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and Rigid Tape Reduces Pain and Alters
Lower Limb Biomechanics in Female
Patients With Patellofemoral Pain

Grant J.K. Mackay,* PT, MClinPhysio, Sarah M. Stearne,* PhD, Catherine Y. Wild,*† PhD,
Erin P. Nugent,* PT, MClinPhysio, Alexander P. Murdock,* PT, MClinPhysio,
Benjamin Mastaglia,* PT, BPhysio, and Toby M. Hall,* MSc, PhD

Investigation performed at the School of Physiotherapy and Exercise Science, Curtin University,
Perth, Western Australia, Australia

Background: Evidence supports the use of Mulligan knee taping in managing patellofemoral pain (PFP). However, no studies have
compared the efficacy of rigid and elastic tape using this technique.

Hypothesis: Mulligan knee taping applied with both rigid and elastic tape will produce similar reductions in knee pain, hip internal
rotation, and knee flexion moments compared with no tape. Elastic tape will also be more comfortable than rigid tape.

Study Design: Controlled laboratory study.

Methods: A total of 19 female patients (mean age, 26.5 ± 4.5 years) with PFP performed a self-selected pain provocative task,
single-leg squat (SLSq) task, and running task while wearing Mulligan knee taping applied with rigid tape, elastic tape at 100%
tension, and no tape. Pain and taping comfort were recorded using 11-point numeric rating scales. An 18-camera motion capture
system and in-ground force plates recorded 3-dimensional lower limb kinematics and kinetics for the SLSq and running tasks.
Statistical analysis involved a series of repeated-measures analyses of variance. The Wilcoxon signed rank test was used for
analyzing taping comfort.

Results: Compared with no tape, both rigid and elastic tape significantly reduced pain during the pain provocative task (mean
difference [MD], –0.97 [95% CI, –1.57 to –0.38] and –1.42 [95% CI, –2.20 to –0.64], respectively), SLSq (MD, –1.26 [95% CI, –2.23 to
–0.30] and –1.13 [95% CI, –2.09 to –0.17], respectively), and running tasks (MD, –1.24 [95% CI, –2.11 to –0.37] and –1.16 [95% CI,
–1.86 to –0.46], respectively). Elastic tape was significantly more comfortable than rigid tape generally (P¼ .005) and during activity
(P¼ .022). Compared with no tape, both rigid and elastic tape produced increased knee internal rotation at initial contact during the
running task (MD, 5.5� [95% CI, 3.6� to 7.4�] and 5.9� [95% CI, 3.9� to 7.9�], respectively) and at the commencement of knee flexion
during the SLSq task (MD, 5.8� [95% CI, 4.5� to 7.0�] and 5.8� [95% CI, 4.1� to 7.4�], respectively), greater peak knee internal
rotation during the running (MD, 1.8� [95% CI, 0.4� to 3.3�] and 2.2� [95% CI, 0.9� to 3.6�], respectively) and SLSq tasks (MD, 3.2�

[95% CI, 2.1� to 4.3�] and 3.8� [95% CI, 2.3� to 5.2�], respectively), and decreased knee internal rotation range of motion during
the running (MD, –3.6� [95% CI, –6.1� to –1.1�] and –3.7� [95% CI, –6.2� to –1.2�], respectively) and SLSq tasks (MD, –2.5� [95% CI,
–3.9� to –1.2�] and –2.0� [95% CI, –3.2� to –0.9�], respectively).

Conclusion: Mulligan knee taping with both rigid and elastic tape reduced pain across all 3 tasks and altered tibiofemoral rotation
during the SLSq and running tasks.

Clinical Relevance: Both taping methods reduced pain and altered lower limb biomechanics. Elastic tape may be chosen clinically
for comfort reasons.
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Patellofemoral pain (PFP) presents as pain around or
behind the patella and is exacerbated by activities involv-
ing patellofemoral joint (PFJ) loading, such as ascending
and descending stairs, squatting, and running.4,12,14 It is
particularly common in women, with an estimated preva-
lence of 12% to 13% in 18- to 35-year-old women.7,41,44
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Patellar malalignment and/or maltracking as a result of
local, proximal, and distal factors has been implicated as a
possible mechanism for altered PFJ loading in patients with
PFP.2,37,38,46 Proximally, impaired control of the hip has
been demonstrated in patients presenting with PFP.34,39,52

Excessive hip adduction and internal rotation have been
proposed to increase lateral PFJ stress by effectively inter-
nally rotating the femur beneath the patella.37,38 When com-
bined with repetitive high-impact activities, such as
running, this may increase the likelihood of developing PFP,
particularly in women.36 Evidence also supports the poten-
tial role of altered foot mechanics in PFP.38

Taping using rigid tape to reduce pain and alter lower
limb biomechanics is supported by level 1 evidence,2 forms
part of the recommended nonoperative management of
PFP,4 and is commonly used in clinical practice in the man-
agement of PFP.12,25,43 A variety of taping techniques have
been described with varying effects.2,8 A method described
by Mulligan uses rigid adhesive tape applied in a spiral
around the knee without contacting the patella.22,32 This
method has been theorized to alter patellar tracking32 by
internally rotating the tibia relative to the femur or by cre-
ating external rotation of the femur on the fixed tibia in
weightbearing.23 In asymptomatic ballet dancers, it has
been shown to reduce peak hip and knee shear forces,20

while in asymptomatic female runners, it reduced hip shear
forces, as well as knee and hip sagittal plane moments.23

Mulligan knee taping has also been shown to produce sta-
tistically significant reductions in knee pain and peak hip
internal rotation and promote earlier activation of the glu-
teus medius compared with a no taping condition during a
single-leg squat (SLSq) task in female patients with PFP.21

The effect of Mulligan knee taping on pain and biomechan-
ics during running and other provocative tasks in a popula-
tion with PFP symptoms remains unknown; however, this
is a matter of interest, as PFP is often exacerbated by run-
ning. Given that Mulligan knee taping has been proposed to
alter tibial rotation,23 it is feasible that taping may affect
ankle biomechanics, but the effect of Mulligan knee taping
on ankle biomechanics remains unknown. This is an area of
interest, as foot biomechanics were included in a recent
pathomechanical model of PFP.38 Thus, analysis of the
effect of taping on the biomechanics of the entire lower limb
kinetic chain is warranted.

Both rigid and elastic tape have been used in the man-
agement of PFP.2,8 Elastic tape has been reported to be
associated with fewer skin allergies than rigid tape and to
allow for stretching significantly beyond its original
length.24,45 Higher comfort levels when wearing elastic
tape have been proposed to be caused by its mechanical
properties.48 Many different application methods have

been described for the management of PFP using elastic
tape, with tension ranging from 20% to 100% of maximal
available tension1,2,9,24,26,29,45; however, no consensus
exists as to the most appropriate amount of tension to use.
When applied at 100% tension, it has been proposed to act
similarly to rigid tape,24 and while taping using the Mulli-
gan concept is typically performed with rigid tape,22 to date,
no studies have examined the efficacy of elastic tape
applied using the Mulligan knee taping technique.

Therefore, the purpose of this study was to compare the
efficacy of Mulligan-applied rigid tape and Mulligan-
applied elastic tape at 100% tension in adult female
patients with PFP during 3 tasks: an individualized pain
provocative task, an SLSq task, and a running task. Pain
and taping comfort were assessed during all tasks, while
lower limb biomechanics were only assessed during the
SLSq and running tasks. It was hypothesized that both
taping methods would result in similar reductions in knee
pain compared with no tape; however, elastic tape would be
more comfortable to wear. Both taping techniques were also
hypothesized to reduce peak hip internal rotation angles
and external knee flexion moments compared with no tape.

METHODS

Participants

Participants were recruited from community physical ther-
apy clinics and sporting clubs and by advertising at a local
university. Participants were screened by a qualified phys-
ical therapist and included if they were able to run contin-
uously for at least 1 km and experienced anterior knee pain
> 2 out of 10 on a verbal numeric rating scale (NRS) during
any of the following activities: bilateral squat, SLSq, step-
up, or step-down. In participants with bilateral anterior
knee pain, the more symptomatic knee was chosen for the
study. Participants were excluded if they had any history of
skin irritability to tape, knee osteoarthritis, patellar tendi-
nopathy, lower limb trauma, surgery or fractures or had
undergone Mulligan knee taping before the study. Func-
tional capacity was measured using the Lower Extremity
Functional Scale (LEFS).6 Ethical approval for this study
was granted by the university’s human research ethics
committee. Informed consent was obtained from all parti-
cipants, and the rights of all participants were protected.

Experimental Protocol

Participants attended the university’s motion analysis lab-
oratory on a single occasion, where 42 retroreflective mar-
kers were applied to the pelvis and lower limbs for static
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calibration per a modified version of The University of
Western Australia static lower limb marker set protocol.5,21

Recruitment and data collection occurred between June
and December 2016. Specific markers were then removed
for dynamic trials (SLSq and running tasks) per a modified
version of The University of Western Australia dynamic
lower limb marker set protocol.5,21 An 18-camera, passive
3-dimensional motion analysis system (250 Hz; Vicon
Nexus; Oxford Metrics) and in-ground AMTI force plates
(2000 Hz; Advanced Mechanical Technology) collected kine-
matic and kinetic data during the SLSq and running tasks.
Motion analysis and force plate data were time synchro-
nized using Vicon Nexus software (Oxford Metrics). The
Vicon motion analysis system is known to have small recon-
struction errors (<2 mm)15,28,49 and is considered a gold
standard in 3-dimensional motion capture.17,30

After a standardized warm-up involving overground run-
ning outside the laboratory at a self-selected pace for 3 to
5 minutes, participants were familiarized with the 3 move-
ment tasks to be performed. The SLSq task was performed
on the symptomatic leg to a depth of approximately 45� of
knee flexion, with the participants’ arms placed across their
chest and the nonweightbearing knee flexed to 90� with the
hip in neutral alignment.21 The running task was per-
formed over a 10-m track at a standardized speed of 3.5 ±
0.5 m/s, as is common in studies involving analysis of lower
limb biomechanics.18,19 Running speed was measured by
timing light gates (SpeedLight; Swift Performance Equip-
ment). For the pain provocative task, each participant
selected the activity that provoked the most pain in the
symptomatic knee from the following common pain-
provoking activities: SLSq, running, double-leg squat,
reverse lunge, step-up, step-down, drop landing, or single-
leg hop.

After familiarization, tape was applied to the symptom-
atic knee of each participant by physical therapists
trained in the application of the Mulligan knee taping
technique. The order of each taping condition, including
the no taping condition, was randomized by a random
number generator. Tape was applied while participants
stood with the affected leg in full tibiofemoral internal
rotation and 20� of knee flexion. Tape began at the neck
of the fibula and was applied in a spiral fashion in an
anteromedial direction inferior to the tibial tuberosity and
medial knee joint line, across the popliteal fossa to the
anterolateral thigh (Figure 1).22,32 Rigid tape application
involved 2 layers of 38-mm rigid tape (AMSPORTZ Rigid
Sports Tape; Australian Medical Supplies), and elastic
tape application involved 2 layers of elastic tape (Kinesio
Tex Tape; Kinesio Holding Corporation), with each layer
at 100% stretch.

For each taping condition, participants performed a sin-
gle repetition of their individualized pain provocative task
so as not to exacerbate their pain substantially, followed by
5 SLSq trials and by 5 running trials for each taping con-
dition. A minimum of 2 minutes’ rest between each task and
5 minutes’ rest between each taping condition was provided
to help skin sensation return to normal and to minimize the
effects of fatigue.2,24 After each task, participants were
instructed to rate the average knee pain experienced

during the task using a verbal NRS (0 ¼ no pain; 10 ¼
maximal pain). After each taping condition, participants
were instructed to rate active and general discomfort of the
tape on a verbal NRS (0 ¼ no discomfort; 10 ¼ maximal
discomfort). Active discomfort was defined as tape discom-
fort during the pain provocative, SLSq, and running tasks,
while general discomfort was defined as tape discomfort at
all other times.

Data Processing

Motion analysis data were collected and processed with
Vicon Nexus software. Marker trajectories were labeled;
gap-filled; and then, along with force plate data, filtered
at 16 Hz using a fourth-order, zero–phase shift Butter-
worth digital low-pass filter. The cutoff frequency was
determined using residual analysis in custom LabVIEW
software (Version 2011 Service Pack 1; National Instru-
ments). Using The University of Western Australia lower
body model in Vicon Nexus software,5 3-dimensional peak
ankle, knee, and hip joint angles and external moments
were calculated throughout the stance phase for running
and the eccentric phase for the SLSq, which was defined as
the commencement of knee flexion (CF) to peak knee flex-
ion. The 3-dimensional hip, knee, and ankle angles were
also calculated at the time of initial contact (IC) for running
and at the CF for the SLSq. In addition, range of motion
(ROM) was calculated during the stance phase for running
and the eccentric phase for the SLSq. Data were time nor-
malized, and the 5 trials from each participant were aver-
aged for analyses. Raw pain values were used for all
statistical analyses. The proportion of participants achiev-
ing a 50% reduction in pain with taping was calculated.

Figure 1. The Mulligan knee taping technique.
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Statistical Analysis

An a priori power calculation deemed 20 participants to be
sufficient to detect a standardized group difference for an
effect size of 0.6 (alpha ¼ .05; power level ¼ 80%) when
perceived discomfort was used as the primary outcome var-
iable.21 Data were tested for normality using the Shapiro-
Wilk test. As pain and biomechanical data were normally
distributed, a series of 1-way repeated-measures analyses
of variance were run to determine if any differences existed
between pain scores, as well as the 3-dimensional ankle,
knee, and hip joint angles and moments, across the 3 con-
ditions (rigid, elastic, and no tape) during the running and
SLSq tasks. Data were tested for sphericity using the
Mauchly test of sphericity. In cases of a statistically signif-
icant analysis of variance result, pairwise comparisons
with Bonferroni correction for multiple comparisons were
used to check for statistically significant results between
groups. Cohen (d) effect sizes were calculated for pain data,
which were defined as small (0.2), medium (0.5), and large
(0.8) effects.10 As comfort data were deemed not normally
distributed, the Wilcoxon signed rank test was used to com-
pare discomfort scores between rigid and elastic tape. All
statistical analyses were conducted in SPSS (Version 23;
IBM), with the alpha level set at .05.

RESULTS

Participant Characteristics

A total of 21 patients were screened for participation in the
study. A participant was excluded because of recent ante-
rior cruciate ligament reconstruction. Another participant
was excluded for experiencing pain levels < 2 of 10 on an
NRS. Because of time and operational constraints, only 19
physically active women with PFP were able to be included
in this study (mean age, 26.5 ± 4.5 years; mean height, 1.67
± 0.06 m; mean weight, 64.7 ± 11.9 kg; mean LEFS score,
67.5 ± 8.7; mean NRS pain score, 4.2 ± 1.7 [pain provocative
task], 4.2 ± 1.9 [SLSq task], 2.8 ± 1.8 [running task]). On
analysis, 2 participants’ biomechanical data were deemed
to be unusable because of errors with markers and the
motion capture system; therefore, only 17 sets of biome-
chanical data were included (Figure 2).

Knee Pain

The following activities were selected as the most pain pro-
vocative to participants: SLSq (n ¼ 7), drop landing (n ¼ 4),
reverse lunge (n ¼ 3), step-down (n ¼ 3), and single-leg hop
(n¼ 2). For the pain provocative task, compared with the no
tape condition, pain was significantly reduced by both
Mulligan-applied rigid tape (mean difference [MD], –0.97
[SE, 0.22] [95% CI, –1.57 to –0.38]; P ¼ .001; d ¼ 0.50) and
Mulligan-applied elastic tape (MD, –1.42 [SE, 0.30] [95%
CI, –2.20 to –0.64]; P < .001; d ¼ 0.79) (Figure 3). Pain was
also significantly reduced during the running task by both
rigid (MD, –1.24 [SE, 0.33] [95% CI, –2.11 to –0.37]; P ¼
.004; d ¼ 0.77) and elastic tape (MD, –1.16 [SE, 0.27] [95%

CI, –1.86 to –0.46]; P ¼ .001; d ¼ 0.73) compared with the no
tape condition (Figure 3). Similarly, pain was also signifi-
cantly reduced during the SLSq task by both rigid (MD,
�1.26 [SE, 0.37] [95% CI, –2.23 to –0.30]; P ¼ .008; d ¼
0.61) and elastic tape (MD, –1.13 [SE, 0.36] [95% CI, –2.09
to �0.17]; P ¼ .018; d ¼ 0.60) compared with the no tape
condition (Figure 3). There was no statistically significant
difference in pain levels between rigid and elastic tape on
any of the tasks (pain provocative: MD, 0.45 [SE, 0.39] [95%
CI, �0.58 to 1.47]; P ¼ .791; d ¼ 0.22) (running: MD, –0.08
[SE, 0.28] [95% CI, –0.81 to 0.65]; P > .999; d ¼ 0.06) (SLSq:
MD, �0.13 [SE, 0.32] [95% CI, �0.99 to 0.72]; P > .999; d ¼
0.06). The number of participants achieving a 50% reduction
in pain compared with no tape according to each task and
taping type is seen in Table 1.

Tape Discomfort

Elastic tape (median, 2 [interquartile range (IQR), 0-4])
was significantly more comfortable to wear than rigid tape
(median, 3 [IQR, 1-5]) in terms of general discomfort
(z ¼ –2.83; P ¼ .005). Similarly, elastic tape (median,
1 [IQR, 0-3]) was significantly more comfortable to wear
than rigid tape (median, 2 [IQR, 1-3]) in terms of active
discomfort (z ¼ –2.28; P ¼ .022).

Kinematics

Running. During the stance phase for running, both tap-
ing techniques altered transverse plane motion at all lower
limb joints compared with no tape. At the hip, both taping
techniques significantly increased hip external rotation
angles at IC and decreased external rotation ROM com-
pared to no tape (Figure 4C and Appendix Table A1). At
the knee, both taping techniques increased internal rota-
tion angles at IC, increased peak internal rotation angles,
and decreased internal rotation ROM compared with no
tape (Figure 4F and Appendix Table A1). At the ankle, both
taping techniques increased external rotation angles at IC
compared with no tape, while only elastic tape increased
peak external rotation compared with no tape (Figure 4I

Participants enrolled,
n = 19

Biomechanics data
analyzed, n = 17

Excluded, n = 2, Did not
fulfill inclusion criteria

Excluded, n = 2, Errors
with markers and motion

capture system

Participants assessed
for eligibility, n = 21

Pain and comfort data
analyzed, n = 19

Figure 2. Flow diagram of recruitment and participation in the
study.
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and Appendix Table A1). In the frontal plane, both taping
techniques reduced knee adduction angles at IC (Figure 4E
and Appendix Table A1) and increased ROM at the ankle
joint (Figure 4H and Appendix Table A1). Tape had no sig-
nificant effect on hip, knee, and ankle sagittal plane kine-
matics for the running task (Figure 4).

Single-Leg Squat. During the eccentric phase for the
SLSq, statistically significant changes in kinematics were
noted at the knee and ankle (Figure 5). In the transverse
plane, both taping techniques significantly increased knee
internal rotation angles at the CF, increased peak internal
rotation angles, and decreased internal rotation ROM com-
pared with no tape (Figure 5F and Appendix Table A2).
Both taping techniques also significantly increased both
ankle external rotation angles at the CF and peak external
rotation angles and reduced ankle external rotation ROM
compared with no tape (Figure 5I and Appendix Table A2).
Tape had a significant effect on hip rotation angles at the
CF (F2,32 ¼ 3.789; P ¼ .033); however, no significant pair-
wise comparisons were evident. In the frontal plane, both
taping techniques reduced knee adduction angles at the CF
compared with no tape, but peak knee abduction angles were
only reduced when wearing rigid tape in comparison with no

tape (Figure 5E and Appendix Table A2). In the sagittal
plane, at the knee joint, peak knee flexion was increased
when wearing rigid tape compared with elastic tape
(Figure 5D and Appendix Table A2), and knee flexion ROM
was increased when wearing rigid tape compared with both
no tape and elastic tape (Figure 5D and Appendix Table A2).
At the ankle, rigid tape increased peak ankle dorsiflexion
compared with elastic tape (Figure 5G and Appendix Table
A2), and ankle ROM was increased by rigid tape compared
with both no tape and elastic tape (Figure 5G and Appendix
Table A2). No other significant differences were observed.

Kinetics

Running. During running, both taping techniques pro-
duced a statistically significant reduction in ankle inver-
sion moments compared with no tape: rigid (MD, –3.0
[SE, 0.7] N�m [95% CI, –1.0 to –5.0 N�m]; P ¼ .003) and
elastic (MD, –4.9 [SE, 1.3] N�m [95% CI, –1.5 to –8.2 N�m];
P ¼ .004) (Figure 6H). No statistically significant differ-
ences were observed in hip or knee moments (Figure 6).

Single-Leg Squat. During the SLSq, elastic tape reduced
knee flexion moments compared with both rigid tape (MD,
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Figure 3. Mean numeric rating scale (NRS) pain scores (0 ¼ no pain, 10 ¼maximal pain) during the pain provocative, running, and
single-leg squat (SLSq) tasks for each taping condition: no tape, Mulligan-applied rigid tape, and Mulligan-applied elastic tape.
*P < .05.

TABLE 1
Participants Pain Reduction According to Task and Taping Methoda

Pain Provocative Running SLSq

Rigid Elastic Rigid Elastic Rigid Elastic

�50% pain reduction 6 (32) 7 (37) 8 (42) 8 (42) 8 (42) 5 (26)
<50% pain reduction 13 (68) 12 (63) 11 (58) 11 (58) 11 (58) 14 (74)

aData are presented as n (%). SLSq, single-leg squat.
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–4.1 [SE, 1.0] N�m [95% CI, –1.5 to –6.7 N�m]; P ¼ .002) and
no tape (MD, –4.5 [SE, 1.4] N�m [95% CI, –0.7 to –8.3 N�m];
P ¼ .019) (Figure 7D). In the frontal plane, knee adduction
moments were increased when rigid tape was worn in com-
parison with no tape (MD, 4.0 [SE, 1.3] N�m [95% CI, 0.7 to
7.4 N�m]; P ¼ .016) (Figure 7E). No statistically significant
differences were observed in hip or ankle moments
(Figure 7).

DISCUSSION

Mulligan knee taping applied with either rigid or elastic
tape at 100% tension produced a statistically significant
pain reduction during a self-selected pain provocative
task, a moderately paced running task, and an SLSq task
in female patients with PFP (Figure 3). Both types of tape
produced 50% reductions in pain for 26% to 42% of parti-
cipants, depending on the task being assessed (Table 1).

Our study replicated the findings of Hickey et al,21 who
also found statistically significant pain reductions during
an SLSq task in female patients with PFP when applying
Mulligan knee taping with rigid tape. It is important to
also consider whether the changes observed were clini-
cally significant. There is no consensus in the literature
regarding what constitutes a clinically significant pain
reduction, with ranges from 1.5 to 2.0 cm on a 10-cm visual
analog scale for pain13 to a 41% to 48% reduction in initial
pain intensity35,47 being cited as clinically relevant. Using
a percentage reduction in pain rather than an absolute
pain reduction has been argued to be more relevant in
cases where initial pain severity is low.35,51 Given the gen-
erally low levels of initial pain severity in the current
study, we assigned a conservative value of a 50% reduction
in pain as being clinically significant. This is also consis-
tent with the recommended goal of achieving a 50% reduc-
tion in pain when using tailored patellar taping to control
patellar tilt, translation, and spin.2 According to this
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value, Mulligan knee taping produced clinically signifi-
cant pain reductions in 26% to 42% of participants,
depending on the task being assessed. This highlights the
need for a tailored approach when using taping to optimize
the management of PFP4,16,25,42 and is consistent with
how Mulligan knee taping is used clinically, where it is
only utilized if it produces a clinically significant reduc-
tion in pain.22,32

Consistent with our hypothesis, elastic tape was signifi-
cantly more comfortable than rigid tape both in general and
during activity. Given the similar effect in terms of pain
reduction when using either taping type, clinicians may
choose to use elastic tape when performing Mulligan knee
taping because of the increased comfort when patients wear
elastic tape. Future research should assess taping comfort
over a longer time period, as taping of this nature is typi-
cally worn for 2 to 5 days in a clinical setting.

Mulligan knee taping has been hypothesized to reduce
PFP by inducing internal tibial rotation, resulting in

relative compensatory external rotation of the femur in
weightbearing.21,23 In the current study, we observed
exactly this. Tibial internal rotation relative to the femur
and the foot was increased during the SLSq and running
tasks for both rigid and elastic tape compared with no tape.
More specifically, tibial internal rotation relative to the
femur was greater at IC during running and at the CF
during the SLSq, and peak internal rotation angles were
also increased during both tasks but not by the same mag-
nitude, which led to a significant reduction in tibial internal
rotation ROM during both tasks. This is the first study to
confirm the rotational effects that Mulligan knee taping
has on the tibia during dynamic tasks in a symptomatic
population. Additionally, hip internal rotation was
decreased at IC during running, as was hip external rota-
tion ROM, with both rigid and elastic tape. Given that PFP
has been proposed to result from increased PFJ stress
related to suboptimal hip control and femoral internal rota-
tion with respect to the tibia beneath the patella in some
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cases,37,38 it is possible that Mulligan knee taping indi-
rectly alters patellar maltracking via its effect on the tibio-
femoral joint. Hickey et al21 also concluded that the reduced
knee pain scores during an SLSq were likely caused by
changes in peak hip internal rotation prompted by
Mulligan-applied rigid tape. These biomechanical changes
may explain the reduction in pain reported in the present
study; however, further research to determine the cause
and effect relationship is warranted.

Our hypothesis that external knee flexion moments
would be reduced with Mulligan knee taping was partially
supported. During the SLSq, elastic tape significantly
reduced peak knee flexion moments compared with both
rigid and no tape. The difference between rigid and elastic
tape may be explained by the greater peak knee flexion
angles and ROM observed when rigid tape was worn
(Figure 5D). The reason for this increase in range is
unknown; however, we speculate that it may be related
to the restrictive nature of rigid tape, compelling partici-
pants to flex further to achieve the same desired angle.

The difference in knee flexion moments observed between
elastic and no tape during the SLSq is interesting and may
be important for the management of PFP. Similarly,
Mulligan-applied elastic tape reduced peak knee flexion
moments compared with no tape during running
(Figure 4D); however, this was no longer significant when
pairwise comparisons were performed. Given that joint
moments are known to be higher with running compared
with walking and that PFJ loads are reported to increase
in association with increased external knee flexion
moments, this may be one mechanism underlying the high
incidence of PFP in female runners.40 Future research
should investigate the role of elastic tape in modifying
knee flexion moments in a larger sample size and with
more symptom-exacerbating tasks. This may assist clini-
cians in selecting one taping method over another.

In the frontal plane, knee adduction angles were reduced
by both taping techniques at IC during running and at the
CF during the SLSq. Peak knee abduction angles were also
greater when using rigid tape compared with no tape
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during the SLSq, albeit by a small margin (MD, 0.9� [95%
CI, 0.1� to 1.7�]) (Appendix Table A2). In addition, adduc-
tion moments were increased when rigid tape was worn in
comparison with no tape during the SLSq. These changes,
although small in magnitude, represent an alternative
mechanism for the analgesic effect of Mulligan knee taping,
and further research should consider the significance of
these changes.

This is the first study to investigate the effects of Mulli-
gan knee taping on the ankle joint. Both taping techniques
increased ankle external rotation angles at the CF during
the SLSq task, increased peak external rotation angles and
reduced external rotation ROM during the SLSq task, and
increased ankle external rotation angles at IC during the
running task. In addition, elastic tape also reduced peak
external rotation angles during running. Rigid tape
increased ankle ROM into dorsiflexion when compared
with no tape and elastic tape during the SLSq, which cor-
related with the increased knee flexion noted during the

SLSq when wearing rigid tape. Additionally, we found that
both rigid and elastic tape significantly reduced both total
inversion-eversion ROM and peak ankle inversion
moments during running compared with no tape. These
changes in ankle kinematics and kinetics may represent
part of the mechanism by which Mulligan knee taping
reduces pain in patients with PFP, given the positive influ-
ence that foot orthoses can have on PFP pain levels11,12 and
the ability of orthoses to reduce ankle inversion
moments.27,33

The effects of tape application were measured over a
short time period within a single testing session. It is
unknown whether the effects of taping on pain or biome-
chanics observed will be lasting or temporary or if wearing
Mulligan knee taping for a more prolonged period would
bring about longer term changes in pain and/or biomechan-
ics. This is an important area for further research.

Limitations of this study need to be considered. First, the
study sample only included symptomatic women with PFP
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with a relatively low mean body mass index and low levels
of both pain and functional disability (as measured by the
LEFS). Therefore, the effects of Mulligan knee taping for
other population groups, such as male patients, obese
patients, and patients with more severe PFP, remain
unknown. Second, recent literature has suggested that
patients with PFP may be subgrouped according to the fac-
tors that contribute to their presentation to tailor and opti-
mize management and that patellar malpositioning and/or
maltracking is perhaps only relevant for a subset of those
with PFP.16,38,42 The current study did not recruit accord-
ing to this concept, and thus, it remains unknown whether
the Mulligan knee taping technique is more effective in
those with evidence of maltracking. We suggest that this
is another area for future research. Third, taping was only
compared with a no taping condition rather than a placebo
taping condition; thus, improvements in pain may relate to
a placebo effect.31,50 Fourth, although the current study
showed statistically significant changes between taping
and no taping, our study may have been underpowered to
determine a difference between taping types. Future
research should seek to investigate the effects of longer
term tape application and different elastic tape tensions,
as well as the combination of taping with other elements
of recommended best practice management of PFP, such as
hip and knee exercises.4

CONCLUSION

Mulligan knee taping with either rigid or elastic tape
applied at 100% tension produced statistically significant
reductions in knee pain in female patients with PFP across
an individualized pain provocative task, running task, and
SLSq task. Clinically significant pain reductions of 50%

were observed in 26% to 42% of participants, depending
on the task being performed. Elastic tape was significantly
more comfortable to wear than rigid tape. Both taping tech-
niques altered biomechanics compared with no tape, par-
ticularly in the transverse plane, with statistically
significant changes observed at the hip, knee, and ankle.
Given the similar abilities of both taping methods to alter
both pain and biomechanics, the choice of elastic or rigid
tape may be left to clinician or patient preference, in line
with current recommendations to individualize PFP man-
agement to each patient.3,12,25 This research adds to the
growing evidence base for the biomechanical factors con-
tributing to PFP and the benefits of taping as part of the
nonoperative management of this common condition.
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APPENDIX

TABLE A1
Post Hoc Comparisons for Hip, Knee, and Ankle Joint Angles (deg) During Runninga

Rigid vs No Tape Elastic vs No Tape Rigid vs Elastic

MD (SE) 95% CI P Value MD (SE) 95% CI P Value MD (SE) 95% CI P Value

Hip
Sagittal plane

IC –0.9 (0.6) –2.5 to 0.8 .534 –1.1 (0.6) –2.7 to 0.4 .219 0.3 (0.5) –1.1 to 1.6 >.999
Peak flexion –0.9 (0.6) –2.4 to 0.6 .395 –0.9 (0.6) –2.5 to 0.7 .496 0.0 (0.4) –1.2 to 1.1 >.999
ROM –0.6 (0.7) –2.5 to 1.4 >.999 –1.4 (1.1) –4.2 to 1.5 .648 0.8 (0.9) –1.6 to 3.2 >.999

Frontal plane
IC 2.9 (2.1) –2.9 to 8.6 .607 0.6 (0.4) –0.4 to 1.6 .388 2.3 (2.2) –3.5 to 8.1 .939
Peak adduction 0.3 (0.5) –1.0 to 1.6 >.999 0.4 (0.4) –0.7 to 1.5 .994 –0.1 (0.4) –1.1 to 0.9 >.999
ROM 0.2 (0.5) –1.3 to 1.6 >.999 0.4 (0.4) –0.6 to 1.3 >.999 –0.2 (0.5) –1.4 to 1.0 >.999

Transverse plane
IC –3.1 (0.8) –5.2 to –0.9 .005b –3.3 (0.7) –5.3 to –1.3 .001b 0.2 (0.5) –1.1 to 1.6 >.999
Peak external rotation 0.2 (0.7) –1.6 to 1.9 >.999 –0.0 (0.6) –1.7 to 1.6 >.999 0.2 (0.4) –0.8 to 1.3 >.999
ROM –3.2 (1.1) –6.1 to –0.4 .022b –3.2 (1.1) –6.2 to –0.3 .030b 0.0 (0.6) –1.7 to 1.7 >.999

Knee
Sagittal plane

IC –0.7 (0.6) –2.3 to 0.9 .749 –0.9 (0.8) –2.9 to 1.1 .783 0.2 (0.6) –1.4 to 1.7 >.999
Peak flexion –0.9 (0.5) –2.2 to 0.4 .223 –0.7 (0.5) –2.0 to 0.6 .562 –0.3 (0.3) –1.2 to 0.7 >.999
ROM 0.2 (0.9) –2.2 to 2.5 >.999 0.5 (0.8) –1.7 to 2.6 >.999 –0.3 (0.6) –1.8 to 1.2 >.999

Frontal plane
IC –1.6 (0.4) –2.6 to –0.6 .002b –1.5 (0.3) –2.4 to –0.6 .001b –0.1 (0.3) –0.8 to 0.7 >.999
Peak abduction 0.3 (0.3) –0.5 to 1.0 >.999 0.5 (0.3) –0.3 to 1.3 .371 –0.2 (0.2) –0.7 to 0.2 .402
ROM –0.7 (0.4) –1.8 to 0.4 .330 –0.6 (0.5) –1.8 to 0.6 .603 –0.1 (0.3) –0.8 to 0.6 >.999

Transverse plane
IC 5.5 (0.7) 3.6 to 7.4 <.001b 5.9 (0.7) 3.9 to 7.9 <.001b –0.4 (0.5) –1.9 to 1.0 >.999
Peak internal rotation 1.8 (0.5) 0.4 to 3.3 .010b 2.2 (0.5) 0.9 to 3.6 .001b –0.4 (0.2) –0.9 to 0.2 .215
ROM –3.6 (0.9) –6.1 to –1.1 .004b –3.7 (0.9) –6.2 to –1.2 .003b –0.1 (0.6) –1.4 to 1.6 >.999

Ankle
Sagittal plane

IC –0.1 (0.7) –1.9 to 1.8 >.999 0.1 (0.4) –0.9 to 1.0 >.999 –0.1 (0.7) –2.0 to 1.8 >.999
Peak dorsiflexion –0.7 (0.3) –1.5 to 0.2 .161 –0.6 (0.3) –1.5 to 0.2 .169 0.0 (0.3) –0.7 to 0.7 >.999
ROM –1.5 (0.8) –3.6 to 0.6 .209 –2.1 (0.8) –4.2 to 0.1 .058 0.5 (0.6) –1.1 to 2.2 >.999

Frontal plane
IC 0.4 (0.4) –0.7 to 1.5 .927 0.0 (0.4) –0.9 to 1.0 >.999 0.4 (0.3) –0.4 to 1.2 .557
Peak eversion –0.1 (0.3) –0.9 to 0.6 >.999 –0.3 (0.2) –0.9 to 0.3 .726 –0.2 (0.2) –0.4 to 0.7 >.999
ROM –2.5 (0.6) �0.9 to �4.1 .002b �2.5 (0.6) �0.9 to �4.1 .002b 0.0 (0.3) –0.8 to 0.8 >.999

Transverse plane
IC 1.9 (0.4) 0.9 to 2.9 <.001b 2.0 (0.3) 1.1 to 2.9 <.001b 0.1 (0.3) –0.6 to 0.9 >.999
Peak external rotation 0.8 (0.3) 0.0 to 1.7 .059 1.2 (0.4) 0.0 to 2.3 .043b 0.3 (0.2) –0.3 to 1.0 .560
ROM –1.0 (0.4) –2.1 to 0.0 .061 –0.8 (0.4) –1.9 to 0.3 .184 –0.2 (0.2) –0.8 to 0.4 .981

aPositive values indicate increased flexion in the sagittal plane, increased adduction/inversion in the frontal plane, and increased internal
rotation in the transverse plane. IC, initial contact; MD, mean difference; ROM, range of motion.

bStatistically significant difference between taping conditions (P < .05).
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TABLE A2
Post Hoc Comparisons for Hip, Knee, and Ankle Joint Angles (deg) During the Single-Leg Squata

Rigid vs No Tape Elastic vs No Tape Rigid vs Elastic

MD (SE) 95% CI P Value MD (SE) 95% CI P Value MD (SE) 95% CI P Value

Hip
Sagittal plane

CF –0.4 (0.8) –2.6 to 1.8 >.999 –1.3 (1.0) –3.9 to 1.3 .619 0.9 (0.8) –1.3 to 3.1 .891
Peak flexion 1.0 (0.7) –1.0 to 3.0 .635 –0.3 (0.9) –2.6 to 2.0 >.999 1.3 (0.8) –0.8 to 3.4 .380
ROM 1.4 (0.9) –1.1 to 3.8 .463 1.0 (1.3) –2.5 to 4.6 >.999 0.3 (0.9) –2.2 to 2.9 >.999

Frontal plane
CF 0.3 (0.5) –0.9 to 1.6 >.999 0.8 (0.4) –0.1 to 1.8 .088 –0.5 (0.5) –1.8 to 0.8 .913
Peak adduction 0.3 (0.5) –0.9 to 1.5 >.999 0.3 (0.5) –1.0 to 1.5 >.999 0.0 (0.6) –1.5 to 1.5 >.999
ROM 0.0 (0.5) –1.3 to 1.3 >.999 –0.6 (0.3) –1.4 to 0.2 .180 0.6 (0.5) –0.6 to 1.8 .639

Transverse plane
CF 1.0 (0.4) –0.1 to 2.1 .068 0.8 (0.4) –0.2 to 1.9 .166 0.2 (0.4) –0.8 to 1.2 >.999
Peak external rotation 0.6 (0.4) –0.4 to 1.6 .343 0.4 (0.3) –0.6 to 1.3 .971 0.3 (0.4) –0.9 to 1.4 >.999
ROM –0.4 (0.4) –1.4 to 0.6 .876 –0.5 (0.4) –1.5 to 0.5 .624 0.1 (0.4) –0.9 to 1.1 >.999

Knee
Sagittal plane

CF –1.4 (1.0) –4.1 to 1.2 .526 –1.6 (0.9) –3.9 to 0.8 .293 0.2 (0.7) –1.8 to 2.1 >.999
Peak flexion 1.6 (1.0) –1.0 to 4.3 .360 –1.1 (0.7) –2.8 to 0.7 .394 2.7 (0.6) 1.0 to 4.4 .002b

ROM 3.2 (1.0) 0.5 to 5.8 .016b 0.5 (1.0) –2.3 to 3.3 >.999 2.7 (0.7) 0.7 to 4.6 .007b

Frontal plane
CF �1.2 (0.2) �0.6 to �1.8 <.001b �1.0 (0.3) �0.3 to �1.7 .005b �0.2 (0.1) –0.2 to 0.5 .521
Peak abduction 0.9 (0.3) 0.1 to 1.7 .023b 0.7 (0.3) –0.2 to 1.6 .170 0.2 (0.3) –0.6 to 1.0 >.999
ROM 0.3 (0.3) –0.5 to 1.2 .919 –0.4 (0.4) –1.4 to 0.6 .955 0.7 (0.4) –0.4 to 1.8 .319

Transverse plane
CF 5.8 (0.5) 4.5 to 7.0 <.001b 5.8 (0.6) 4.1 to 7.4 <.001b 0.0 (0.5) –1.2 to 1.2 >.999
Peak internal rotation 3.2 (0.4) 2.1 to 4.3 <.001b 3.8 (0.6) 2.3 to 5.2 <.001b –0.5 (0.4) –1.5 to 0.5 .513
ROM –2.5 (0.5) –3.9 to –1.2 <.001b –2.0 (0.4) –3.2 to –0.9 .001b –0.5 (0.2) –1.1 to 0.0 .062

Ankle
Sagittal plane

CF –0.6 (0.6) –2.2 to 0.9 .865 –0.6 (0.4) –1.8 to 0.5 .500 0.0 (0.4) –1.1 to 1.1 >.999
Peak dorsiflexion 0.9 (0.6) –0.6 to 2.4 .417 –0.9 (0.5) –2.2 to 0.4 .222 1.8 (0.4) 0.7 to 2.9 .002b

ROM 1.5 (0.5) 0.3 to 2.7 .015b –0.3 (0.5) –1.7 to 1.1 >.999 1.8 (0.4) 0.7 to 2.9 .002b

Frontal plane
CF 0.1 (0.2) –0.5 to 0.8 >.999 0.4 (0.2) –0.2 to 0.9 .260 0.3 (0.2) –0.4 to 0.9 .872
Peak eversion 0.4 (0.3) –0.3 to 1.2 .513 0.4 (0.2) –0.2 to 1.0 .232 0.0 (0.2) –0.6 to 0.6 >.999
ROM 0.2 (0.3) –0.7 to 1.0 >.999 0.0 (0.2) –0.6 to 0.7 >.999 0.1 (0.2) –0.5 to 0.8 >.999

Transverse plane
CF 3.7 (0.6) 2.2 to 5.2 <.001b 4.2 (0.6) 2.5 to 5.9 <.001b –0.5 (0.4) –1.7 to 0.7 .851
Peak external rotation 2.1 (0.6) 0.5 to 3.6 .010b 2.6 (0.6) 0.9 to 4.3 .002b –0.6 (0.6) –2.1 to 0.9 .999
ROM –1.6 (0.5) –3.1 to –0.2 .025b –1.6 (0.3) –2.5 to –0.7 .001b –0.1 (0.4) –1.0 to 0.9 >.999

aPositive values indicate increased flexion in the sagittal plane, increased adduction/inversion in the frontal plane, and increased internal
rotation in the transverse plane. CF, commencement of knee flexion; MD, mean difference; ROM, range of motion.

bStatistically significant difference between taping conditions (P < .05).
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