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Abstract

ISO 13934-1.

brands in terms of maximum force and work (P <.001).

Background: Literature addressing the mechanical properties of kinesiology tape is quite scarce. There are no
studies which focus on the mechanical characteristics of kinesiology tape, its mechanical properties, nor its
adherence following the ISO international standard test methods for tape elongation.

Methods: This study quantified the mechanical characteristics of 380 samples of kinesiology tape from 19
different brands and in 4 different colors using a dynamometer. Mechanical testing was controlled by UNE EN

Results: Significant differences were found between tape brands in terms of grammage, maximum force tenacity,
work, pre-elongation and percentage elongation (P <.001). Regarding kinesiology tape color, statistically significant
differences were found between tape brands in terms of grammage, maximum force and tenacity (P < .001), work and
pre-elongation (P < .05). When adherence was studied, statistically significant differences were found between tape

Conclusions: The different kinesiology tapes presented different behaviors with regard to rupture and removal when
applied to skin in dry state, wet state and after being submerged in artificial acidic sweat solution. Therefore, different
kinesiology tape brands will produce different levels of strain even though the same elongation is used. Depending on
the characteristics (body dimensions) and properties (skin elongation) of each subject in the sample, bandages with
different elongations must be applied to achieve the same strain in all of the tapes and therefore produce the same
effect. The absence of these data at this time limits the reliability of previous clinical studies, makes comparing their
findings impossible and presents new challenges for research in this field.

Keywords: Mechanical processes, Strain, Elongation, Adherence, Injury prevention

Background

Recent years have seen significant developments in ban-
daging techniques, above all with the appearance of kin-
esiology tape (KT). These tapes have a plain weave
structure and, thanks to their elastane content, allow for
longitudinal stretch.

Some authors credit KTs with effects such as the im-
provement of somatosensory stimulation and an increase
in mechanoreceptive and proprioceptive impulses which
cause various responses such as the facilitation or
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inhibition of muscle activation [1-3]. However, there is in-
sufficient clinical evidence to support these claims [4, 5].

The application of KT has become a popular treat-
ment among athletes, although its real effects are still
being investigated [6].

Nevertheless, various authors encourage the use of KT
for all athletes as a way to prevent and treat musculo-
skeletal injuries [7-10] or control static and dynamic
posture [9, 11].

There is no clear consensus regarding the key aspects
of KT application methodology, such as the percentage
elongation to be used [5]. Notwithstanding Lim’s [5] re-
sults regarding percentage elongation, their review sug-
gests that the effect size for pain reduction was lower
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when the studies applied more tension and left the tape
in situ longer.

Consequently, KT applications cannot be reliably
reproduced. According to the analysis in published sys-
tematic reviews [12-16], studies into KT present either
low or very low methodological quality when assessed
using the Grading of Recommendations Assessment,
Development and Evaluation system (GRADE) adopted
by the Cochrane Collaboration; as a result, there is cur-
rently no clinically significant evidence to support the
use of KT as a therapeutic tool [17]. GRADE method-
ology is not a definitive fixed guide but rather provides
suggestions regarding how to approach the literature,
developing an optimal system of rating quality of evi-
dence and strength of recommendations for clinical
practice guidelines [18].

Even though extensive effort has been invested in evalu-
ating the efficacy of KT, there is still a dearth of attempts
to collate the findings from individual studies to deter-
mine the effects of KT application on pain and disability
and, if these effects are found, their magnitude [5].

It is necessary to define standardized methodo-
logical criteria so to that effects of KT can be demon-
strated. [19, 20].

Specific research studies, such as that by Pamuk and
Yucesoy [21] deem the application of KT to be effective.
Magnetic resonance (MR) imaging has been used to pro-
vide a reliable representation of tissue deformation, in-
cluding changes in the length of muscle fibers and the
direction of this change after the application of KT. The
lack of homogeneity in the deformation of muscle fibers
produced by KT strain indicates the occurrence of epi-
muscular myofascial force transmission. Accordingly,
changing the level of tension the KT applies to the skin
can transmit different levels of force directly to muscle
tissues, either to stimulate or inhibit. Pamuk and Yuce-
soy [21] produced a detailed evaluation of the local tis-
sue deformation occurring acutely under the mechanical
load imposed by the application of KT. Their results
show local tissue deformations produced by the effects
of KT application, confirming that KT also affects
non-targeted tissues and sustaining the role of a
neuro-mechanical coupling in the entire limb.

Although these studies show that kinesiology tape is
effective, the specific action mechanisms of KTs and
their real physiological effects remain unknown [19-21].

As a result, defining the methodological characteristics
of the application of kinesiology tape is deemed to be a
priority.

As they do not use an agreed methodology, positive
results in previous KT studies may be attributed to pla-
cebo effects, too [19].

Two studies have been published regarding the mech-
anical properties of KT [22, 23]. The first, by Fernandez
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Rodriguez et al. [22], included 11 tapes from 4 brands
which were analyzed and compared in terms of max-
imum percentage stretch, maximum force applied before
rupture, thickness, density and grammage. The authors
postulate that there are differences between the mechan-
ical properties of the various brands and colors of KT
but do so without completing a statistical analysis of
their results.

The second study, by Matheus et al. [23], found sig-
nificant differences between 50 specimens of KT (10
samples from 5 different brands or manufacturers), test-
ing the maximum strain, maximum deformation, max-
imum load, and rigidity using an EMIC universal testing
machine (model DL 10.000). They also found significant
differences in adherence force when removing KT speci-
mens from a metal plate.

There are no studies into the characteristics of KT, its
mechanical properties, maximum adherence force and
work done when removing it from skin in dry, wet, or
sweaty state (the state of the skin will affect the tape’s
adherence) which follow ISO international standard test
methods for bandage stretching [24]. Following standard
test methodology is necessary to enable KT applications
to be reproduced.

The reproducibility of the effect of KTs is crucial in
clinical settings. It is possible that the effect the applica-
tion produces on the tissues may differ depending on
the mechanical properties of each tape. Perhaps the ab-
sence of any effect from the application of KT reported
in previous studies is related to the characteristics of the
different KTs and the application time.

Consequently, to repeatedly obtain a certain level of
strain there would have to be no variation in the proper-
ties of the tape. The reproducibility of the effects of KT
has not been studied with sufficient rigor until now.

Our objective was to determine if KTs have different
characteristics and mechanical properties in terms of rup-
ture and adherence in dry state, wet state and after being
submerged in artificial acid sweat solution. The tapes
studied were grouped by color and brand to standardize
the KT applications. This analysis will facilitate the repro-
ducibility and standardization of KT application strain
through knowledge of the different elongation percentages
of each KT, thereby facilitating methodologically correct
tape applications to achieve reproducible effects and so
determine the limitations of KT.

Methods

Specimens

The characteristics and mechanical rupture properties,
as well as the adherence properties of 380 specimens
from 19 brands of KT were analyzed. Rolls of tape in
four different colors (reference 1: blue; reference 2:
black; reference 3: beige; reference 4: red) from each
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brand were tested. All the KTs were new, unused and
unopened.

Study design

A Z005 dynamometer (Zwick Roell, Ulm, Germany)
(Fig. 1), controlled by the V10.11 ZwickTestXpert soft-
ware, was used for the mechanical testing. Before begin-
ning each test, the dynamometer software requested the
grammage of each specimen to adjust the preload. A 5
cm? sample of each KT was used for this purpose. The
ISO standard practice for atmosphere conditioning and
physical testing of textiles [24] was followed, as was the
ISO standard practice for preconditioning and condi-
tioning the tests [25].

ISO standard testing practice [26] specifies a reli-
able procedure to determine the maximum force and
elongation at maximum force of textiles using the
strip method.

Following ISO standard testing practice [24], the speci-
mens were 300 mm in length and 50 mm in width. They
were stretched at a constant rate of extension until rup-
ture occurred. The mean value of the data obtained was
calculated.

The characteristics tested were: the elongation under
which the tape adhered to the backing paper or
pre-elongation capacity, and grammage (weight in g / cm?).

The mechanical properties tested were: maximum
force (N or Kg); tenacity (kg / mm?); work (kg / mm);
elongation without paper (%).

To evaluate the adherence force and the work done to
remove the KT from skin, pieces of untanned sheepskin,
50-mm wide by 80-mm long, were included in the test.
50 mm of one end of the KT sample were stuck to the
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Fig. 1 Dynamometer Zwick/Roell. model Z005 (UIm. Germany)
during the strain test of one black tape. The appearance of white

marks in the tape indicates its immediate breakage
(.
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piece of skin at 0% elongation leaving 30 mm of skin at
one end of the piece uncovered.

Subsequently, to carry out the adherence test in dry
state, 20 mm of the uncovered skin was secured in the
lower dynamometer clamp, leaving 10 mm of uncovered
skin between the clamp and the KT. The backing paper
was removed from the KT and, at 0% elongation, the
end of the tape not adhered to the skin was secured in
the upper clamp while leaving 40 mm of tape between
the skin piece and the upper clamp. The distance be-
tween the clamps was 100 mm (Fig. 2).

The KT was preloaded by stretching it without remov-
ing it from the skin until +2 N of strain were reached.
From this moment, the dynamometer began to separate
the clamps, stretching the test piece until it came away
from the skin.

Fig. 2 Dynamometer Zwick/Roell. model Z005 (Ulm. Germany) during
the adherence test of one red tape. The tape is adhered on a piece of

untanned sheepskin
(.
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To carry out the tests in wet state, water quality parame-
ters for Grade 3 water were used, in accordance with ISO
specifications for water for analytical laboratory use [27].
The water was poured into a suitable, clean, airtight vessel.
Having previously stabilized the adherence force, the skin
samples with attached KT were submerged in the solution
for 10 min. After this time had lapsed the previously de-
scribed dynamometer methodology for testing the dry
samples was repeated with the wet samples.

To carry out the tests with artificial acidic sweat, the
formula for artificial acidic sweat defined in the relevant
UNE standard [28] was used. Having previously stabi-
lized the adherence force, the samples were submerged
for 10 min in said solution. After this time, the previ-
ously described dynamometer methodology was re-
peated for these samples.

Components extracted from 7 black-color specimens
were also analyzed by gas chromatography—mass spec-
trometry (GC-MS). An Agilent 5973 N mass spectrom-
eter with a low resolution quadrupole analyzer was used,
with an Agilent 6890 N gas chromatograph for capillary
columns (split/splitless, pulsed split and pulsed splitless)
and GC-MS interface. An Agilent 7683 Automatic Li-
quid Sampler and a large NIST spectroscopy database
were also used. Four equally-sized pieces were cut from
each of the different KTs and placed in 15 ml of dichlo-
romethane. The solution was agitated for 1 h at room
temperature. 1 ml of the solution was filtered and
injected into the chromatograph.

Statistical analysis

The data were analyzed using the SPSS Statistics 20 program
(IBM, Spanish version). The distribution of the data was
evaluated using the Kolmogorov-Smirnov test. We also pre-
pared descriptive statistics for each variable (mean + stand-
ard deviation). One-way (between the subjects) ANOVA
was used for the mean differences test. The significant differ-
ences were investigated further using pairwise comparisons
to control inflation of type I errors, specifically the Tukey
tests. Before the analyses were carried out, the parametric
assumptions such as approximate normality and homogen-
eity of variances, and these detection analyses, were consid-
ered not to present any impediment to the use of ANOVA.
The alpha value = 0.05 was used as the significance level and
the confidence interval for the mean value was 95%.

Results

Rupture

Grouped by brand

The mean values, standard deviations, and differences in
the grammage of the specimens are presented in Table 1,
grouped by brand. Brand was found to have a statistically
significant effect based on grammage (F = 13.56; P <.001).
The grammage ranged from 179.1 to 230.5g / m”.
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Statistically significant differences were found in all tape
parameters grouped by brand: maximum force (F = 14.20;
P <.001), tenacity (F = 14.10; P <.001), work (F = 15.01; P
<.001), pre-elongation (F=10.05; P<.001), and percent-
age elongation (F=17.46; P<.001). The data are pre-
sented in Table 1.

Maximum force ranged from 12.3 to 26.0 kg, tenacity
from 0.246 to 0.520 kg / mm, work from 0.27 to 0.56 kg
/ mm, pre-elongation capacity from 4.4 to 10.9% and
percentage elongation from 36.9 to 68.5%.

Brand 8 demonstrated the greatest maximum force
and tenacity, demonstrating a statistically significant dif-
ference from the other brands.

Grouped by KT color
There were significant differences in grammage (F=
6.50; P <.001) between colors of KT.

Statistically significant differences were found between
the different colored tapes with regard to maximum
force (F=15.07; P<.001), tenacity (F=15.22; P<.001),
work (F =7.04; P<.05), and pre-elongation (F = 12.97; P
<.05). There was no significant difference in percentage
elongation (F = 1.14; P > .05).

Black KT demonstrated the lowest maximum force
capacity, tenacity and pre-elongation. Blue KT demon-
strated the greatest work capacity and the greatest
pre-elongation. The differences between the other col-
ored tapes were not statistically significant. Black KTs
had the highest grammage.

Chemical components of the adhesive

The results showed that the primary substances con-
tained in and common to all the KT tested were: Cyclo-
trisiloxane, hexamethyl; Cyclotrisiloxane, octamethyl;
Limonene/cyclohexanol and 1-hexanol. Subsequently, 58
substances were recovered which were contained in at
least one of the KTs studied.

Adherence in dry state
Grouped by brand
Statistically significant differences were found between
tape brands in terms of maximum force (F =55.85; P
<.001) and work (F =10.71; P <.001).

Maximum force ranged from 0.85 to 4.31 kg (95% CI:
2.11-2.29) and work from 0.11 to 0.60 kg / mm (95% CI:
0.14-0.17) (Table 2).

Grouped by KT color

A one-way ANOVA test showed no statistically significant
differences between the KTs grouped by color in terms of
maximum force (F=0.41; P>.05) or work (F=091;
P> .05). Blue KT demonstrated the greatest maximum
force and Tape 4 the least. Black KT demonstrated the
greatest work and Red KT the least (Table 3).



Page 5 of 12

153

(2019) 20

Selva et al. BMC Musculoskeletal Disorders

8L'c (0900099  '8°2'9'L SY09 0L'9'e 770 oL'8’s L£0 oL'8’s 68l 0L'L'9'S 00507 0C ueds  yseuesup  adey ABojoisauy Al
950) (L00) oL (€00) oL (88'1) AN (£99) B3.0Y I 0D
8LLL'8'E (L10) 09 L1=G 'L 6099  LL-G €'l 950  '8'L'S'E W0 '8L'S’'E 050  0L'9'¢’L 9/€eC 0T UInos  pauwRyy wode] g9 9l
euljeun] yum
(Tsy) L1-6 (¥00) (€00) (85°1) (c6T1) adey Abojoisaury
8l'e (€€°0) 029 1191 TIs9 L'9's el ¥S0 oL'8'e or0 oL'g'e 6661 09l zIsie oc ueds  dnoio D0 wUO-AB13u3 Sl
(Lot oL ©oLo) (¥00) (dopa) (€681) 2210y
8LlL'8'E SoVvsL  TL'oL'9 045 '£'9'S'E "L 050 0L'8'e 8€0 oL'g’s 1061 0L9's 9/'80C 0T ynos  Buideixary wX8L suods id
plv]]
“BUPIPA
oL @19 L1-6 (S00) ol (€00) oL w1 (Lol suods
8l'e 850) ¥69  '8'L9'L 0679 '£'9'5'c'l S50 '8L'S'E wo  8LS'E S80C 0L9'g ¥8/0C 0C VSN 13[)eNN ade] oI9lININ €l
3l 6l 7l (90 LL-6 ¥00) (€00 (3] 65%)
1'geT (€70) Y08 'LI-S €'l 6¥89 '£'9'S el €50 oL'8'e 6£0 oL'g’s vE6L 0191l 00%LZ 0T SspuepayiaN  adejolshy wode] aind 4!
9l vl 91 sl el (1901) 8L9L Sl (80°0) (¥00) (€0 (SLol)
TL9'e (170) L6 ‘01'9'C vIES el Tl oL or0 oL'g'e LE0 oL'8’s T8l 91'01'9'S 7990 0¢ vsn - adel 30y »2de] >0y Ll
6l ¥81) 6l-11 (€00) 6l-1L (€00) (00 6L-LL'6 (19 e3.0Y
8lL'c (@0) 089 ~L1'6'S—C 18l 68%C [TO0 89 L 870 6l-1L [Pl '8'LSY T 7798l 0C yinos xAwa| ,ode] Abojoisauly oL
91 sl el (l¥e)  8L'9L'SL (80°0) (¥00) (¢10) (9£21) Buide]. wbI0D
€ (Te0) L¥'s 019t 0Lvs el TLoL or0 8L '8'¢ 9€'0 8l 8L/1 0L9's 6//0C 0T vSN oIsauny X3 40IS2UIY] 6
9L vl 81-G1 '€l (£v's) (10) (10) (€e) (rsel) ade] ABojolsaury
TL9e Qo) vy TL9v'T ey 0L'L'9'E 6v0  spueiq ||y 750 spueiq ||y €09 0191 LES1T 0T ueds  dnoin D0 wUO-AB13u3 8
81-G1 ‘€l (6g)  61'8L 9l (€00) 61l (z00) 6l gl (1) Al (9£6) [euIbuO w[eUIBLO
8l'c SO ¥r9  TL9V'T o6y —CL'8'y GE0 9L'EL’s €0 9LEL'8 SLI9L ‘0L'9'E’L 0€7ce 0c Auewssn -ade]  -ade] dibojoisaury L
HWo
61~/ €0 6l (¥00) (€00) (o)) 6l-LL 0£¥1) adoing
818 (LLo)veL 'Sv'ET'L 069 —CL'8% T L€0 oL'8'e LE0 oL's orsl  '6'8's—¢ S06/1 07 Aueuus SNV #OAIR-Y] 9
L1l
ol (89€) 8l (€00) 613l (100) 6181 (t60) ‘cL'LL Ol (88%)
8l'e €0) 99  ‘zL'oL’9 orss  9l-tl 'y 860 9L'EL8 €0 9L'EL8 Il 691 SY0EC 0T WSN 2ul 'sownT o2del 1y S
oL 85/1) oL 8L0) (900) (243) (S£80)
8l'e (101)0S9  "8'29'1 6879 '£'9'S'e’l 150 oL'8'e LE0 oL'g 088l 0L9's 98907 0C Ajey 9120ISIA wodeloisury 14
61—/ (€66) 6l 00 6L-lL6 €00 6L LL (e 3l (9£00) [ed1paw
95Tl (r1)980L  TLOL9 vE9S Tl 8T 0£0 89V Tl ST0 '6'89'Y 0£7L 91'L'9'S 0CZ0z 0r  Auewssn NSd 3 2dRI09NS €
Lol (S21) (900) (€00) @) (90°9)
[4S (170) €66 '6'8'£9'1 0£'59 0L'9'c 90 8L'8's v€0 8L'8'c 80/l 0L'9'S'L seTic 0r  Auewen Buide]-y oade] 14
6178l gy adoing
81-Gl '€l (€06) 8l (L00) (00 (o) 9L'st Tl rsel) Buide]
gl'e (0£0)00L ‘TL'9%'C ever  9l-cl 'y 8€0 oL'8'e L£0 oL'8’s €8l '8'LS'T 18T6L 0T uspaMs adueleg wode] adueeg |
(;w/B)
() (%) (x) (%) () (Ww/By) () (Ww/By) (x) (6%) () SuieN pueig
SodUalayld Co_umaco_w -9ld SedUalajid COEm@CO_m S9ouUalajld YIOM  SeduULlajId b_umcwk S9OUaIaiJ 9210) Yead Sedualajig wo@,\cgm_@ u \A:CDOU jusled \mw_cmo__,tou 90Ual9)oy

(uoneinsp piepueis)
ueaw se passaidxa aie eieQ ‘spueiq 1oy sadey ayi JO eaiq 1e sauadoid [edjueyoaul JUDIRHIP dY3 JO SNsal pue abewwelb ‘uiblio Jo Aiunod Juaied ‘pueig/ssiuedwo)) | a|qeL



Page 6 of 12

(2019) 20:153

Selva et al. BMC Musculoskeletal Disorders

spueiq Ja430

2y} 01 saiadoid ul Juasayip Ajjednsiels sem puelq yoe3 ‘(50" > d 15es| 1e) siaquunu JuaIdip ayi 01 buipuodsaiiod spueiq a3y} pue puelq 1eyl UddMISF SIDUIRYIP JuedLIUBIS dY) sa1ed1pul uwn|od siy] (x)

(66) (800) ol (S0°0) 0l (£50) (ce6l) €3.10)

€ (¢1'0) 956 zL'oLo €095 0L'29'¢ 6%0 8'1'G'E (449 8'7'S'E €6'0C 0L'9'l 6680¢ 0C Yyinos  1usted oN ouleu puelq oN 6l

/1=l 0l (80°£1) LL-6 (870) ol'6 (Lz0) oL'6 (c60l) (€1'28) wBSeIeS
oL L€'l (Szo)o0e  '8'2'9°L 1ze9 '£'9's'e’L S0 '8',4'5't'C Y0 '8°L'S'€T S8z 0L'9'e’l 0s6lT 0 ueder eseles  ade] ABojoisaury 8l

0l (ces1) (L1o) (€00) (69'1) 9l (£8'11) eujjewun , euesy

(;w/b)

() (%) () (%) () (Ww/By) () (Ww/By) () (@) () SuleN pueig

S9OUBIRYIQ  UONRBUOS -3ld S2dUIRYIQ  uonebuo|g  sedulRyig SOM  SPOUIRYIJ  AIDRUD|  SIDUBISYIQ 90104 Medd  SeduRYIg Sbewiwers U A1nunod Juaieq /saluedwiod)  dUI)RY

(panuiuo)) (UoneIASP piepuelS)

ueaw se passaidxa aie eleQ ‘spueiq 1oy sadey ayi Jo 3eaiq 1e sauadoid [edjueyoaul JUDIHIP dY3 JO s3Nsal pue sbewwelb ‘uiblio Jo Aiunod Jusied ‘pueig/ssiuedwo)) | ajqeL



Page 7 of 12

(2019) 20:153

Selva et al. BMC Musculoskeletal Disorders

UOIRIASP piepuelS gS

l00 100 L00 100 60 €10 SO0 00 €00 100 100 100 (90 0£0 LLO  S¥O 810 100 SO0 0L0 0L1 S80 ¥T0  vEl 6l
L00 100 LO0 100 vT0  TL0 ¥00 /L0 L00 100 00 100 €50 610 600  OF0 yL0  LLO 100 7LO vl €L Lo 9gL 8l
l00 100 L00 100 760 ¥10 900 170 100 100 100 100 750 950 SO0 SK0 10 LL0 100 €10 IS1 1Tl 600 LYl 7l
700 100 LO0 100 8Y0 €0 Y00 650 700 100 100 100 780 ¥S0 £[00 890 SY0 L1000  €T0 891 1Sl ¥00 85l 9l
700 L00 L00 100 S80 070 ¥Z0  6¥0 900 L0000 700 ZUL 60 0L0  S60 090 9L0 LLO SZ0 80¢ /8L OK0 95T Sl
€00 100 L0000 S90 8£0 800 LSO 800 00 00 €00 7€l S90 070 660 S0 SI0 €00 8L0 6l 9T 0£0  S8T vl
€00 100 LO0 100 90 1T0 SO0 870 L00 100 100  #00 (80 ¥EO SLO  #90 vZ0  ¥L0 €00 910 887 V8l [TO ¥ET €l
00 100 200 €00 060 870 LLO  S¥O 600 100 100  ¥00 0L 1¥0 610 990 90 ¥10 ¥00 ¢C0 18T 00T ST0  95¢ 4l
700 100 L00 100 980 €40 SLO €90 €10 100 £00 900 WL 0/0 LTO0 660 80 SO0 900 910 v87 S6L 8T0  PET Ll
100 100 00 100 180 6£0 L0 S0 900 100 T00 €00 060 SE0 8L0  S90 910 00 €00 TLO oTE VT TE0 69T oL
v00 100 100 100 [90 LE0 LLO V0 LI0 100 €00 %00 7'l S¥0 80 790 9€0 00 800 7C0 €  0£T STO 6% 6
L00 100 LO00 10D (0L Y0 0T0 990 SO0 L00 L00  ¢00 9L ¥90 €0 1Ol 90 SO0 S00  ¥LO 9T Tl 9T0 10T 8
l00 100 00 100 10 680 0L0 TS0 100 100 100 100 Ol'L 780 800 001 610 00 900 €10 S61 €51 Tl0 €1 L
€00 100 LOO 10D YO 670 Y00 950 (00 100 00 100 ¥80 6¥0 LL0 /90 100 100 100 100 (0T TTL €20 79l 9
700 100 LO0 100 vl  TC0 050 960 0I0 L00 €00 +00 86l €0 9¥0 0Tl %0 %00 L0 610 € 197 S50 €S°€ S
L00 100 LO0 10D (91 ¥EO0 Y0 001 LLO 100 200 SO0 €T 990 950 Tl 7€0 800 800 6L0 697 L6l 0C0  TET v
900 100 L00 €00 6/0 /[¥0 0L0 190 910 100 Y00 900 (91 S60 vTO €€l 9€0  ¥00 TLO 910 vTE LT ¥TO 68T €
l00 100 00 100 90l 1S0 070 690 100 100 100 100 71T €60 vE0 671 100 100 100 100 T TEL YT0 L) z
SO0 LO0 LO0 €00 Wl 9¥0 /Z0  $90 S0 T00 €00 /00 0Lz 680 v€0  8El vZ0 700 L00  ¥LO 80¢  9YL 640 plT L

1solealt) 1seo dS ues|y 1solealn) 1seoT dS ues|\ 1Solealty 1sedT dS Ues|\ 1Solealf) 1Sk dS ues|N 1solealn) 1sedT dS ueog|\ 1sSolealt) 1sedT] dS US| 9dUol9)aYy

(ww/63) oM (63) 20104 >yead (Wiwu/B) o (63) 20104 >yead (wiw/Bx) oM (6%) 22104 ead

uonn|os uonelidsiad [edyiue Yum adudiaypy

91815 19M Ul 3dUIRYPY

91e15 AIp Ul 9duUIaypy

(UoneIASP plepurls) Uesw Se Passaldxe
2le p1e "BUSa] YIOM puUe 3210} yead "UoiNn|os uonelidsiad [eidyie Ylm aoU2JaYpy PUR 21B1S 19M Ul 9DUIBYPY "21e1s AIp Ul 9duJaypy “puelq Ag padnolb acuaiajey g sjqel



Page 8 of 12

(2019) 20:153

Selva et al. BMC Musculoskeletal Disorders

UOIIRIASP piepuelS gS

£L00 LOO 100 100 (9L ¢l'0 0€0  SSO 910 100 €00 <00 el'c 00 9¢0 €80 8¢0 L00 800 ¥lO ere 980 ¢90 cl'c P9y
S00 LO0 100 100 78l €l0 €0 950 L1'0 100 €00 €00 cl'ec 610 S¥O0 160 €0 100 800  SLO €Ly 1L 990 €rc 9bieg
900 100 100 100 vl €10 SC0 9¥0 Gl'0 100 ¢00 €00 86'L €0 0Ov0 160 090 100 0l0 910 9y €0l 990 €T APEg
S00 100 100 100 /AN 4 VR YA VR 140 €0 100 ¢00 €00 Ol'c 9¢0 €€0 980 S¥0 100 600 910 ey Sl 10 € =nig
1591L2l0)  1Se97  (JS  UeSpy  1s91ealD  1seS (S UeS|y  1s91ealD)  1seS (S UBS)\  1s91eSlD  1SeS (S UeS|\  1s9leslD  1seS (S Ues|y  1selesln 1ses (S Ues|y  10joD

(Wwu/6x) oM

(6%) 92104 3e3d

(Ww/6x) S0

(63) 22104 >ead

(Wiw/Bx) SO

(BY)) 92104 Yead

uonN|os uonelidsiad [eduile Yim aouaiaypy

2115 19M U] dUIBYPY

31e15 AIp Ul 9dUaIaypy

(UOREBIASP piepuels) UeaL se passaldxa ale
e "BUIISS) HIOM pue 9210} Yead "Uonnjos uonelidsiad [epyie Yim adUaIaypy pue 21eis 1M Ul adUSIaypy 91els AIp Ul 8dualaypy "1ojod 1Y Aq padnolb aousiajpy € ajqel



Selva et al. BMC Musculoskeletal Disorders (2019) 20:153

Adherence in wet state
Grouped by brand
Statistically significant differences were found between
the KT brands in terms of maximum force (F = 25.61; P
<.001) and work (F =7.71; P <.001).

Maximum force ranged from 0.19 to 2.13 kg (95% CI:
0.83-0.93) and work from 0.025 to 0.168 kg / mm (95%
CL: 0.029-0.037) (Table 2).

Grouped by KT color

A one-way ANOVA test showed no statistically signifi-
cant differences between the KTs grouped by color in
terms of maximum force (F = 0.56; P> .05) or work (F =
0.71; P>.05). Red KT demonstrated the greatest max-
imum force and Beige KT the least. Red KT demon-
strated the greatest work and Beige KT the least
(Table 3).

Adherence with artificial perspiration solution
Grouped by brand
Statistically significant differences were found between
the KT brands in terms of maximum force (F = 15.39; P
<.001) and work (F = 12.04; P <.001).

Maximum force ranged from 0.12 to 1.84 kg (95% CI:
0.48-0.55) and work from 0.001 to 0.718 kg (95% CI:
0.001-0.015) (Table 2).

Grouped by KT color

A one-way ANOVA test showed no statistically signifi-
cant differences between the KTs grouped by color in
terms of maximum force (F = 1.51; P> .05) or work (F =
1.08; P >.05). Beige KT demonstrated the greatest max-
imum force and Blue KT and Red KT the least. Red KT
demonstrated the greatest work and Beige KT the least
(Table 3).

Discussion

The objective of this study was to define the characteris-
tics, and mechanical rupture and adherence properties
of a wide variety of KT specimens. In this way, we at-
tempt to respond to the need to define standardized and
reproducible application criteria so that the effects of
KTs can be specified.

In the previous studies we analyzed, the values de-
scribed for the maximum elongation, expressed as a per-
centage of the specimen’s initial elongation, ranged from
20 to 40% [20, 29-31] or 55-60% [32] to 120-140% [1,
33-37], 140-150% [38] and 250 to 400% [23]. None of
the 380 specimens tested reached an elongation of 100%
of their initial length (600 mm) before rupture.

The two previous studies [22, 23] found differences be-
tween their specimens, and [23] found significant differ-
ences between the KT brands tested. This study revealed
considerable variation between the different brands and
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colors of KT in terms of maximum force, tenacity, work,
pre-elongation and percentage elongation y grammage
(Table 1). Following the standard testing methodology, the
grammage of each specimen must be taken and a pre-load
must be carried out before each test. The previous study
which used a dynamometer [23] does not mention this in-
formation and consequently the method used to extract
the data remains unknown. This makes it impossible to
reproduce the research and could lead to the generation
of further conflicting results.

Untanned sheepskin was used to ensure that the ad-
herence test was as reliable as possible and its results
were applicable to clinical practice. The maximum ad-
herence force and work done when removing the tape
from the skin in dry state was very high, lower when the
skin had been submerged in an aqueous solution, and
even lower when it had been submerged in an artificial
acidic sweat solution (Tables 2 and 3). Study [23] ob-
tained far lower values using a metal plate.

Taking the maximum elongation of 4 KT specimens
(Fig. 3) as a reference, they can be seen to be at different
deformation points. Tape 4 will generate lower levels of
strain because 30% elongation is within the material’s
elastic deformation range and its flexibility means it will
stretch considerably without limiting body movements.
At its maximum elongation (point of rupture) the tape
has lower energy absorption potential as it is in the
plastic-elastic region of the stress-strain curve, tenacity
is lower and, consequently, the work or total area under
the curve is very large (Fig. 3). This reasoning can be
considered fundamental and demonstrates that the ten-
sion produced by different tapes does vary.

We concur with Pamuk and Yucesoy [21] that the ap-
plication of KT produces effects and that different appli-
cations cause different effects, but in order to specify
said effects the same mechanical response must be
achieved using an optimum, specific and reproducible
level of tension. Achieving said mechanical response
may require different elongations in different KTs. To
this end the characteristics and properties of the KT
used must be specified in addition to its maximum ad-
herence force. It is also necessary to know the elong-
ation reference used, the work done when removing the
tape from the skin, the skin conditions, and the elong-
ation of the skin to be bandaged to produce the same
tension in each patient to produce the same effect (P
<.05) without exceeding the elastic elongation of the KT
both at the point of application and once the movement
to be trialed has been completed.

This would facilitate the objective discovery of the dif-
ferent action mechanisms of KTs which could affect
clinical results, as Gonzalez-Iglesias et al. [39] believe.

In their literature review Morris et al. [14] only in-
cluded KT studies which used the Kinesio® Tex brand.
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Fig. 3 Tape 1: Strain of a beige tape (reference [10]) until breakage. Maximum elongation is 33-37%. requiring 16 to 18 kg of strength to
breakage. Tape 2: Strain of a red tape (reference [9]) until breakage. Maximum elongation is 37-45%. requiring 16 to 17 kg of strength to
breakage. Tape 3: Strain of a blue tape (reference [11]) until breakage. Maximum elongation is 60-63%. requiring 21 to 22 kg of strength to
breakage. Tape 4: Strain of a black tape (reference [4]) until breakage. Maximum elongation is 94-99%. requiring 23 to 24 kg of strength to
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This exclusivity was to improve the accuracy of their
conclusions, as they believed other brands of KT used in
clinical practice were different.

It remains to be shown whether the variability in the
tension and adherence of KTs changes the effect they
produce during their application even when the same
application metholodolgy is used for different tapes.

Our results suggest that the basic concepts of KT ap-
plication are not yet complete and that studies which
tried to determine the effects of KT are not reproducible.
This may explain the disparity in the results obtained by
different studies investigating the effects of KT. Accord-
ing to Lim’s review [5], there are studies that did not re-
port the amount of stress applied while others did not
report the length of each tape used in situ.

This study is limited by testing using a uniform
strain and a constant velocity. Moreover, there may
be a certain degree of variability between the KTs and
the different brands due to them coming from differ-
ent production lots.

Conclusions

The KT specimens studied had the same structure but
different chemical compositions, characteristics and
mechanical properties.

The different KTs presented different behaviors with
regard to rupture and removal when applied to skin in
dry state, wet state and after being submerged in artifi-
cial acidic sweat solution.

If the elongation limits of each KT are unknown, many
of them will produce different levels of strain even
though the same elongation is used.

The absence of these data limits the reproducibility
and the reliability of clinical studies using KT. Clinical
studies should specify the reference used (tape length or
tape elongation) to define the percentage elongation
employed, something which has not been specified in
studies to date.

In order for future clinical studies to be standardized
and reproducible, the physiotherapist must achieve the
same effect with each KT application, taking into account
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the reaction of its mechanical rupture and adherence
properties, as well as the stretching of the skin to be
bandaged.

Depending on the characteristics (body dimensions)
and properties (skin elongation) of each subject in the
sample, bandages with different elongations must be ap-
plied to achieve the same strain in all of them and there-
fore produce the same effect.

Adapting the analysis offered by MRI, the dynamom-
eter and other devices for the study of KT would
facilitate the definition of protocols to carry out
highly-important studies to promote understanding of
the specific mechanisms of action of KTs, their real
physiological effects and the possible clinical and sport-
ing outcomes of their use.
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