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MRI analyses show that kinesio taping affects much more than just
the targeted superficial tissues and causes heterogeneous
deformations within the whole limb
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a b s t r a c t

Kinesio taping (KT) is widely used in the treatment of sports injuries and various neuro-musculoskeletal
disorders. However, it is considered as selectively effective on targeted tissues and its mechanical effects
have not been quantified objectively. Ascribed to continuity of muscular and connective tissues,
mechanical loading imposed can have widespread heterogeneous effects. The aimwas to characterize the
mechanical effects of KT objectively and to test the hypotheses that KT causes acutely, local deformations
not necessarily (I) in agreement with tape adhering direction and (II) limited to the directly targeted
tissues.

High-resolution 3D magnetic resonance image sets were acquired in healthy human subjects (n¼5)
prior to and acutely after KT application over the skin along m. tibialis anterior (TA). Hip, knee and ankle
angles were kept constant. Demons image registration algorithm was used to calculate local tissue
deformations within the lower leg, in vivo.

Mean peak tissue strains were significantly higher than strain artifacts. Only KT-to-TA region in part
shows local deformations in agreement with tape adhering direction whereas, superficial skin, the rest of
KT-to-TA and TA regions show deformations (up to 51.5% length change) in other directions. Non-
targeted tissues also show sizable heterogeneous deformations, but in smaller amplitudes. Inter-subject
variability is notable.

Magnetic resonance imaging analyses allow for a detailed assessment of local tissue deformation
occurring acutely after KT application. The findings confirm our hypotheses and characterize how KT
affects the underlying tissues, both immediately targeted and distant. This allows revealing mechanisms
that can affect clinical outcomes of KT objectively.

& 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Kinesio taping (KT) (for a review see Bassett et al., 2010; Wil-
liams et al., 2012) has been increasingly used in the treatment of
sports injuries and various neuro-musculoskeletal disorders.
However, objective assessments of its effects have been sparse.
Studied physiological outcome measures agree with the expected
benefits such as improved muscle strength (Fratocchi et al., 2013;
Hsu et al., 2009) and activity (Hsu et al., 2009; Slupik et al., 2007),
increased range of motion (Gonzalez-Iglesias et al., 2009; Hsu et
al., 2009; Thelen et al., 2008), better force sensing (Chang et al.,
2010a), scar healing (Karwacinska et al., 2012), increased lymph
flow (Shim et al., 2003) and reduced pain (Aguilar-Ferrandiz et al.,

2013; Gonzalez-Iglesias et al., 2009; Thelen et al., 2008). Yet, other
studies argue that the changes may be too small to be clinically
beneficial (Gonzalez-Iglesias et al., 2009), or even show no chan-
ges e.g., in muscle strength (Chang et al., 2010a) and activity
(Alexander et al., 2008; Alexander et al., 2003; Briem et al., 2011),
nerve conduction (Lee et al., 2011) and joint position sense (Fra-
tocchi et al., 2013; Halseth et al., 2004).

Alexander et al. (2008, 2003) showed an inhibitory effect of
taping on trapezius and gastrocnemius muscles. This suggests that
taping causes deformations within the target muscle, a component
of which affects muscle fibers. For this to occur, forces applied by
the tape over the skin must be transmitted to deeper layers of
muscle tissue. On the other hand, KT effects outside the target
muscle are often ascribed to neurological mechanisms triggered by
the effects on the target muscle (Kase et al., 2003; Tamburella
et al., 2014). Mechanical effects of KT beyond the targeted tissues
are not known objectively. Muscles packed within a limb can
impose loads on each other via their contacting surfaces. This can
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reflect particularly normal forces originating from KT inside the
limb. Additionally, continuity of the extracellular matrix (ECM)
with epimuscular connective tissues (Huijing, 2009; Yucesoy et al.,
2003) and muscle fibers (Berthier and Blaineau, 1997; Huijing,
1999; Street, 1983) allows myofascial force transmission (MFT) (for
details see Yucesoy, 2010; Yucesoy and Huijing, 2007). Animal
experiments showed major inter-synergistic (Maas et al., 2001)
and inter-antagonistic (Rijkelijkhuizen et al., 2007) MFT, within an
entire limb (Yucesoy et al., 2010). This can reflect both normal and
tangential forces originating from KT to the targeted tissues and
from there, to other tissues elsewhere within the limb. Recent
magnetic resonance imaging (MRI) studies indicate heterogeneous
local deformations, upon changing exclusively the knee angle, not
only within m. gastrocnemius, but also within its synergistic
(Huijing et al., 2011) and antagonistic muscles (Yaman et al., 2013).
Therefore, mechanical loading imposed selectively can have
widespread heterogeneous effects.

We consider that by operationalizing such mechanisms, KT
initiates mechanical effects distributed within a limb. Proposed
benefits may rely directly on local deformations (e.g., in tissue
alignment), or on their translation into sensory (e.g., by increasing
space over the area of pain, or directing the exudate to a lymph
duct) or proprioceptive (e.g., by loading or unloading of mechan-
oreceptors) effects. However, comprehensive assessments of
mechanical effects of KT are lacking which obscures understanding
of the mechanism of imposed effects on the underlying tissues.
Therefore, our goal was to characterize the mechanical effects of
KT objectively using MRI analyses. Specifically, we aimed at testing
the hypotheses that KT causes acutely local deformations not
necessarily (I) in agreement with tape adhering direction and (II)
limited to the directly targeted tissues.

2. Methods

2.1. Subjects

Experimental procedures were in strict agreement with guidelines and reg-
ulations concerning human welfare and experimentation set forth by Turkish law,
and approved by a Committee on Ethics of Human Experimentation at Istanbul
University, Istanbul School of Medicine, Istanbul.

Five healthy woman subjects ((mean7SD): age¼25.671.8 years, height¼
160.475.5 cm, body mass¼51.477.8 kg) volunteered (Table 1). After a full
explanation of the purpose and methodology, the subjects provided an informed
consent.

2.2. Experimental protocol

Each subject was positioned prone on the MRI patient table. The left leg was
brought to a reference position: (I) the ankle was fixed at 90° by using a custom
made MRI compatible device (Fig. 1a). A piece of Velcro under the heel and straps
over the ankle allowed joint position fixation. (II) Using the scanner’s positioning
laser, the tip of the device and three locations in the lower leg were marked to fix
its orientation. Position of the spina iliaca anterior superior was marked on the MRI
table. To locate the knee joint, a piece of Velcro was attached over the patella and
also on the MRI table.

The knee angle measured using a universal goniometer (Norkin and White,
1995) in the reference position (undeformed state) equaled 158°75°. After moving
the patient table into the bore, sets of 3D high-resolution MR images were acquired
at relaxed state. Subsequently, the patient table was moved out. Standard kinesio
tape (5 cm beige Kinesio Tex Gold FingerPrint Tape, Kinesio Holding Company,
Albuquerque, NM) was applied without removing the subject. Placing one end at
the dorsal surface of the metatarsus, the tape was stretched proximally to the
tuberosity of tibia with 50% tension (Fig. 1b), and was adhered over the skin along
m. tibialis anterior (TA) after the ankle was brought to plantar-flexion (Kase et al.,
2003) (Fig 1c). This imposes a distally directed loading. Using the positioning laser,
care was taken to maintain marker positions. In this deformed state, the knee angle
equaled 158°74°. Maintained relaxed state of the subject for 30 min allowed KT
effects to be stabilized. Then the patient table was moved into the bore auto-
matically ensuring that it attained the identical position also during image acqui-
sition in the deformed state.

2.3. Image acquisition

3D localizer imaging was performed to plan the subsequent imaging sequences.
3D turbo fast low-angle shot [Turbo FLASH] based (Table 2) coronal MR image sets
were collected using 3 T MR scanner (Magnetom Trio; Siemens, Erlangen, Ger-
many) with two 6-channel surface coils. Choices of high bandwidth and frequency
encoding in proximo-distal direction (Weis et al., 1998) allowed minimizing
potential chemical shift artifacts. Imaging time equaled 6 min and 6 s.

2.4. Calculation of in vivo deformations

Starting from the proximal half of the imaged portion of the lower leg (cor-
responding to mid-TA belly), 64 consecutive cross-sectional slices were studied
(Fig. 2a). Within each slice, seven anatomical regions were distinguished manually
by outlining their boundaries (Fig. 2b): connective tissues including the skin and
fasciae superficial to TA (referred to as KT-to-TA region) and TA (directly targeted
tissues); toe extensors, peroneal muscles, deep flexor muscles, m. soleus and m.
gastrocnemius (non-targeted tissues).

In vivo deformations caused by KT were calculated (Fig. 3) by aligning MR
images acquired in the deformed and undeformed states. Demons algorithm
(Thirion, 1998), i.e., a nonrigid and nonparametric image analysis technique was
applied. Utilizing arrays of voxel intensities, this algorithm relies on differences
between grayscale values of consecutive voxels within each image and corre-
sponding voxels in deformed and undeformed images. Image differences calculated
iteratively are used to characterize displacement values for each voxel. During each
iteration, updated displacement fields are smoothed by a Gaussian kernel for
regularization of local displacements and global motion. Finally, after a successful
alignment of images obtained by minimizing image differences, information on real
deformation is available for each cubic shape comprised of four adjacent image
voxels.

Using displacement fields obtained, deformation gradient matrix F , character-
izing voxel deformation, was calculated by using displacement gradient (∇u) in
material coordinates:

F ¼∇uþ I ð1Þ

Green–Lagrange strain tensor E was calculated for each voxel in order to assess
deformations within the lower leg muscles present after KT application:

E¼
1
2

FTF% I
h i

ð2Þ

For each anatomical region separately
Eigenvalue analyses were done per voxel. First (E1) and third (E3) principal

strains represent peak local tissue lengthening and shortening, respectively. The
eigenvectors determine the direction of peak deformations.

2.5. Calculation of algorithm artifacts

The validity of Demons algorithm has been well-tested and shown for several
soft tissues including myocardium (e.g., Gao et al., 2014; Mansi et al., 2009). This
algorithm’s success in quantifying skeletal muscle tissue deformations was shown
with vigorous testing (Yaman et al., 2013). Presently, image sets of the undeformed
state were transformed by a “synthetic rigid body motion” imposed on the data:
10° rotation within the cross-sectional plane (representing endorotation of the
knee during flexion (Moglo and Shirazi-Adl, 2005)), 3° rotations in the coronal and
sagittal planes, and 4 mm translation axially.

Subsequently, the undeformed state and the transformed image sets were
compared. Theoretically, imposed rigid body motion should cause no strains.
Therefore, any strains calculated represent algorithm artifacts.

2.6. Calculation of subject repositioning artifacts

In order to characterize artifacts due to subject repositioning per se, identical
experimental procedures and data analyses described above were repeated in a
separate session, this time without a KT application.

Table 1
Anthropometric data.

Subject Age Height
(cm)

Mass (kg) Upper leg length
(cm)

Lower leg length
(cm)

A 27 154 45 49.0 36.0
B 24 163 51 50.5 36.5
C 24 155 43 45.5 38.0
D 28 165 56 51.0 36.0
E 25 165 62 46.5 40.0
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2.7. Statistics

Principal strain distributions by definition deviate from normal distributions.
Therefore, nonparametric Wilcoxon rank sum tests were performed for differences
between (i) the artifacts and in vivo deformations due to KT application (ii) and
deformations in directly targeted and non-targeted tissues. Nonparametric Krus-
kal–Wallis tests with Dunn’s post hoc test were performed for inter-subject varia-
bility. The level of significance was chosen at po0.05.

3. Results

After KT application, mean peak tissue strains in directly tar-
geted tissues and non-targeted tissues were significantly higher
than algorithm and subject repositioning artifacts (Table 3). For a
majority of the comparisons, subject repositioning artifacts were
significantly higher than algorithm artifacts.

Fig. 4 shows pooled local tissue deformations data across all
subjects. For KT-to-TA and TA regions respectively, maximal local
lengthening and shortening equals 51.5% and 27.5%, and 41.4% and
29.6% (Fig. 4); mean lengthening and shortening equals 10.9% and
10.2%, and 10.2% and 10.1% (Table 3). Maximal strain values of the
non-targeted tissues are sizable (Fig. 4). However, overall, mean
local lengthening and shortening (5.7% and 5.9%) are significantly
smaller than corresponding values of KT-to-TA and TA regions
each (Table 3).

Fig. 5 shows distributions of local deformations for subject A.
This presentation visually reveals that bigger amplitude strains
occur in directly targeted tissues. Key tissue deformations (Fig. 5d)
are described below. See Supplementary material for such pre-
sentations for the remainder subjects and Fig. 6 for a comparison
across the subjects.

Fig. 1. Illustrations of subject positioning in the MR scanner and kinesio tape application. (a) MR image sets were acquired before and after tape application for the
undeformed and deformed states, respectively. The figure illustrates subject positioning after tape application. The experimental procedure includes several steps: (1) the left
leg was brought to a reference position. The ankle angle was fixed at 90° by using an MRI compatible fixation device. A piece of Velcro under the heel and strapping over the
ankle allows fixation of the ankle angle. To locate the knee joint, a piece of Velcro was attached to the patella. Position of the knee (patella) was marked on the MRI table and
a corresponding piece of Velcro was placed. Additionally, position of spina iliaca anterior superior (SIAS) was marked on the MRI table (not shown in the figure). (2) The
patient table (a motorized and computer-controlled slide) was moved into the MRI bore. Using the positioning laser of the MRI scanner, care was taken to maintain the
positions of the markers on the lower leg and on the fixation device with respect to corresponding markers on the patient table. (3) After MR image sets of the undeformed
state were acquired, the patient table was moved out of the MRI bore for tape application. (b) With the ankle in dorsi-flexed position, one end of the tape was placed distally
at the dorsal surface of the metatarsus and the other end was stretched to 50% tension proximally and placed on the tuberosity of tibia. (c) The ankle was then brought to
plantar-flexion and tape was adhered over the skin along m. tibialis anterior. (4) After waiting for 30 min to allow tissue deformation to take place, the patient table was
moved back into the bore automatically ensuring that it attains the identical position as during previous image acquisition. Care was taken to maintain the positions of the
markers and MR image sets of the deformed state were acquired.

Table 2
Parameters used in the FLASH sequence.

TR (ms) TE (ms) TI (ms) Flip angle (deg) Bandwidth (Hz/pixel) Field of view (mm2) Slice thickness (mm) Image matrix size Voxel size (mm3)

1750 3.36 1100 12 130 320&320 1 320&320x144 1&1&1

Note that no fat suppression and a choice of high bandwidth (41,600 Hz) were used. Number of averages¼1.
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Fig. 2. Anatomical regions studied. (a) A slice group consisting of 64 consecutive cross-sectional slices was selected manually for each subject: the most proximal slice
location was at the proximal half of the length of the imaged portion of the lower leg (corresponding to mid-m. tibialis anterior belly). (b) Within each slice analyzed, seven
anatomical regions were distinguished manually by outlining their boundaries to represent connective tissues including the skin and fasciae superficial to the TA (KT-to-TA
region), m. tibialis anterior (TA), toe extensors (m. extensor digitorum longus and m. extensor hallucis longus), peroneal muscles, deep flexor muscles, m. soleus and m.
gastrocnemius. White dashed line corresponds to the location of sagittal slice in (a).

Fig. 3. Flowchart for image acquisition and data processing steps. Undeformed and deformed image sets were registered using Demon’s Algorithm. Obtained deformation
gradient matrix (F) was used to calculate the Green–Lagrange strain tensor (E) for each voxel. Eigen value analyses yielded first and third principle strains, representing peak
tissue lengthening and shortening, respectively.
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Directly targeted tissues: Superficially, along the skin, both
lengthening and shortening occurs in anterior–posterior directions,
causing parts of the skin to be lifted or pressed. Deeper, parts of KT-
to-TA region undergo shortening proximally or lengthening distally.
The lateral half of the TA shows lengthening posterior-laterally,
whereas the medial half shows shortening proximally. The remain-
der subjects also show consistent deformations, in varying ampli-
tudes (Fig. 6). However, subject D is an exception with the lateral and
medial halves of TA showing shortening in anterior and anterior-
proximal directions, respectively.

The non-targeted tissues: Overall, deformations in variable
magnitudes and directions are found for subject A (Fig. 5) and for
the remainder subjects. However, inter-subject variability in strain
magnitudes and directions is notable. For subjects D and E,
deformation in the non-targeted tissues is comparable to that of
directly targeted tissues (Fig. 6).

In sum, only one part of deeper KT-to-TA region shows local
deformations in agreement with tape adhering direction whereas,
including superficially the skin, the rest of KT-to-TA and TA regions
shows deformations in other directions. Moreover, although KT
causes more pronounced deformations in the directly targeted
tissues, non-targeted tissues also show sizable heterogeneous
deformations. These findings confirm our hypotheses. Inter-
subject variability of KT effects is notable.

4. Discussion

Demons algorithm has been utilized for calculating deforma-
tions in various tissues including pelvic floor (Wang et al., 2005),
lung (Latifi et al., 2013), myocardium (Gao et al., 2014) and finger
flexor muscles (Shi et al., 2012). In those studies, good agreements
were shown among strains calculated using Demons algorithm
and those determined by other registration methodologies and
imaging modalities. A commonly used reliable method to test
algorithm success is to use synthetic image sets with known
deformations imposed on the test image itself (Fedorov et al.,
2008; Vercauteren et al., 2009). In addition, physical phantoms are
used for a more direct testing (Chang et al., 2010b; Wang et al.,
2005). This technique reliability of which was well established
previously was employed recently to assess the deformation of
human lower leg musculature (Huijing et al., 2011; Yaman et al.,
2013). Knee angle changes were imposed passively to alter the
length of m. gastrocnemius, whereas the ankle was fixed to
restrain distally the lengths of all lower leg muscles. Yaman et al.
(2013) devised a synthetic known image deformation test invol-
ving very similar displacements to those occurring in the experi-
ments, which were imposed exclusively on m. gastrocnemius,

Table 3
Algorithm and subject repositioning artifacts compared to in vivo strains due to KT
application.

Mean7SD KT-to-TA
region

TA Non-targeted
tissues

Algorithm artifacts (synthetic rigid body motion) (n¼5)
No KT applied
Algorithm artifact
(lengthening)

1.5% 1.5% 1.2%
71.0% 71.3% 71.1%

Algorithm artifact
(shortening)

%1.6% %1.6% %1.3%
71.2% 71.1% 71.1%

Subject repositioning artifacts (n¼5)
No KT applied
Subject repositioning artifact
(lengthening)

3.3% 4.5% 2.9%
72.4%n 73.7%n 72.6%n

Subject repositioning artifact
(shortening)

%4.7% %4.8% %3.3%
73.5% 73.7%n 72.4%n

Local tissue strains (n¼5) due to KT application
Strain due to KT
(lengthening)

10.9% 10.2% 5.7%
77.6%n,†,‡ 77.7%n,†,‡ 74.1%n,†

Strain due to KT
(shortening)

%10.2% %10.1% %5.9%
76.0%n,†,‡ 75.9%n,†,‡ 73.8%n,†

n Significant differences (po0.05) with algorithm artifacts.
† Significant differences (po0.05) with subject-repositioning artifacts.
‡ Significant differences (po0.05) between targeted and non-targeted tissues.

Fig. 4. Effects of KT application in terms of local tissue deformations. Data were represented per anatomical region of interest (muscle, muscle group or non-muscular tissue)
and analyzed across all subjects. Local tissue lengthening and shortening effects (first and third principal strain). Box and whisker plots: The horizontal line inside each box
represents the median strain value; the upper and lower edges of each box itself represent upper and lower quartiles respectively (i.e., the 75th and 25th percentiles), and
lines extending from each end of the box (whiskers) indicate the maximal values of the principal strains plotted.
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forcing the remaining tissue volume to be absolutely undeformed.
Such challenging registration yielded no false deformations to be
calculated in that volume and strains of similar order of magnitude
as those imposed by image deformation were calculated for m.
gastrocnemius. This confirms success of Demons algorithm for
muscle tissue analyses, but also shows its limitations: (1) strains
were somewhat underestimated suggesting that they are con-
servative estimators of actual local deformations. (2) Sharp dis-
continuities in deformation yield errors for narrow regions
separating the deformed and undeformed volumes indicating that
deformations in boundaries between anatomical units need cau-
tion. However, strict discontinuities as such are unrealistic during
actual joint movement and also in the present test protocol, which
does not involve joint movement. Huijing et al. (2011) and Yaman
et al. (2013) conducted also a rigid body motion test by imposing
synthetic motion representing a much larger scale motion than
possible motion of subjects during imaging. As this should theo-
retically cause zero strain it is a good test of the algorithm, which
yielded very small strains, calculated in those studies and pre-
sently. However, earlier experiments did not require the subjects
to be removed from the MRI table. Therefore, in the present study,
an additional testing of actual subject repositioning was appro-
priate and yielded larger deformations than those resulting from
the synthetic testing. This suggests that certain changes in the
joint configurations of the subjects prior to deformed state ima-
ging are likely. Nevertheless, KT induced effects do dominate such
artifacts. Quantifying local tissue deformations due to KT allows
gaining a great insight for an objective understanding of the
effects of this treatment. Further technical developments mar-
ginalizing any artifacts of the employed advanced MRI analyses
and tailoring them also to other protocols of KT applications can
yield highly relevant new studies.

Notably, most local deformations within the directly targeted
tissues are not along the tape direction. Deformation in orthogonal
directions can be explained by recoiling of the stretched tape
causing the underlying skin to crimp. This involves the “lifting”
effect as described by Kase et al. (2003) at parts but, also the
opposite elsewhere causing local lengthening and shortening in
anterior–posterior and medio-lateral directions. However, the
remaining mismatch among the loading vs. deformation direction
can only be explained by transmission of the imposed loads

differentially within the tissues. Within the KT-to-TA region, col-
lagen bundles have increasingly random orientations from super-
ficial (epidermis) to deeper (dermis) layers of the skin (van Zuijlen
et al., 2003). Superficial fascia is continuous with the dermis, and
consists of non-dense (areolar) and dense connective tissue, both
containing irregularly arranged collagen fibers (Langevin and
Huijing, 2009). Skin ligaments connect the base of the dermis to
the deep fascia (Nash et al., 2004). This is continuous with epi-
mysium of the muscle below and its ECM is comprised of irregu-
larly arranged collagen fibers (Langevin and Huijing, 2009). Col-
lagen is the basic load-bearing element in connective tissues
(Wilkes et al., 1973) which are pathways for MFT (Huijing, 1999,
2007; Yucesoy and Huijing, 2007; Yucesoy et al., 2003). Myofascial
loads distributed within these structures can affect mechanics of
activated muscle substantially due to their effects locally on sar-
comeres (Turkoglu et al., 2014; Yucesoy, 2010; Yucesoy et al.,
2002). However, these loads affect local muscle tissue deforma-
tions also in passive conditions among synergistic (Huijing et al.,
2011) and antagonistic muscles of the lower human leg, in vivo
(Yaman et al., 2013). Regarding the present findings we suggest the
following explanation. The tape may deform the superficial skin
predominantly in the direction it is adhered. However, owing to
the irregular arrangement of collagen fibers deeper within the skin
and within the intramuscular connective tissues, the loads are
directed diversely such that most of the deformation occurs in
arbitrary directions.

Local deformations observed within the non-targeted tissues
indicate that the mechanical loading imposed externally by KT
application causes local distributed myofascial loads within the entire
lower leg. Previous studies reported for the rat muscles in situ
(Rijkelijkhuizen et al., 2007; Yucesoy et al., 2010) and for human
muscles in vivo (Huijing et al., 2011; Yaman et al., 2013) that inter-
muscular mechanical interaction ascribed to muscle relative position
changes causes altered force or local deformation. The results show
that KT can cause such mechanical interaction affecting tissues far
away from those directly targeted. However, tissue lengthening and
shortening appear less pronounced suggesting that the proximity to
tape affects magnitude of myofascial loads.

Ascribed to an expected increase of skin tension, KT application
has been considered to alter skin mechanoreceptors’ perception of
joint position evoking stimulus perceived as reaching the end of

Fig. 5. Distributions of local tissue deformations due to KT application per subject. The deformation fields belong to Subject A. The reader is referred to Supplementary
material for the remainder subjects. The deformation fields are visualized using glyphs. Each glyph represents deformation of a voxel. However, for clarity of presentation, a
consistent glyph masking was employed. The direction of each glyph is determined by the corresponding eigenvector. The length of each glyph is proportional to the size of
local tissue lengthening or shortening. (a) Representation of KT applied zone within the imaged volume. Two anatomical image slices are shown for reference. These slices,
also shown in parts (b) and (c), are proximally and distally 20 slices away from the centrally located slide within the analyzed volume. Superior–inferior (representing the
tape direction), anterior–posterior and medio-lateral directions are indicated. Deformations fields are shown distinguishing (b) local tissue lengthening and (c) local tissue
shortening (first and third principal strains, respectively). (d) The anatomical regions distinguished. Note that KT-to-TA region and the TA region comprise directly targeted
tissues whereas the remainder regions together are referred to as non-targeted tissues. General deformation characteristics of these tissues are summarized.
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normal joint position, before such position is attained (Kase
et al., 2003). A plausible mechanical consequence of such sensory
illusion is repositioning of the joint in order to normalize
perceived skin tension causing an assistance of flexion action.
Conceivably, distal lengthening of part of KT-to-TA region in
agreement with KT adhering direction may provide such assis-
tance. However, the present findings indicate varying directions
and amplitudes of skin deformation including not only elevated
tension but also the opposite. Therefore, KT effects on

proprioception appear to rely on a much more complex mechan-
ism than a uniform tension effect on the skin. Yet, free nerve
endings in the superficial epidermis and dermis (Purves, 2004) are
sensitive to stretch irrespective of loading direction (Grigg, 1996;
Liljencrantz and Olausson, 2014) and play a role in pain inhibition
(Hotta et al., 2010). Therefore, deformation patterns shown in KT-
to-TA region ally with pain alleviation. Lymphatic drainage is an
expected KT effect (Ristow et al., 2014) ascribed to lifting (Kase et
al., 2003). However, presence of not only lifted but also pressed

Fig. 6. Comparison of key tissue deformations across subjects for inter-subject variability. Key tissue deformations are distinguished by using eigenvectors calculated per
voxel: e.g., proximally directed key tissue deformation is classified for magnitude40.5 of voxel eigenvector component in the proximal direction. For the directly targeted
tissues, voxels belonging to medial or lateral halves of the skin; remainder of KT-to-TA region and the TA region were distinguished manually. Consequently, a total of 10,000
to 85,000 voxels were included in assessments for each of these regions. For the non-targeted tissues, deformation is quite heterogeneous with no key tissue deformation
pattern easily recognizable. Therefore, voxels are included without such classification for a general comparison across subjects. Bar plots show mean and SD of key tissue
deformations per region and per each subject. Consistent key tissue deformations across subjects can be compared for varying amplitudes for each region (all comparisons
except those indicated by * or † are significantly different). Deviations from that are indicated by gray bars and font.
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skin parts indicate a more complex mechanism, relying plausibly
on a pressure gradient in the tissue.

Muscle is the motor for movement hence anticipated improved
joint function effects should relate to muscle function. Sizable
mechanical effects of KT for the TA and other muscles are shown.
Local deformations imply effects on muscle spindles, considered
sensitive primarily to stretch (Matthews, 1981). However, this
effect is not necessarily in agreement with tape adhering direction.
The deformation patterns within the targeted TA are not homo-
geneous. This does not support the implicit assumption that KT
causes uniform spindle stretch or unloading characterized by the
way it is applied. Therefore, an expectation of facilitation or inhi-
bition effects directly in concert with the external tape application
protocol may be a simplistic one. Yet, muscle spindles respond to
transverse loads and pressure (Bridgman and Eldred, 1964). They
are considered to act also as “misalignment sensors” (Huijing,
2007) or local sensors of heterogeneous tissue strain (Yucesoy,
2010). These issues, which need to be confirmed, suggest locally
increased and decreased mechanoreceptor stimuli occurring
simultaneously at different parts of the muscle. Therefore, a pre-
ferred outcome at the joint should be a net effect of such variable
stimuli instead of a uniform increase or decrease. Using EMG,
Alexander et al. (2008, 2003) showed an inhibitory effect of taping,
which was applied to achieve a facilitation effect on trapezius and
gastrocnemius muscles. Based on our data, their findings may
either reflect a net effect of inhibitory nature or a local effect
predominantly inhibitory, whereas other locations not measured
could show the opposite. KT effects on antagonistic muscles are
either not anticipated or are considered as secondary to effects on
target tissue’s sensory apparatus (Tamburella et al., 2014). The
results show local tissue deformations confirming effects of KT on
non-targeted tissues and sustain the role of a neuro-mechanical
coupling within the entire limb. These issues may have important
implications for improving joint function using KT.

Issues not considered presently should be acknowledged. First,
other taping applications may cause different effects. Increasing
the tape tension or providing an inward pressure to the tissues can
affect deeper layers of fasciae (Kase et al., 2003). This could cause
higher amplitude deformations to take place in a wider zone
potentially including also some of the non-targeted tissues.
However, uniform effects consistently in agreement with tape
adhering direction are still not conceivable. Second, the present
testing was done in passive conditions, whereas typical use of KT
involves muscle activation and joint motion during daily or spor-
tive activities. Muscle activation leads to increased stiffness in
muscle tissue (Han and Kim, 2013). This may favor spread of
externally imposed loads and elevate the effects shown presently.
However, muscle activation will cause shortening of the target
muscle and as a consequence of joint motion, antagonistic muscles
will also change length. This is likely to alter KT effects on pro-
prioception. Third, athletes with musculo-skeletal and connective
tissue pathologies and patients with e.g., spasticity could differ
from our study group. Increased connective tissue stiffness and
muscle tone of pathological tissues may result in more pro-
nounced load transmission compared to that presently shown and
local variations in tissue deformations are plausible. It is important
that future studies also test experimental conditions involving
such issues not considered here.

In conclusion, MRI analyses allow for an objective assessment
of local tissue deformations caused by KT application. The findings
show that local deformations occurring acutely within the directly
targeted tissues include local lengthening and shortening within
both connective tissues including the skin and fasciae superficial
to the targeted m. tibialis anterior and within this muscle. These
deformations are heterogeneous in magnitude and direction.
Notably, only a small portion of the targeted tissue volume shows

deformations in agreement with tape adhering direction whereas,
most deformation occurs in other directions. Moreover, non-
targeted muscles are subject to such deformations, but in smal-
ler amplitudes.
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