (5.9) [2-21]
Men/women 65/29

Age, years, mean (SD) 57.0 (12.6)

Use of ankle-foot orthosis (yes no) 36/58

Use of assistive device (yes/no) 34/60

SD: standard deviation.

allocated the patient in 1 of the 3 categories. In case there was
no clear dominating pattern, the patient was scored as undefined.

Statistical analysis

To determine the diagnostic value of the Duncan-Ely test,
sensitivity, specificity, positive and negative predictive value
were calculated. This was done separately for the perceived
resistance and for the occurrence of ipsilateral hip flexion.
The receiver operating characteristic (ROC) curve and the
area under the curve (AUC), which relates the outcome of the
SsEMG measurement and the Duncan-Ely test, were calculated
using IBM SPSS Statistics version 19.0 for Windows (IBM Inc.
Chicago, IL, USA).

RESULTS
Participants

A total of 95 stroke survivors participated in this
study. For patient characteristics, see Table I. One
patient was excluded from the study because no
sEMG was recorded, due to technical problems.

Results categorization of SEMG activity rectus
femoris

Based on the SEMG signal, 31 participants were
categorized as having normal rectus femoris
activity and 45 participants as having abnormal
rectus femoris activity. Twelve participants were
categorized as cross-talk activity and 6 participants
as undefined. Because the individuals in the last 2
groups could not be categorized as having normal
or abnormal rectus femoris activity, these 18 parti-
cipants were not included in results of the analysis.

Table II. Perceived resistance during the Duncan-Ely test

Sensitivity

Diagnostic value of the Duncan-Ely test p. 3 of 7
Results test characteristics of the Duncan-Ely test:
perceived resistance.

Based on the Duncan-Ely test, 70 participants scored
positive on the perceived resistance and 24 scored
negative. As stated above, based on sSEMG results, 76
individuals could be classified as having normal or
abnormal activity. These 76 individuals were included
in the analysis. The results for perceived resistance are
shown in Table II.

The ROC curve is shown in Fig. 1. The area under
the curve is 0.488 (p=0.862, 95% CI 0.355-0.621).

Results test characteristics of the Duncan-Ely test:
occurrence of hip flexion.

During the Duncan-Ely test, there were 18 participants
in whom hip flexion occurred and 68 in whom no hip
flexion occurred. From 8 participants, the absence or
presence of hip flexion during the Duncan-Ely test was
not written down. These 8 participants were not inclu-
ded in the calculation. Of the remaining 86 participants,
68 could be classified as having normal or abnormal
rectus femoris overactivity based on SEMG. These 68
participants were included in the analysis. The results
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Fig. 1. Receiver operating characteristics (ROC) curve for perceived resistance
during the Duncan-Ely test. Green diagonal reference line: indicates a
worthless test. Blue: measured line.

sEMG abnormal

sEMG normal

Duncan-Ely =1 (perceived resistance)
Duncan-Ely =0 (perceived resistance)

33 (true positives)
12 (false negatives)
Sensitivity: 73% (33/45)

22 (false positives) Positive predictive value: 60% (33/55)
9 (true negatives) Negative predictive value: 42% (9/21)
Specificity: 29% (9/31) 76

sEMG: surface electromyography.

J Rehabil Med 53, 2021



JRM

JRM

JRM

p. 4 of 7 M. J. B. Tenniglo et al.

ROC Curve

0387

0.6

Sensitivity

0.4

0.29

0o T T T T
0.0 0.2 0.4 0.6 0.8 10

1 - Specificity

Diagonal segments are produced by ties

Fig. 2. Receiver operating characteristics (ROC) curve for occurrence of hip
flexion during the Duncan-Ely test. Green diagonal reference line: indicates

a worthless test. Blue: measured line.

for the occurrence of hip flexion are shown in Table
II1. The results of the ROC curve are shown in Fig. 2.
The AUC is 0.551, p=0.480 (95% CI 0.408-0.695).

DISCUSSION

This study investigated the diagnostic value of the
Duncan-Ely test for predicting abnormal activity of
the rectus femoris during gait of stroke survivors
with SKG. Test characteristics were calculated to
investigate whether abnormal sEMG activity of the
rectus femoris during the swing phase (gold standard)
corresponds with a positive score on the Duncan-Ely
test (diagnostic test). For perceived resistance during
the Duncan-Ely test, this study showed a positive
predictive value of 60.0% and a sensitivity of 73.3%.
Looking at the occurrence of hip flexion during the
Duncan-Ely test, the positive predictive value and
sensitivity are considerably lower at, respectively,
50.0% and 16.7%. Based on the calculated tables it can
be concluded that the Duncan-Ely test has no value in
predicting abnormal muscle activity of rectus femoris
during the swing phase of stroke survivors walking
with SKG. This is also reflected in the ROC curve,
which showed no correlation (AUC=0.488; p=0.480)
between perceived resistance during the Duncan-Ely
test and abnormal SEMG of the rectus femoris. There
was also no correlation (AUC=0.551; p=0.480) bet-

Table III. Occurrence of hip flexion during the Duncan-Ely test

ween the measurements of only the occurrence of
hip flexion and the SEMG measurements. The AUC
showed that the Duncan-Ely test is no better than
random guessing.

The limited correlation between the Duncan-Ely
test and the SEMG analysis might be explained by
several factors. During the Duncan-Ely test, both
the rectus femoris and the vastus intermedius,
vastus lateralis and vastus medialis are stretched.
Therefore, the Duncan-Ely test might not only test
the velocity-dependent activity of the rectus femo-
ris, but might also assess the velocity-dependent
activity of these other muscles. It might therefore
be difficult to distinguish between the rectus fe-
moris and vastus intermedius, vastus lateralis and
vastus medialis during the Duncan-Ely test.

That other muscles might be involved in a po-
sitive Duncan-Ely has been reported previously
by Perry et al. (18). They concluded that the
Duncan-Ely test is not a specific indicator for the

rectus femoris tightness or spasticity. In addition to an
electromyographic response in the rectus femoris, the
test can also provoke an electromyographic response
in the iliacus in subjects with cerebral palsy. The fact
that up to 3 muscles could be involved in a positive
test might imply that the test is not able to distinguish
between velocity-dependent activity of the rectus fe-
moris, vastus intermedius, vastus lateralis and vastus
medialis and iliacus. This could have reflected on all
studied outcome parameters and might contribute to
the limited correlation between the Duncan-Ely test
and the SEMG of the rectus femoris. Furthermore,
the fact that other muscles also result in a positive
Duncan-Ely test could be one of the reasons that after
a chemodenervation of the rectus femoris or rectus
femoris release, the Duncan-Ely test is still positive
in some participants (6, 19—22). Future research could
focus on these points by investigating whether the cor-
relation between the Duncan-Ely test and overactivity
of any of the knee extensors, as measured by SEMG,
is more sound.

Another explanation for the limited correlation
between the SEMG and the Duncan-Ely test could be
the fact that the Duncan-Ely test score is based on a
subjective evaluation by the examiner. The score on the
perceived resistance and the occurrence of hip flexion
could be dependent on which examiner performs the

sEMG abnormal

SEMG normal

Duncan-Ely =1 (Perceived resistance)
Duncan-Ely =0 (Perceived resistance)

7 (true positives)
35 (false negatives)
Sensitivity: 16% (7/42)

7 (false positives) Positive predictive value: 50% (7/14)
19 (true negatives) Negative predictive value: 35% (19/54)
Specificity: 37% (7/26) 68

SEMG: surface electromyography.
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test and interprets the results differently. Furthermore
the occurrence of hip flexion is difficult to observe,
and rating is not standardized. In addition, the angular
velocity with which the Duncan-Ely test should be per-
formed is not standardized nor controlled. This could
influence the score on the Duncan-Ely test, because
it aims to measure the velocity-dependent response
to passive movement. In case the angular velocity is
higher, one might hypothesize that the response is also
larger. Based on the findings of Lee et al. (23) we tried
to standardize the angular velocity at a speed similar
to or faster than the speed of the limb falling under
gravity. Although we tried to standardize the angular
velocity, speed it is not controlled, and can be different
between examiners and patients, potentially leading to
different scores in similar cases.

Furthermore, there may be a discrepancy between
the knee angular velocity and knee range of motion
during walking, and the knee angular velocity and
knee range of motion applied during the Duncan-Ely
test (24). In case the knee angular velocity and range
of motion during the Duncan-Ely test is much higher
than the knee angular velocity during walking, the
velocity-dependent resistance of the rectus femoris
during the Duncan-Ely test will also be higher. This
discrepancy between the knee angular velocity execu-
ted on the bench and the knee angular velocity during
functional walking can contribute to the reported dif-
ferences between the results of the Duncan-Ely test
and the results of the sSEMG.

Besides these apparent shortcomings of the Duncan-
Ely test itself, it is also disputable whether a clinical
test to establish overactivity or spasticity performed
on the bench in a static (relaxed) position can provide
information about how muscles act in dynamic situa-
tions. In other words, it is debatable to which degree
the results of a passive measurement of an impairment
relates to the dynamic functional activity, such as
walking (25-27). There are more studies supporting
this notion. Dietz & Sinkjaer (28) suggest that there
is a disparity between clinical assessment findings
and how spasticity manifests during walking. In ad-
dition to the discussion about static vs dynamic test
situations, there is also an influence of posture on the
static test conditions. Yelnik et al. (29) and Perry et al.
(30) reported that the spastic response varies greatly
according to the position of sitting or standing. This
is also the case when comparing the activity patterns
of knee extensors and flexors during sitting and lying
in different patient populations (31-33). In addition,
the study of Lamontagne et al. (34) showed that spas-
ticity at rest only weakly predicts spasticity during the
stance phase of gait, which emphasizes the need for a
locomotor-specific measure of spasticity. Finally, Non-

Diagnostic value of the Duncan-Ely test p.5 of 7
nekes et al. (35) stated that the presence or absence of
spasticity observed during clinical examination often
does not translate to muscle activity or overactivity
observed by instrumented analysis of the gait, and
suggested that SEMG is necessary to detect or confirm
muscular overactivity during gait.

The finding that the Duncan-Ely test has no diag-
nostic value for predicting overactivity of the rectus
femoris in stroke survivors walking with SKG has
implications for clinical care as well as scientific re-
search. In both fields, abnormal activity of the rectus
femoris is usually quantified using the Duncan-Ely test.
Because of its limited diagnostic value, using this test
can lead to the selection of incorrect treatment options
for SKG. Furthermore, using the Duncan-Ely test to
establish rectus femoris activity might lead to the false
identification of individuals with and without rectus
femoris activity during walking. This, in turn, could
lead to heterogeneous study population, which might
have contributed to the variable results that have been
published about the effect of treating abnormal rectus
femoris activity (6, 7, 20, 36-39).

This study had some limitations. First, some as-
sumptions were made in determining abnormal ac-
tivity based on the SEMG. The algorithm contained
assumptions that can give room for discussion. One
example of this is the noise level value. To test the
robustness of these assumptions, additional analyses
were performed in which the noise level was chan-
ged to 8 and 12 pV. Varying the noise level did not
change the conclusions of this study. Furthermore, 18
participants were excluded from the analysis, due to
cross-talk activity or undefined sEMG. Exclusion of
these individuals could have influenced the current
results. We therefore performed a sensitivity analysis
based on investigating whether our conclusion would
change if we had included these 18 participants. This
sensitivity analysis did not change the conclusion.
When all 18 patients were included and categorized
as normal activity rectus femoris SEMG, the AUC of
perceived resistance was 0.511 (p=0.856). When all
18 patients were included and categorized as having
abnormal activity rectus femoris, the AUC of perceived
resistance was 0.474 (p=0.682).

Future research could investigate whether the
findings of this study can be replicated when the
signals from the rectus femoris are obtained using
fine-wire EMG. Compared with sSEMG, fine-wire is
not susceptible for cross-talk activity from the vastus
intermedius, and is therefore more precise.

Furthermore, this study raises additional information
concerning the diagnostic performance of clinical tests
for spasticity of other muscles that relate test results
in a static position to the muscle activity in a dynamic

J Rehabil Med 53, 2021
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functional activity, such as walking. This might also be
true for other clinical tests, which could be the subject
of future research.

In conclusion, this study showed that the Duncan-
Ely test has no diagnostic value for predicting abnormal
activity of the rectus femoris in stroke survivors with
SKG. Factors that may contribute to this conclusion
are that the score on the Duncan-Ely test is a subjec-
tive assessment, that a static test is used to assess a
problem occurring in dynamic situations, and that the
Duncan-Ely test might also assess other knee extensors
and hip flexors. We recommend stopping use of the
Duncan-Ely test for this purpose, but instead using
SEMG. Furthermore, this study confirms the notion
that it is disputable whether a clinical test that aims to
establish overactivity or spasticity performed on the
bench in a static position can provide information about
how muscles act in dynamic situations.
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