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Taping is often used to manage the high rate of knee
injuries in ballet dancers; however, little is known about
the effect of taping on lower-limb biomechanics during
ballet landings in the turnout position. This study inves-
tigated the effects of Kinesiotape (KT), Mulligan’s tape
(MT) and no tape (NT) on knee and hip kinetics during
landing in three turnout positions. The effect of taping on
the esthetic execution of ballet jumps was also assessed.
Eighteen pain-free 12–15-year-old female ballet dancers
performed ballet jumps in three turnout positions, under
the three knee taping conditions. A Vicon Motion Analy-
sis system (Vicon Oxford, Oxford, UK) and Advanced
Mechanical Technology, Inc. (Watertown, Massa

chusetts, USA) force plate collected lower-limb mechan-
ics. The results demonstrated that MT significantly
reduced peak posterior knee shear forces (P = 0.025) and
peak posterior (P = 0.005), medial (P = 0.022) and lateral
(P = 0.014) hip shear forces compared with NT when
landing in first position. KT had no effect on knee or hip
forces. No significant differences existed between taping
conditions in all landing positions for the esthetic mea-
sures. MT was able to reduce knee and the hip forces
without affecting the esthetic performance of ballet
jumps, which may have implications for preventing and
managing knee injuries in ballet dancers.

Classical ballet is both physically and mentally demand-
ing, with the emphasis on technical execution and the
elegance of movement (Kalichova, 2011). Included in
this technical perfection is a concentration on the posi-
tion of extreme external rotation of the hips, so that the
longitudinal axes of the feet are rotated to 180 degrees
(Gilbert et al., 1998). This position known as “turnout,”
is considered the most fundamental frame work for clas-
sical ballet technique (Negus et al., 2005). The five clas-
sical ballet positions of the feet (first, second, third,
fourth, and fifth positions) all require turnout, and all
ballet movements commence, finish, or pass through one
of these positions (Gilbert et al., 1998; Coplan, 2002).

Despite being a fundamental element of ballet tech-
nique, few dancers achieve the ideal turnout position
without compensatory movements such as anterior
pelvic tilt, “screwing the knees’” (assuming the ideal
180-degree turnout position of the feet with a flexed
knee, and then extending the knee without moving the
position of the feet), or pronating the feet (Gilbert et al.,
1998; Coplan, 2002). Compensated turnout is common
in ballet dancers and has been strongly linked with
overuse injuries in dancers (Coplan, 2002). Coplan
(2002) found that injured dancers had a significantly
greater level of compensated turnout than uninjured

college-level ballet dancers. Compensatory turnout can
lead to high joint stresses that can increase the risk of
injury in the lower extremity (Coplan, 2002; Negus
et al., 2005). It has been reported that the knee is the
most frequently injured joint in ballet dancers (Bejjani,
1987; Coplan, 2002). Knee pain is particularly prevalent
in young dancers who often use compensatory move-
ments at the knee and hip to achieve the ideal turnout
position (Solomon et al., 2000). Other documented
mechanisms of knee injuries in dancers also include: the
high rate of jumping (Solomon et al., 2000; Liederbach
et al., 2006), altered hip biomechanics (Boling et al.,
2009; de Marche Baldon et al., 2009), and landing in
difficult positions including unilaterally and in the
turnout position (Winslow & Yoder, 1995; Solomon
et al., 2000; Negus et al., 2005; Hamilton et al., 2006). A
small number of studies have examined lower-limb kine-
matics during landing in the turnout position (Kalichova,
2011; Lee et al., 2012); however, the joint kinetics asso-
ciated with such landings has received little attention
(Peng et al., 2010).

Taping is frequently used in the management of knee
pain (Crossley et al., 2000), and has been advocated in
ballet dancers (Ewalt, 2010). Patellofemoral pain is often
treated with patella taping in order to decrease the pain
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on activity and improve functional movements
(McConnell, 1986). However, a recent Cochrane Col-
laboration review reported no conclusive evidence that
taping the patella is effective in reducing patellofemoral
pain, either as the only treatment or part of a treatment
regimen (Callaghan & Selfe, 2012). Anecdotally, ballet
dancers have used other forms of taping, such as Mulli-
gan’s taping (MT) and Kinesiotaping (KT) of the knee,
to reduce knee pain. However, it is still undetermined
whether such taping techniques that avoid directly taping
the patella will alter the patellofemoral mechanics, and
therefore influence knee pain. Kinesiotape is a recently
developed type of taping, and has been considered
potentially beneficial to use with ballet dancers (Ewalt,
2010). Its highly elastic properties, which allow its origi-
nal length to be stretch up to 120% to 140%, are claimed
to allow full range of motion (ROM) to the muscles and
joints the tape is applied to while providing support
(Kase et al., 2003). While KT is increasing in popularity,
there is no conclusive evidence that it can effectively
alter mechanical variables at the knee. MT utilizes rigid
tape to cause a rotational mobilization with movement
(Hopper et al., 2009), which aimed to change the track-
ing of the patella by applying an internal rotation force to
the tibia about the femur (Mulligan, 1999), and subse-
quently may affect hip and knee biomechanics. The effi-
cacy of this taping method is yet to be verified in the
dancing population, and there appears to be no evidence
that MT can alter knee and hip joint forces in ballet
dancers when landing in turnout positions. Previous
taping investigations have focused solely on the knee,
and more specifically the patellofemoral joint. Given that
hip mechanics have been linked with the anterior knee
pain in ballet dancers (McConnell, 2002; Cowan et al.,
2006; Willson & Davis, 2008), quantifying the effect of
knee taping on the hip joint mechanics is relevant in this
population. The effect of taping on lower-limb biome-
chanics during landing in turnout positions has not been
previously quantified.

Therefore, the primary purpose of this study was to
investigate and compare the effects of no tape (NT), MT,
and KT on knee and hip forces during landing in three
ballet turnout positions in healthy adolescent female
dancers. This may help us to understand the mechanisms
attributed to knee taping, and justify its use in the pre-
vention and treatment of injuries in ballet dancers.
Further, it is important that taping does not hinder per-
formance by changing the esthetic execution of the
dance choreography. Therefore the secondary aim was to
quantify the effect of the different taping techniques on
measures of the esthetics during ballet jumps performed
in the turnout position, including; peak knee and hip
flexion during landing and jump height.

Methods

This study was cross-sectional where the independent variables
were the taping conditions (MT, KT, and NT) and ballet landing

positions (first, second, and unilateral positions). The dependent
variables were knee and hip kinetics, and kinematics.

Participants
Eighteen dancers met the inclusion criteria and consented to par-
ticipate in this study (age = 13.2 ± 1 years, height = 1.6 ± 0.1 m,
weight = 45.4 ± 7.4 kg). Dancers were included if they were aged
between 12 and 15 years, trained a minimum of 10 h per week, and
all completed a vocationally graded ballet exam or competition in
2011. Dancers were excluded if they presented with one of the
following: any musculoskeletal injuries or illness at the time of
data collection, any lower-limb musculoskeletal injuries in the 6
weeks prior to data collection, a known tape allergy, or a history of
knee, hip or ankle surgery. Permission to conduct the study was
granted by the institutions Human Research Ethics Committee and
all dancers and their parents/guardians provided written informed
consent prior to participation.

Instrumentation
A 14-camera passive three-dimensional motion analysis system
(Vicon; Oxford Metrics, Inc.) and a force plate (Advanced
Mechanical Technology, Inc., Watertown, Massachusetts, USA)
were utilized to collect the relevant kinematic and kinetic data. For
this purpose, the Vicon system was operated at 250 Hz, while the
force plate captured at 1000 Hz. The Vicon system has been con-
sidered the gold standard in motion analysis (Ehara et al., 1997;
Barker et al., 2006).

Procedure
Dancers attended a single data collection and nominated their
preferred landing leg to be taped and measured. On arrival at the
laboratory, the dancers’ height and mass were recorded using a
stadiometer and calibrated scales. Ankle width, leg length, knee
width, and the anterior superior iliac spine to ipsilateral trochanter
distance were then recorded in order to calibrate the Vicon Plug-in
Gait model (Oxford Metrics, Inc.). Individual retro reflective
markers were then applied over anatomical landmarks of each
dancer using double-sided tape, in accordance with the Plug-in
Gait lower-limb model (Oxford Metrics, Inc.). This model requires
markers to be placed bilaterally over the following points: second
metatarsal head, calcaneus, lateral shank, lateral malleolus, lateral
thigh, lateral epicondyle of the femur, and anterior and posterior
superior iliac spines.

Dancers were required to perform one static standing trial (nec-
essary for marker calibration). For the dynamic trial collection,
participants were instructed to perform three classical ballet jumps
from different turnout positions, under three taping conditions.
The ballet jumps were completed in three commonly practiced
ballet positions, all of which required turnout. Two of the five
standard classical ballet positions of the feet, the first and second
positions, were utilized as well as a unilateral position (performed
on the participants preferred leg) (Fig. 1). Familiarization trials
were required for each position, after which dynamic trials were
collected, during which kinematics and kinetics were measured
during the landing phase, which is defined as the period of time
between ground contact and body mass stabilization.

Each of the ballet jumps were performed under three different
taping conditions: KT, MT, and NT, which were randomized by
the roll of a die. The KT technique combined a facilitation tape of
vastus medialis obliquus with a mechanical correction to the
patella and a medial glide of the patella to limit the lateral dis-
placement of the patella (Fig. 2) (Bridges, 2010). MT was applied
to the subject according to the standardized protocol (Fig. 3)
(Mulligan, 1999). The same researcher applied both taping tech-
niques for all participants.
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For each taping condition dancers performed three jumping
trials in each landing position (first, second, unilateral), in a
random order. Trials were discarded if the subject did not land on
the force platform, if they landed with two feet on one platform, or
if they lost their balance on landing. A ballet teacher was present
throughout to ensure that the activities were performed correctly.
A standard 5-min interval was also allowed between each taping
condition, in an attempt to control for the effect of any cutaneous
stimulation that the previous tape may have provided (MacGregor
et al., 2005).

Data management and analysis
Vicon data were inspected using Vicon motion analysis software
(Nexus; Oxford Metrics, Inc.) for breaks, which can occur
because of marker occlusion. Small gaps (less than 10 frames)
were filled using a built-in spline interpolation function, in
Vicon. No breaks larger than this occurred. A residual analysis
was performed prior to the data being filtered by the Woltering
filtering routine, using a mean square error of 4. The Vicon
Plug-in Gait mathematical model (Oxford Metrics, Inc.) was
then utilized to calculate all relevant lower-limb kinematics and
kinetics.

Peak hip and knee forces (anterior/posterior shear forces,
medio-lateral shear forces and compression-distraction), peak
hip and knee flexion during landing as well as peak height of
the pelvis during flight were then extracted using a custom
LabVIEW v2011 SP1 (National Instruments, Austin, Texas,
USA) program.

Box and whiskers plots were used to review for outliers and
none were evident. Using Microsoft Excel 2008 (Microsoft Cor-
poration, Redmond, Washington, USA) each variable was aver-
aged across three viable trials for each dancer. The data was then
transferred to the Statistical Package for the Social Sciences
(SPSS) v.19.0 (SPSS, Inc., Chicago, Illinois, USA). A repeated
measures analyses of variance was conducted individually for the
three different landing positions (first, second, unilateral), which
examined the effect of different taping techniques (KT, MT, and
NT) on each dependent variable during landing. Pairwise compari-
sons were calculated for significant main effects, using the
Bonferroni adjustment, to determine between which taping condi-
tions were significantly different. Statistical significance was set to
P < 0.05.

(a)(a) (b)(b) (c)(c)(a) (b) (c)

Fig. 1. Ballet positions. The ballet jumps were performed in three different ballet turnout positions: the first position (a), second
position (b), and unilaterally (c).

(a)

(b)

(c)

Fig. 2. Kinesiotaping technique. (a) To begin, the knee is placed
in 45° of flexion. The medial arm of the tape is applied 25–50%
tension along the medial border of the vastus medialis oblique
(VMO). (b) Knee is placed in extension and a medial glide of the
patella is executed by the therapist and the tape is applied with
maximum (100%) tension to the lateral aspect of the patella.
(c) The knee is bent to 45° of flexion and the lateral arm of tape
is applied 25–50% tension along the lateral border of the VMO
and then the knee is placed in extension and a medial glide is
reinforced using the same medial glide technique with the tape
placed with maximal tension.

Effect of knee tape on knee and hip mechanics
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Results

The effect of taping on hip and knee forces are presented
in Table 1, with pairwise comparisons for all significant
main effects delineated in Table 2. There were no sig-
nificant differences in knee or hip forces between taping
techniques during landing in the second position
(Table 1).

Knee forces
At the knee, there was a significant main effect for
the different taping conditions for peak posterior
[F(2, 34) = 3.37, P = 0.046], and lateral [F(2, 34) = 4.02,
P = 0.027], knee forces during landing in the first posi-
tion (Table 1). Pairwise comparisons demonstrated that
MT resulted in significantly lower peak posterior knee
forces than NT (mean difference: 65.4 N) (Table 2).
Post-hoc tests revealed no significant differences
between any of the taping conditions for peak lateral
knee forces during landing in the first position, although
it is noteworthy that MT was again associated with less
force than KT (mean difference: 34.3 N) and NT (mean
difference: 43.1 N) (Table 2).

During the unilateral landings, there was a significant
main effect for peak medial knee force [F(2, 34) = 3.65,
P = 0.037, Table 1]. While, post-hoc tests revealed no
significant differences between any of the taping condi-
tions (Table 2), MT tended to have less medial knee
force than KT (mean difference: 17.83 N) and NT (mean
difference: 21.67 N).

Hip forces
In the first position, there was a significant main effect
for taping condition on peak posterior [F(2, 34) = 4.08,
P = 0.026], medial [F(2, 34) = 4.50, P = 0.019], and
lateral [F(2, 34) = 4.27, P = 0.022], hip forces during
landing (Table 1). Post-hoc tests revealed that MT
resulted in significantly lower peak posterior (mean dif-
ference: 139.9 N), medial (mean difference: 37.5 N), and
lateral (mean difference: 51.7 N) hip forces than NT
(Table 2).

In the unilateral landing position, there was a
significant overall taping effect for; peak posterior
[F(2, 34) = 4.80, P = 0.015] and lateral [F(2, 34) = 3.63,
P = 0.037] hip forces (Table 1). Post-hoc tests revealed
that MT was associated with significantly lower poste-
rior hip forces than KT (mean difference: 169.4 N,
Table 2). Post-hoc tests failed to detect any significant
differences between any of the taping conditions for
peak lateral hip forces (Table 2).

Measures of jumping esthetics
There was no significant difference in: peak hip and knee
flexion during landing or, peak height of the pelvis
during flight between the three taping conditions, in any
of the tested landing positions (Table 3).

Discussion

This is the first study to compare the effects of MT
and KT on knee and hip forces during ballet landings

(a) (b) (c) (d)

Fig. 3. Mulligan’s taping technique. The subject is positioned with the knee flexed to 25° with the tibia internally rotated and with the
hip externally rotated. (a) Rigid tape is applied from the fibula head, passing over the tibia while applying an internal tibia torsion force.
(b, c, d) The tape continues to pass across the medial joint line and spirals posteriorly. Participants are required to stand, with the
selected knee positioned in 25° flexion and the hip in slight internal rotation. Tape is applied in a spiral from the fibula neck, across
the front of the tibia while applying an internal tibial torsion force. The tape then passes posterior, inferior to the medial knee joint line,
then centrally over the posterior aspect.
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in turnout positions. This study indicates that MT
effectively reduced specific knee and hip forces
during the execution of landings in some of the
ballet positions in comparison with NT. In contrast, KT
had no effect on knee or hip forces. Neither taping
method affected the measured esthetics during ballet
landings.

MT was associated with significantly less peak pos-
terior knee force than NT during landing in the first
position. The first position requires a substantial
amount of turnout, which often is “forced” in dancers.
Forcing/compensatory turnout is considered to lead
directly to non-traumatic overuse injuries in dancers via
tissue overload (Coplan, 2002; Negus et al., 2005).

Table 1. Mean (SD) peak hip and knee forces during different landings performed by ballet dancers, under three taping conditions

Taping condition P value

MT KT NT

Knee forces (N)
Anterior

P1 366.4 (150.2) 396.2 (189.8) 413.3 (168.4) 0.418
P2 342.2 (147.9) 385.8 (179.4) 371.4 (134.1) 0.388
PU 551.1 (292.8) 512.8 (196.7) 519.1 (177.8) 0.609

Posterior
P1 241.4 (120.8) 254.5 (135.5) 306.8 (130.3) 0.046*
P2 225.7 (124.1) 235.7 (121.7) 273.5 (102.1) 0.270
PU 310.1 (235.5) 322.4 (172.4) 337.3 (173.4) 0.655

Medial
P1 105.9 (55.0) 113.3 (64.3) 122.9 (66.2) 0.584
P2 85.1 (45.6) 104.1 (45.4) 102.1 (53.3) 0.199
PU 81.4 (61.7) 99.3 (53.2) 103.1 (62.9) 0.037*

Lateral
P1 196.2 (80.0) 230.6 (104.1) 239.2 (95.9) 0.027*
P2 193.8 (89.0) 206.7 (90.0) 210.6 (91.2) 0.537
PU 229.5 (180.4) 331.6 (166.6) 339.1 (155.0) 0.854

Compression
P1 418.4 (234.8) 436.7 (201.0) 416.5 (200.0) 0.640
P2 403.3 (198.3) 413.4 (232.2) 405.4 (217.3) 0.839
PU 907.9 (326.9) 940.1 (320.5) 913.7 (296.6) 0.521

Distraction
P1 68.7 (64.8) 69.3 (58.9) 80.7 (75.3) 0.199
P2 68.9 (82.1) 58.3 (49.2) 72.4 (66.3) 0.384
PU 25.5 (22.6) 33.4 (39.5) 29.6 (24.0) 0.336

Hip forces (N)
Anterior

P1 421.6 (186.8) 506.6 (257.6) 477.2 (204.3) 0.257
P2 436.9 (220.8) 437.8 (220.3) 454.4 (260.7) 0.948
PU 528.3 (319.5) 629.6 (301.5) 526.7 (215.4) 0.130

Posterior
P1 480.7 (217.5) 561.4 (265.1) 620.6 (268.4) 0.026*
P2 646.9 (638.0) 535.9 (344.8) 540.7 (263.2) 0.529
PU 713.9 (285.5) 883.3 (380.0) 740.7 (205.7) 0.015*

Medial
P1 164.1 (79.1) 184.0 (70.8) 201.6 (70.9) 0.019*
P2 145.3 (69.4) 151.6 (64.1) 169.1 (77.1) 0.270
PU 207.7 (120.3) 225.5 (118.5) 234.8 (114.2) 0.207

Lateral
P1 239.8 (105.1) 296.3 (127.4) 291.5 (95.5) 0.022*
P2 235.8 (99.2) 249.9 (109.9) 260.9 (95.9) 0.572
PU 332.0 (218.3) 391.7 (203.4) 399.0 (170.3) 0.037*

Compression
P1 367.5 (237.2) 382.3 (197.9) 395.9 (211.9) 0.407
P2 359.2 (201.2) 363.9 (242.8) 387.7 (212.6) 0.480
PU 909.4 (338.4) 879.3 (303.5) 874.2 (261.1) 0.942

Distraction
P1 116.2 (80.5) 145.8 (104.6) 134.1 (107.4) 0.353
P2 96.6 (82.7) 100.8 (84.2) 123.6 (105.6) 0.060
PU 38.1 (27.5) 40.7 (38.5) 34.2 (30.3) 0.529

*Represents significant main effect at P < 0.05.
KT, Kinesiotape; MT, Mulligan’s tape; NT, no tape; P1, landing in first position; P2, landing in second position; PU, unilateral landing; SD, standard
deviation.
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Further, it has been demonstrated that dancers with
patellar tendinopathy exhibit larger vertical and break-
ing ground reaction forces during landing from a
jumping task, than uninjured dancers (Fietzer et al.,

2012). Additionally, it has been documented that
dancers perform more than 200 jumping and landing
activities throughout their daily training and practice
(Liederbach et al., 2006). This high repetition of

Table 2. Pairwise comparison of marginal means of hip and knee forces, with Bonferroni adjustment for significant main effect

Taping Mean difference SE P value 95% confidence interval

Lower bound Upper bound

Knee forces (N)
Posterior

P1 KT vs MT 13.11 27.78 1.000 −60.65 86.87
KT vs NT −52.33 29.70 0.288 −131.18 26.51
MT vs NT −65.44 21.91 0.025* −123.61 −7.28

Medial
PU KT vs MT 17.83 7.28 0.076 −1.49 37.16

KT vs NT −3.83 8.95 1.000 −27.59 19.92
MT vs NT −21.67 9.33 0.098 −46.43 3.09

Lateral
P1 KT vs MT 34.39 15.39 0.118 −6.48 75.26

KT vs NT −8.67 15.34 1.000 −49.39 32.05
MT vs NT −43.06 17.37 0.072 −89.17 3.06

Hip forces (N)
Posterior

P1 KT vs MT 80.72 51.86 0.414 −56.97 218.41
KT vs NT −59.22 56.03 0.916 −207.97 89.53
MT vs NT −139.94 37.89 0.005* −240.56 −39.33

Posterior
PU KT vs MT 169.39 49.64 0.010* 37.61 301.17

KT vs NT 142.67 69.80 0.170 −42.64 327.97
MT vs NT −26.72 55.12 1.000 −173.03 119.59

Medial
P1 KT vs MT 19.94 11.91 0.337 −11.69 51.56

KT vs NT −17.56 13.28 0.611 −52.82 17.70
MT vs NT −37.50 12.31 0.022* −70.186 −4.81

Lateral
P1 KT vs MT 56.50 25.33 0.119 −10.76 123.76

KT vs NT 4.83 22.00 1.000 −53.58 63.25
MT vs NT −51.67 15.85 0.014* −93.78 −9.58

Lateral
PU KT vs MT 59.67 25.07 0.088 −6.88 126.22

KT vs NT −7.33 24.65 1.000 −72.78 58.11
MT vs NT −67.00 31.57 0.146 −150.81 16.81

*Represents significant mean difference at P < 0.05.
KT, Kinesiotape; MT, Mulligan’s tape; NT, no tape; P1, landing in first position; P2, landing in second position; PU, unilateral landing; SD, standard error.

Table 3. Landing esthetics [means (SD) ] during different landings performed by ballet dancers, under three taping conditions

Taping condition P value

MT KT NT

Peak knee flexion during landing (degrees)
P1 56.6 (18.2) 57.6 (17.6) 58 (18.8) 0.567
P2 61.1 (19.2) 61.3 (17.7) 61.5 (18.2) 0.982
PU 41.9 (12.3) 39 (11.5) 39.9 (11.0) 0.213

Peak hip flexion during landing (degrees)
P1 39.8 (11.6) 39.7 (12.4) 40.9 (12.4) 0.268
P2 41.6 (12.5) 41.8 (13.2) 42.3 (14.2) 0.732
PU 36.0 (10.8) 35.3 (9.6) 35.6 (9.4) 0.835

Peak height of the pelvis during flight (mm)
P1 1013.5 (62.0) 1022.4 (66.2) 1013.0 (76.6) 0.704
P2 1011.4 (68.4) 1017.8 (68.5) 999.7 (43.9) 0.359
PU 1009.4 (68.8) 1012.8 (70.5) 1000.3 (69.5) 0.215

KT, Kinesiotape; MT, Mulligan’s tape; NT, no tape; P1, landing in first position; P2, landing in second position; PU, unilateral landing; SD, standard deviation.
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loading activity is concerning as the biomechanical
problems associated with the excessive turnout posi-
tion are exacerbated in jumping (Schafle, 1990). Given
that overuse knee injuries are associated with increased
knee joint reaction forces (Mostamand et al., 2012),
and MT may reduce this during landings considered
particularly injurious, this taping may offer a
protective/preventative role for overuse knee injuries in
ballet dancers.

Compensatory turnout strategies such as “screwing
the knees” to enhance turnout can contribute too many
musculoskeletal injuries in dancers, not only the knee
and ankle, but also at the hip and lumbar spine (Khan
et al., 1995). This is the first study to demonstrate the
effect of knee taping on hip forces, despite the fact
that it has been suggested that knee injuries may be
associated with altered hip mechanics (Cowan et al.,
2006; Powers, 2010; Willson et al., 2011). The current
study demonstrated that MT of the knee significantly
reduces posterior, medial, and lateral hip forces during
landing in the first position compared with NT, and
significantly reduced peak posterior hip force during
unilateral landings compared with KT. MT therefore
appears to provide protective benefits not only the
knee joint, but also at the more proximal hip joint.
This is in line with previous research that has demon-
strated that ankle taping, using standard athletic
tape, reduces forces at the more proximal knee joint,
during dynamic sporting maneuvers (Stoffel et al.,
2010). This reduction in hip force is likely to have a
positive influence on hip injuries in ballet dancers that
have been related to excessive force absorption
(Kern-Scott et al., 2011). Future research is required to
quantify the effect of these altered forces on patella
tracking, which is not yet possible with current motion
analysis methods.

Interestingly, there were no significant changes in
kinetics at the hip or the knee during any landings in the
second position. The second position is characterized by
a wider base of support than the other two positions
investigated; it is known that a wider base of support
can promote increased stability (Riley et al., 1995;
McAndrew Young & Dingwell, 2012), thus it can be
hypothesized that landing with a wider base of support
may result in more stability in static (Riley et al., 1995)
and dynamic tasks (McAndrew Young & Dingwell,
2012), thus less variability in performance across all
three taping techniques.

Peng et al. (2010) found that there was a tendency
for ballet dancers with knee pain to protect their knee
by demonstrating greater knee power absorption during
landing in a turnout position, as compared with dancers
without knee pain. This increased power absorption
was achieved without altering knee flexion, therefore
maintaining the esthetic requirements of ballet perfor-
mance. Critically, the detected reductions in knee and
hip forces in the current study were not associated with

any change in the measured esthetics. During ballet
jumps, the depth of the plié on landing from a jump
(i.e., magnitude of knee and hip flexion) and jump
height are integral performance criteria, and are taught
from a young age (Wyon et al., 2013). Further, plié
depth has been correlated with reductions in ground
reaction forces during landing, therefore reducing the
risk of injury (Lees, 1981; Paskevska, 1992). Indeed, it
is recommended that taping in dancers should not limit
the dancers’ ROM required to perform different ballet
techniques. It can therefore be concluded that MT
might have a protective role at the knee and hip without
effecting esthetic performance. Further research into
the neuromechanical effects of taping is required to
enhance our understanding of the mechanisms behind
knee taping.

In contrast to MT, KT, as applied in this study, had
no influence on any measured variable during the
ballet landings. This is in line with recent research by
Howe et al. (2014), who found that MT altered lower-
limb biomechanics in recreation runners, whereas KT
had no effect on hip and knee mechanics. The impli-
cations of this result are mixed. First, this result con-
firms the manufactures claim that KT’s elastic
properties allow full ROM for the applied muscles and
joints (Kase et al., 2003). However, while the tape does
not specifically claim to reduce joint forces, it is
designed to “provide support” to the joint. The findings
of the current study contradict this claim, suggesting
that KT offers no support through force reduction at the
knee or hip during the execution of ballet landings in
turnout positions. This is in line with the findings of
Lins et al. (2013), who reported that KT did not affect
lower-limb function or neuromuscular performance in
healthy subjects. This is partly supported by the results
of Chen et al. (2008) who found that KT had no effect
on ground reaction force (GRF) during stair climbing
activities in a pain-free population. However, they did
find that KT reduced GRF and pain in patients with
patellofemoral pain syndrome, further research is
required in ballet dancers who are suffering from
overuse knee injuries or knee pain.

It must be acknowledged that the reduced knee and
hip forces discussed were not detected in all ballet
landing positions assessed. Additionally, we included
only uninjured dancers in the current study; there-
fore, the effect of taping may vary in those with knee
or hip injuries or pain, and is an area for future
research.

Perspectives

Notwithstanding the limitations of a study performed on
healthy individuals, the results presented here indicate
that MT reduces some hip and knee forces during several
ballet landings that require the turnout position, with no
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effect on jumping or landing esthetics. KT was found to
have no effect on any of the measured variables. It would
therefore appear that MT of the knee may support the
knee and hip during ballet, while KT offers no alteration
in joint forces. Clinically, this research indicates that
dancers, and potentially other jumping athletes, can use
MT to reduce joint reaction forces without an esthetic
change in their landing.

Key words: Knee force, hip force, kinetics, kinematics,
turnout.
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