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Abstract. [Purpose] Taping is often performed to prevent injury and injury recurrence. However, it is unclear
how taping affects landing and jumping kinematics in patients undergoing anterior cruciate ligament reconstruc-
tion. Therefore, this study aimed to determine the kinematic effects caused by taping during single-leg vertical
jumps in patients with anterior cruciate ligament reconstruction. [Participants and Methods] Ten young patients
who underwent anterior cruciate ligament reconstruction were included. The maximum knee joint flexion angle,
peak value of the vertical component of the floor reaction force, maximum knee joint eversion angle, and jumping
height during a single-leg vertical jump were measured using a three-dimensional motion analyzer and compared
among the following three groups: without taping, with protective taping using elastic tape, and with protective
taping using non-elastic tape. [Results] There were no significant differences in the peak value of the vertical com-
ponent of the floor reaction force or the maximum knee joint flexion angle among the three groups. The maximum
knee joint eversion angle and jumping height were significantly lower in the elastic tape and non-elastic tape groups
than in the non-taping group. [Conclusion] Anterior cruciate ligament taping does not affect the magnitude of the
impact on the body and can decrease knee joint eversion. However, jumping height was lower in the two taping
groups than in the no-taping group. There were no significant differences in the items studied between the two tap-
ing groups.
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INTRODUCTION

Anterior cruciate ligament (ACL) injuries occur in 91% of cases during sports!); 72% of these injuries are noncontact
injuries?, which are more likely to occur during rapid deceleration movements such as landing®. Reconstruction with an
autologous tendon graft is the first choice of treatment to improve knee joint stability and prevent secondary cartilage or
meniscus damage*®. However, ACL injuries have a very high recurrence rate, with 15-35% of reconstructive patients
reported reinjury to their ACLs” ®. The landing biomechanics of ACL reconstruction patients, when compared to those of
normal individuals and normal limbs, result in a smaller knee flexion angle, a landing with a greater vertical floor reaction
force component, and greater knee joint eversion®'!). These findings are consistent with the risk factors for ACL injury!2-14);
moreover, changing landing kinematics are emphasized as kinematic risk factors for reinjury.

After ACL reconstruction surgery, taping may be applied to enable early return to sports and prevent reinjury. Previ-
ous studies show that taping is effective in reducing antero-posterior tibial translation and knee joint eversion in cadaveric
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models'®, and that the angle of knee joint eversion is reduced during side stepping in healthy individuals'®. However, the
effect of taping on the kinematic risk factors for ACL injury in ACL-reconstructed patients is unclear. As mentioned earlier,
ACL-injured patients have different landing biomechanics than healthy individuals and the healthy limb, so to determine
the risk-reducing effect of taping on landing, it is necessary to validate it in ACL-injured patients. Furthermore, although
previous studies have reported that taping to the ankle joint decreased jumping distance!”), since the knee joint contributes
significantly to landing and jumping!'® '), it is conceivable that restricting knee joint motion by taping would affect landing
and jumping performance, but we have found no studies on this topic.

An index that can evaluate both landing and jumping is Single Leg Vertical Jump. This involves falling from a standing
position on a platform and performing a vertical jump with maximum effort immediately after landing on one leg!®. This
assessment is often used as a return-to-sport criterion for patients with ACL injuries'?). Single Leg Vertical Jump has evalu-
ated the biomechanics of landing?® 2D and jumping height!® 22 for patients with ACL injuries, but kinematic changes due to
taping have not been tested.

Common tapes used for taping include nonelastic tapes and elastic tapes (that can be stretched by approximately 30%).
Nonelastic tape restricts joint movement, increases proprioceptive feedback, and enhances stability?> 24, Elastic tapes stabi-
lize joints?> 29 and are effective in reducing pain and improving physical function?”. Different types of tape have different
characteristics, but the kinematic effects of different types of tape on ACL reconstruction recipients are unclear.

We hypothesized that ACL protection taping would decrease the kinematic risk among ACL-reconstructed patients, but
decrease the jumping height. We also postulate that this was more likely to occur with nonelastic tape than with elastic tape.

PARTICIPANTS AND METHODS

Ten ACL-reconstructed patients (7 women and 3 men, mean age 21.3 + 2.6 years, mean height 168.4 + 4.4 cm, mean
weight 68.1 + 10.8 kg) participated in the study. The selection criteria for the participants were patients who had undergone
reconstructive surgery for a non-contact ACL injury during sports, were allowed by their physicians to return to sports, and
could provide free and voluntary consent to participate in the study. The exclusion criteria were a previous diagnosis of a
serious orthopedic or central nervous system disorder other than ACL injury or the presence of lower extremity pain. The two
most common reconstructive procedures for ACL injuries, autologous hamstring tendon grafting and bony patellar tendon
grafting, have been reported?$ 39 with similar postoperative outcomes, but different rates of pain and knee flexion muscle
strength3!. Therefore, only patients who underwent reconstruction with autologous hamstring tendon grafts were included
to control for these conditions. All participants were informed in writing and orally about the participant’s protection and
priority of rights, freedom to participate or discontinue, and the content of the study under the Declaration of Helsinki.
Informed consent was obtained from each participant. The Research Ethics Review Committee of Sendai Seiyo Gakuin
College approved this study (approval number: 0504).

A three-dimensional motion analyzer (Vicon Motion Systems, Oxford, UK) consisting of ten infrared cameras and two
floor reaction force gauges (Kistler, Winterthur, Switzerland) was used to measure the participant’s movements. The sam-
pling frequency was set at 100 Hz for both the infrared camera and floor reaction force meter. The three-dimensional motion
analyzer was synchronized with floor reaction force transducers. VICON NEXUS ver. 2.8.2 (Oxford, UK) was used as
measurement software.

Kinematic data were obtained by affixing 14-mm-diameter infrared reflective markers to various parts of the participant’s
body and photographing the markers’ coordinate 10 infrared cameras. The positions of the infrared reflective markers were
as follows: top of the head, right and left temporal heads, spinous process of the 7th cervical vertebra, spinous process of the
8th thoracic vertebra, sternocervical cut scar, sternocleidomastoid process, right and left acromion, right and left humerus
lateral epicondyle, right and left radial stapes, right and left superior anterior iliac spine, right and left superior posterior iliac
spine, right and left hip joint, medial front surface of the right and left thigh, medial front surface of the right and left lower
thigh, right and left exocarp, right and left endocarp, right and left heel, right and left 1st midfoot bone, right and left Sth
midfoot bone. In addition, two sets of three nonidentical linear three-point markers were affixed to the outer portions of the
thigh and lower leg, which were not covered by taping, resulting in a total of 39 markers. The hip joint was also affixed to a
point 1/3 of the distance from the bottom of the greater trochanter reappearance on the line connecting the greater trochanter
reappearance and the superior anterior iliac spine.

The Single Leg Vertical Jump was carried out from a 30 cm step. The participant was asked to drop from the step with the
operated lower limb and on hitting the ground, immediately jump as high as possible while spending as little time as possible
on the force plate. The participant was instructed to keep their hands on their hips during the task. The task was performed
under three conditions: without protective taping, taping with elastic tape (Nitreat, Tokyo, Japan), and taping with non-elastic
tape (Nitreat, Tokyo, Japan). The order in which these three conditions were performed was random. Several practice trials
were conducted to enable the participants to perform the vertical jumps in the correct fashion. Subsequent trials were repeated
until data from 5 successful trials were achieved. Trials that were able to remain in place for 3 seconds after landing were
considered successful, and trials that lost balance were excluded.

Standard ACL protection taping procedures were performed by a licensed and experienced physical therapist who was
a certified athletic trainer based on the Japan Sports Association Certified Athletic Trainer’s Handbook??. The participants’
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skin was shaved and washed before taping, and taping was applied after ensuring that the skin was sufficiently dry. The par-
ticipant placed the lower leg on the ACL reconstruction side forward, a 3-cm platform under the heel, a weight on the foreleg,
and tensed the muscles around the knee joint with the knee in mild flexion. The taping was performed in the following order:
anchor, anterior support, medial longitudinal support, medial X support, spiral tape, split tape, and anchor.

The maximum knee joint flexion angle, the maximum value of the vertical component of the floor reaction force, the
maximum knee joint eversion angle, and the jumping height were measured for the single leg vertical jump under three
conditions: without taping, taping with elastic tape, and taping with non-elastic tape. The maximum knee joint flexion angle,
the maximum vertical component of floor reaction force, and the maximum knee joint eversion angle were extracted from
the maximum values at the time of landing in the single leg vertical jump. The jumping height was calculated by subtracting
the height of the center of gravity in the stationary standing position from the maximum height of the center of gravity during
jumping. For later statistical analysis, these outcomes were averaged over five successful trials. The significance level for all
statistical analyses was set at p<0.05. SPSS Statistics 22 (SPSS Japan Inc., Tokyo, Japan) was used as the statistical software.
Each outcome was confirmed to follow a normal distribution using the Shapiro—Wilk test, and repeated measures analysis of
variance and Tukey’s post-hoc test was performed.

RESULTS

The maximum knee joint flexion angle and maximum vertical component of the floor reaction force were not significantly
different among the three groups. The knee joint eversion angle was significantly lower in the elastic tape and nonelastic tape
groups than in the non-taping group (Table 1). There were no differences in outcomes between the two taping techniques.

DISCUSSION

The purpose of this study was to evaluate the effect of protective taping on ACL-reconstructed patients. The results
showed that ACL protective taping did not change the knee flexion angle or the vertical component of floor reaction force
during single leg vertical jump, but it significantly reduced the knee eversion angle. This indicates that ACL protection taping
can suppress the knee joint eversion angle at landing, which is a risk factor for ACL injury, without increasing the impact on
the body. These results support the hypothesis and are consistent with previous studies in healthy individuals'®. This study
demonstrates that taping is effective in reducing the risk of landing in patients with ACL injuries.

To determine the effect of taping on athletic performance, we also measured jump height'?, which is appropriate for
assessing knee function among ACL-reconstructed patients. The results revealed that jumping height was decreased by
taping, which may have caused a decrease in athletic performance. Patients with ACL injuries may need to sacrifice some
performance in exchange for reduced risk on landing by applying ACL protective taping.

There were no statistically significant differences in the joint angle, vertical component of the floor reaction force, or
jumping height between the two types of tape (elastic and nonelastic), and we did not detect any difference in effectiveness
between the two types of tape. This result contradicted our hypotheses. We believe that the tape-wrapping method and the
degree of stretch used to wrap the elastic tape contributed to this result. There are various methods of wrapping the tape, and it
is conceivable that the effect on joint braking power and athletic performance may differ depending on the wrapping method
and the degree of tension used when applying the tape.

This study has several limitations. First, we cannot measure strain differences directly against the ACL, which is respon-
sible for 63—77% of the tibial anterior shear force braking®?, but we do not know how well taping reduces tibial anterior shear
forces in vivo. In cadaveric models, previous studies have shown that taping can reduce tibial anterior shear forces'>. A factor
significantly involved in increasing tibial anterior shear force is the tension of the quadriceps muscle attached to the proximal
anterior surface of the tibia, and it has been reported that activity at shallow knee flexion angles significantly increases ACL
strain'?, but no decrease in knee flexion angle was observed with taping in the present study. In addition, although this study
used jump height as a measure of exercise performance for ACL-reconstructed patients, other measures should be considered

Table 1. Difference in Single Leg Vertical Jump with and without taping and type of taping

Without taping Elastic tape Nonelastic tape Tukey HSD
Maximum knee joint flexion angle (°) 63.87 +4.80 62.84 £ 8.96 62.94 + 6.38
Maximum floor reaction force vertical component 22.74 £4.99 22.08 £4.80 22.23+4.15
(N/BW)
Maximum knee joint eversion angle* (°) 7.05 +1.97 538+ 1.85 4.04 £2.58 W>E, N
Jumping height* (m) 0.25+0.03 0.23+0.03 0.21 £0.04 W>E, N

Values are mean = SD, n=10. *p<0.05.
HSD: honestly significant difference; W: without taping; E: elastic tape; N: nonelastic tape; SD: standard deviation.
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and discussed. The effects of ACL protective taping on functional movement have not yet been fully investigated, and there
is room for further research.

In conclusion, in terms of preventing ACL reinjury, ACL protective taping can reduce knee joint eversion. On the other
hand, jumping height is reduced, which may decrease athletic performance. No kinematic differences were found between
the types of tape used for taping.
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