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Abstract. [Purpose] The purpose of the present study was to examine the immediate effects of simultaneous ap-
plication of proprioceptive neuromuscular facilitation (PNF) and elastic taping (T), and the removal of the elastic 
tape, on the gait parameters of stroke patients. [Subjects and Methods] Twenty stroke patients were divided into 
a proprioceptive neuromuscular facilitation group (PNFG, n=7), a taping group (TG, n=6), and a proprioceptive 
neuromuscular facilitation with taping group (PNFTG, n=7). Relevant interventions were applied for 30 minutes, 
the tape was removed, and gait parameters were evaluated. [Results] Only the intervention of the PNFTG yielded 
significant differences in patient cadence, speed, and stride length. [Conclusion] The simultaneous application of 
PNF and taping for 30 minutes has carryover effects that can improve stroke patients’ gait ability, even after the 
removal of the tape.
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INTRODUCTION

In stroke patients, the gait pattern is asymmetric and their gait speed is reduced1, 2). Increased gait speed in stroke patients 
leads to better function and quality of life3). Since the rehabilitation of stroke patients has primarily focused on the improve-
ment and maintenance of gait thus far4), physical therapists should consider developing new intervention methods that are 
required by patients and that can effectively improve the gait ability in a short period of time.

Taping5), electrotherapy6) and proprioceptive neuromuscular facilitation (PNF) methods7) have been applied to improve 
the immediate walking ability of stroke patients. Among these, taping around the knee joint has been reported to have an im-
mediate effect on improving the walking speed of stroke patients5). Although taping has the advantages of enabling protector 
education, because of its simple attaching methods, and allows for the cutting of the tape to fit the body, it also has problems 
extending its effects, as carry-over effects cannot be expected when the tape is removed after a single taping application8).

In addition, PNF is an intervention method that standardizes body and limb movements into patterns that can immediately 
improve stroke patients’ gait speed7). When combined with taping, its effects have not only improved gait speed but also 
balance ability9). However, previous studies conducted thus far have identified the improvement of gait speed after PNF 
application in acute stroke patients, but not in chronic stroke patients7), and even those studies that applied a combination of 
taping and PNF to chronic stroke patients and identified the improvement of gait ability9) had limitations in failed to eliminate 
interference from other treatments because the intervention was applied for four weeks.

The taping with compression applied to the cerebral palsy continued for twenty minutes after the taping was removed8). 
However, there is no study on the persistence of effects after removing taping from stroke patients.

Our study intends to examine stroke patients’ gait ability in order to identify the effects appearing after a single PNF 
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application, single taping application, and PNF combined with taping application and removal of the tape. Therefore, our 
study aimed to identify whether immediate improvement of gait ability appears after the taping intervention in stroke patients 
in whom PNF combined with taping is applied and the tape is removed thereafter, in order to examine the carry-over effects 
of the taping intervention.

SUBJECTS AND METHODS

The present study involved 20 hemiplegia patients in A rehabilitation hospital and B convalescent hospital located in 
Gyeonggi-do. The subjects were selected from among those who had been diagnosed with stroke at least six months earlier, 
who could independently walk at least 8 m, understand explanations about the study process was going to work, had the 
result of paretic side ankle dorsiflexor manual muscle testing not lower than fair, had 3 or above on the Brunnstrom recovery 
stage 3, had no orthopedic disease of the ankle, had not undergone ankle surgery, and had no cutaneous allergy. The present 
study was conducted entirely in accordance with the Declaration of Helsinki, and all the subjects voluntarily participated in 
the study after understanding the purpose and intent of the study and signing a written agreement.

The subjects were divided into three groups, a PNFG group (n=7), a taping group (TG, n=6) and a proprioceptive neuro-
muscular facilitation with kinesio taping group (PNFTG, n=7). The individuals in the PNFG comprised five males and two 
females, aged 57.29 ± 9.41 years, with a height of 164.71 ± 6.73 cm, weight of 66.43 ± 7.41 kg, and a time since stroke of 
24.86 ± 7.38 months. The individuals in the TG comprised four males and two females, aged 64.83 ± 15.22 years, with a 
height of 165.17 ± 11.23 cm, weight of 60.17 ± 12.89 kg, and a time since stroke of 25.00 ± 5.40 months. The individuals in 
the PNFTG comprised seven males, aged 51.71 ± 6.47 years, with a height of 171.29 ± 5.65 cm, weight of 71.43 ± 12.20 kg, 
and a time since stroke of 33.43 ± 9.14 months.

Gait parameter was measured using a BTS G-Walker (Bioengineering S.p.A., Milan, Italy). The parameters measured 
during subjects’ gaits were the cadence, speed, paretic side double support duration, and stride length. For the evaluation, 
a G-sensor was fixed to L5 of the subject, and the subject was directed to walk straight on an 8 m-long walkway located in 
front, at a comfortable pace10).

All the subjects rested for 10 minutes prior to the initial measurement, and the evaluation was conducted after applying 
PNF for 30 minutes in the case of the PNFG, after removing the tape following a rest for 30 minutes with the tape remaining 
attached in the case of the TG, and after removing the tape immediately after simultaneous application of taping and PNF 
for 30 minutes in the case of the PNFTG. All the study interventions were performed by an experienced physiotherapist who 
completed PNF level 1 and 2 courses.

The PNF was applied for 30 minutes with a combination of the sprinter pattern and skater pattern in a sitting position 
or half-standing position. The sprinter pattern consisted of alternating applications of flexion-adduction-external rotation 
of the non-paretic upper extremities, and flexion-abduction-internal rotation of the paretic lower extremities. The skater 
pattern consisted of alternating applications of extension-adduction-internal rotation of the non-paretic upper extremities, and 
extension-adduction-external rotation of the paretic lower extremities11).

The taping intervention was implemented using 5 cm-wide adhesive elastic tapes (Kinesiology 3NS Tape, TS Co., Ltd., 
Seoul, Korea). The tapes were attached to the quadriceps muscles12) and tibialis anterior muscle13) in the directions of the 
paretic side muscles. First, the tapes were cut based on the origins and insertion parts of the subjects’ muscles. Then, the 
cut lengths of the tapes were folded into four equal parts to remove one-fourth of the tapes, and the remaining three-fourth 
lengths of tapes were stretched back to fit the body lengths.

All the data were processed and analyzed using the statistical program SPSS 20.0 (Windows ver.; IBM Corp., Armonk, 
NY, USA). The general characteristics of the subjects were indicated with descriptive statistics. In the study group, Wilcoxon 
signed-rank tests compared the results obtained before and after the intervention, the Kruskal-Wallis test was used to compare 
differences among the three groups, and Mann-Whitney U tests were conducted in cases in which there were significant 
differences among the study groups after grouping the study groups into pairs (1-2, 2-3, 1-3). The significance level alpha 
(α) was 0.05.

RESULTS

According to the results of the study, there were no significant differences in gait parameters observed in the PNFG and the 
TG conditions (p>0.05). PNFTG increased significantly in cadence, speed, and paretic side stride length (p<0.05). However, 
there was no significant difference among the three groups (p>0.05) (Table 1).

DISCUSSION

The PNF applied to acute stroke patients were immediate effects on gait speed, and long-term intervention brought about 
a further increase in gait speed7). However, the PNF applied to chronic stroke patients hardly were immediate improvement7), 
and this was also the case with the PNFG in the present study. Although the application of spiral wound taping around chronic 
stroke patients’ knees were immediate effects on gait ability in a study, its results, where the effects were measured when the 
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tape was attached, cannot be directly compared with the results of the present study, where the effects were evaluated after 
removing the tape5). In a study in which body functions were checked after removing the tape, no carryover effect appeared 
when the tape was removed in healthy persons14), or cerebral palsy8) patients. In the present study as well, no significant 
difference appeared following removal of the tape in the TG.

However, when palmar pressure was applied to the thenar of cerebral palsy children simultaneously with tape, and the 
tape was removed thereafter, carryover effects appeared with respect to hand functions 20 minutes later8). The PNFTG in 
the present study also were significant increases in the subjects’ cadence and speed after removal of the tape. In a study of 
immediate effects of electric stimulation and exercise therapy on stroke patients, more significant differences appeared in 
10 m gait following the application of a combination of manual exercise and electric stimulation than following the single 
applications of manual exercise or electric stimulation, supporting the results of the present study6). Although PNF does 
not have any immediate effect on chronic stroke patients without natural functional recovery, the method that assisted and 
promoted movements with simultaneous application of taping seems to were immediate effects for the improvement of stroke 
patients’ gait speed. Because the reduction of gait speed of the stroke patients is represented by the weekness of the dorsi 
flexor2) and the knee flexor1), the muscles of the taping facilitation method attached to this study were tibialis anterior and 
quadriceps muscles. However, there was no difference in the double support duration of the paretic side in this study. The 
decrease in walking speed of patients with stroke is due to various causes such as hip flexor weakness1) and ankle spasticity2).

In a previous study, PNF training and taping application for four weeks were significant improvement in 10-m gait and the 
Berg Balance Scale score of stroke patients9). However, since the 10-m gait measured in the previous study was applied using 
the stopwatch, only the gait speed can be identified. The gait evaluation measured in this study was conducted using equip-
ment embedded with a triaxial accelerometer, magnetometer, and gyroscope, which is capable of evaluating spatiotemporal 
parameters of gait and thus, had an advantage of enabling the identification of diverse gait parameters.

Our study had several limitations. The number of subjects included was small, and it could be seen which groups the 
patients belonged to after randomization because of the physical characteristics that must enable independent gaits and the 
study design for taping attachment and exercise. In addition, since it was conducted by a specific institution, it could not be 
generalized to all stroke patients. However, if taping is combined with exercise, the fact that effects were measured after 
removing the tape is still meaningful. It is expected that more accurate results can be obtained if diverse study subjects are 
recruited and blind tests are performed. In addition, it will be even more meaningful to know when the gait speed lasts for a 
while, rather than the immediate effect.
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