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Introduction
 Anterior Cruciate Ligament (ACL) injury is one of the most 
common knee injuries [1]. It is estimated to occur in more than 2 
million subjects per year worldwide [2,3]. Those primarily affected 
are athletes between the ages of 15 and 30 [4]. Despite the high 
incidence of ACL rupture, a univocal strategy for the management 
of this condition is missing [5-7]. The therapeutic strategies include 
two main options which contemplate an early surgery within 24 hours 
after the trauma, or a more conservative approach aimed to stabilize 
the clinical conditions of the knee before surgery.

 Several studies advocates for an early intervention approach as it is 
linked to more favorable outcomes such as reduction of immobilization 
time and muscle tone preservation, early rehabilitation process and 
consequently optimization of recovery time and return to sport [8-12]. 
The reduction of immobilization time allowed the implementation 
of accelerated rehabilitation treatment programs aimed to obtain a 
rapid recovery of daily life activities and early return to sports [13]. 
Nevertheless, edema and pain commonly accompany orthopedic 
post-surgical procedures and when excessive, can adversely affect the 
postoperative course [14]. Thus, effective rehabilitation strategies for 
the management of these common post-surgery side effects play a 
fundamental role in the proper healing after acute ACL surgery.

 In recent years, Neuro Muscular Taping (NMT) has been proposed 
as a new effective technique for the treatment of post-operative edema 
[15]. NMT is a biomechanical, non-pharmacological technique 
consisting in the application on the skin of a mono-elastic adhesive 
tape that allows for improved blood and lymphatic circulation in the 
treated area [16]. The NMT applied to the skin form wrinkles which, 
by lifting the epidermis, facilitate lymphatic drainage, promote 
cellular metabolism and vascularization, reduce pain and improve the 
Range Of Motion (ROM) [17,18]. 
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Abstract 
Background: Surgical techniques for the treatment of Anterior 
Cruciate Ligament (ACL) injuries are exponentially improved in 
the past few decades. Nevertheless, edema and pain commonly 
accompany post-surgical procedures and when excessive, can 
adversely affect the healing course. In recent years, Neuro Muscular 
Taping (NMT) has been proposed as a new technique for the 
treatment of post-operative edema.

Objective: In this study, we aimed to investigate the effects Neuro 
Muscular Taping (NMT) in the treatment of edema in the acute and 
post-acute postoperative phases of ACL repair surgery.

Methods: Thirty patients (19 M, 11F; mean age: 27 y/o) with ACL 
injury were randomly assigned to two groups for the rehabilitation 
program: (1) An experimental group to receive a NMT treatment; or (2) 
A control group which underwent the standard-of-care rehabilitation 
protocols. Both groups where weekly monitored for 4 weeks after the 
surgery. Swelling was assessed through measurement of the limb 
circumference; post-operative pain was evaluated with VAS. After 
collection, data were processed by means of the Mann-Whitney 
and Wilcoxon statistical tests, through which we evaluated the 
percentage decrease in knee swelling of the operated limb.

Results: In comparison to the control group, the experimental 
group showed significant improvements in swelling and pain. The 
circumference of the operated limb registered was: -2.4% ±0.1 in the 
NMT-treated group and + 0.3% ±0.2 in the control group in the first 
week (p = 0.030), -3.7% ±0.1 in the NMT-treated group and -0.63% 
±0.3 in the control group in the second week (p = 0.038), -4.5%  ±0.1 
in the NMT-treated group and -1.2% ±0.3 in the control group in the 
third week (p = 0.019), -5.8% ±0.1 in the NMT-treated group and 
-2.4% ±0.3 in the control group in the fourth week (p = 0.019). VAS 
in the first week was 3.11 ±01.05 in NTM-treated group and 4.67 
±0.71 in the control group (p = 0.006). Our data showed a statistically 
significant reduction of the mean circumference of the lower limb 
at each time point and the reduction of mean VAS at the first week 
treated with NMT compared to the control group (p < 0.05).

Conclusion: Our results revealed that NMT technique applied in 
the acute rehabilitation program of ACL surgery is effective in the 
treatment of postoperative edema.

Keywords: Anterior Cruciate Ligaments (ACL) ruptures; Lachman 
test; Neuro muscular taping; Pivot Shift; Surgery
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 The hypothesis of the present study is that the application of NMT 
reduces postoperative edema after ACL repair surgery.

Materials and Methods
Population characteristics

 Thirty patients (19M, 11F; mean age 27, range 16-46 y/o) were 
enrolled in the study and randomized into an experimental group 
(treated with NMT, n=15, n=15; 11 male and 4 female) and a control 
group (treated according the standard-of-care, without NMT; 9 male 
and 6 female patients). Demographic characteristics are shown in 
table 1. 

 From January 2019 to November 2020 patients aged between 
15 and 50 y/o, candidate to ACL repair surgery and who met the 
inclusion and exclusion criteria were enrolled in the study after 
institutional local IRB-approval. Exclusion criteria were Surgical Site 
Infection (SSI), non-intact skin, cancer and metastases, and deep vein 
thrombosis.

Study design

 A standardized 2-phase-protocol was used in the postoperative 
days. The first phase (acute-phase), included from the first post-
operative day until day 14 (week 2) and it was characterized by the 
application of 1cm-long draining tape strips, spaced 1cm apart and 
positioned, without anchorage, in the area affected by the edema 
(Figure 1A). The second phase (post-acute phase), went from week 
2 until week 4 after surgery. In this phase, a fan taping was applied 
on the popliteal fossa along with a double-fan taping placed on the 
anterior part of the knee (Figures 1B-C).

 To assess the decrease in edema, the circumference of the operated 
lower limb was measured at T0 (first post-operative day) and every 
week for 4 weeks. The measurement was performed 2cm above the 
upper margin of the patella (Figures 2 & 3).

NMT application

 All patients enrolled in the study received standard rehabilitation 
treatment according to the post-intervention ACL repair protocols. 
The NMT-treated group underwent additional treatment with NMT. 
The tape was applied to the knee surface area in order to form folds 
that lifted the skin layer, reducing the underlying pressure and 
removing congestion by normalizing the pressure of the capillaries 
as previously described [19]. The application of the tape produces an 
eccentric biomechanical action, which is activated by normal body 
movement [20]. The taping method used in the study consist in the 
application of fan-shaped taping and draining strips, with or without 
anchorage, spaced one centimeter apart, placed in the edematous area 
of the knee.

Figure 1: NMT positioning on the knee. 1A) Draining strips in the acute phase; 1(B-
C)) fan-shaped strips in the post-acute phase.

NMT-treated 
group (N=15)

Standard-of-care treated 
group (N=15) P-value

Gender (M/F) 11/4 9/6 N.S.

Age mean (range) 26 28 N.S.

Ethnicity 100% Caucasian 100% Caucasian N.S.

Table 1: Demographic characteristic. Figure 2: Repair point for the measurement of the circumference of the knee.

Figure 3: Edema reduction overtime in the NTM-treated group vs the control group 
after ACL surgery. Values are presented as a difference from T0 (the first post-opera-
tive day) at each time-point. Red Line: Standard post-operative care group; Blue line: 
NMT-treated group (P < 0.05).
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 For the acute phase, five strips of 1cm-wide tape, without 
anchorage, were applied to the proximal area of the knee in order 
to drain the post-operative edema. Tape strips were applied one 
centimeter apart with patients lying in supine position. In the post-
acute phase, 3 fan-shaped tapes were applied on the area of the knee. 
The first anterior fan was anchored 5cm above the patella, 1cm medial 
to the midline of the femur with 25° tilt. The patient was instructed to 
maintain a knee flexion angle of 90° in the anchoring phase, and then 
to hold a flexion angle of 110° while fixing the tape to the lower area 
of the knee. In case the patient could not reach 110° flexion angle, the 
tape was fixed at the maximum flexion feasible, pulling the quadriceps 
skin toward the groin area. The tape strips covered the area within the 
margins of medial and lateral collateral ligament. The second anterior 
fan was anchored on the quadriceps, 1cm lateral to the midline of 
the femur with 25° tilt. Finally, the posterior fan was anchored 10cm 
above the popliteal fossa and its length was 20-25 cm depending on 
patient’s height. To position the posterior fan, the patient was still 
standing with the knee extended as much as possible. The lateral 
strip was placed following the margin of the biceps femoris while the 
medial strips followed the margin of semitendinosus tendon. The tape 
was replaced every week to guarantee the adequate elasticity.

Statistical analysis

 Data were processed using the Mann-Whitney and Wilcoxon 
statistical test and SPSS software, through which we evaluated the 
percentage decrease in knee swelling of the operated limb in the 
two different groups: the experimental group (treated with NMT) 
and in the control group (treated the standard-of-care). Statistical 
significance was assessed through Mann-Whitney test (p < 0.05).

Results
 A total of 18 patients admitted to our department with acute ACL 
injuries who met the inclusion and exclusion criteria were enrolled 
in this study. Patients were randomized either in the experimental 
group (NMT-treatment group) or in the control group (standard-of-
care treatment group). The mean age of our cohort was 27 years old  

(range 16-46 years). No statistically significant differences were 
observed between the groups at baseline (demographic Table 1).

 The circumference of the operated limb was measured in each 
patient as described in the methods, at T0 (first post-operative day) 
and every week until week 4. The results were recorded as the 
percentage respect to the circumference at time 0: circumference at 
T (1-2-3-4)/circumference at T0 x 100. Thus, the collected data were 
analyzed through Mann-Whitney and Wilcox on statistical tests.

 The circumference of the operated limb registered in the NMT-
treated group, was: -2.4% ±0.1 in the first week, -3.7% ±0.1 in the 
second week, -4.5% ±0.1 in the third week, -5.8% ±0.1 in the fourth 
week (Table 2). The circumference of the operated limb registered 
in the control group, was: +0.3% ±0.2 in the first week, -0.63% ±0.3 
in the second week, -1.2% ±0.3 in the third week, -2.4% ±0.3 in the 
fourth week (Table 2). The differences between the two groups were 
statistically significant (p < 0.05) at all the different follow-up (Table 
2).

 The VAS registered in NMT group was: 5.78 ±1.56 at T0 (first 
post-operatively day), 3.11 ±1.05 in the first week, 2.11 ±0.6 in the 
second week, 1.33 ±0.50 in the third week, 1.33 ±0.50 in the fourth 
week (Table 3). The VAS registered in the control group was: 6-78 
±1.39 at T0 (first post-operatively day), 4.67 ±0.71 in the first week, 
2.33 ±0.71 in the second week, 1.44 ±0.53 in the third week, 1.22 
±0.44 in the fourth week (Table 3). The differences between the 
two groups were statistically significant (p<0.05) at all the different 
follow-up (Table 3).

Discussion
 ACL injury represents one of the most common injuries in 
orthopedics and sports medicine in the athletically active population 
[1,4]. It often leads to instability, reduced function, and associated 
cartilage and meniscal injuries that contribute to the possible 
development of early post-traumatic arthrosis [21,22]. Several surgical 
therapeutic options are currently available for the reconstruction of 
the ACL [23].

All studied population Standard-care-treated group (N=15) NMT-treated group (N=15) P-value

Decrease % from T0 Mean Std. Mean Std. Mean Std.

1 Week .9897 .02490 1.0028 .02679 .9754 .01548 .030

2 Week .9789 .02727 .9937 .02946 .9630 .01620 .038

3 Week .9718 .02828 .9877 .03084 .9552 .01577 .019

4 Week .9594 .02832 .9758 .02969 .9422 .01675 .019

Standard-care-treated group (N=15) NMT-treated group (N=15) P-value

VAS Mean Std. Mean Std.

T0 first day after surgery 6,78 1,39 5,78 1,56 N.S.

1 Week 4,67 ,71 3,11 1,05 0.006

2 Week 2,33 ,71 2,11 ,60 N.S.

3 Week 1,44 ,53 1,33 ,50 N.S.

4 Week 1,22 ,44 1,33 ,50 N.S.

Table 2: Mean percentage of reduction from T0 in the study groups at several time-points.

Table 3: Mean VAS from T0 in the study groups at several time-points.
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 Recently, the prompt repair of the Anterior Cruciate Ligament 
(ACL) has been proposed as therapeutic option. In this technique, the 
injured ligament is sutured without the use of tendon harvesting thus, 
avoiding any don site morbidity. Arthroscopic ACL repair performed 
acutely reveals many advantages such as avoiding loss of muscle 
strength and allowing an early rehabilitation process thus optimizing 
recovery time [24].

 To date, there is no evidence in the literature regarding appropriate 
rehabilitation strategies after ACL repair. Rehabilitation protocols are 
therefore extrapolated from those described in the ACL reconstruction 
literature. Although subjects reported lower operative morbidity and 
faster recovery after ACL repair, no study provided data supporting 
the safety and efficacy of the accelerated rehabilitation pathway 
compared to that following reconstruction of the injured ligament. 
The main goal of rehabilitation treatment following ACL repair is to 
recover ROM, muscle strength and daily and sports specific activities.

 In the first phase of rehabilitation study (1st to 4th week) the main 
objectives are: control of pain and edema, muscle recruitment and 
gradual restoration of ROM through active and passive mobilization 
of the operated limb. Moreover, strengthening of the quadriceps 
muscle through the execution of isometric exercises and stretching of 
the muscles of the posterior chain of the operated limb are required.

 In this study we focus on the first phase of rehabilitation and the 
possible use of neuromuscular taping as a technique for the treatment 
of edema in the immediate post-operative period. The use of this 
technique allows acting from the outside, through the application 
of an elastic adhesive tape on the surface of the skin, to obtain a 
decompressive effect.

 In this study, two groups of patients undergoing ACL repair 
surgery were compared: an experimental group treated with 
neuromuscular taping and a control group. The comparison of the data 
obtained showed that the correct use of the NMT technique allows 
reducing the edema present in the immediate post-operative period. 
Moreover, we also found a significative reduction of post-operative 
pain as evaluated with VAS in the experimental group at first week 
evaluation. We could speculate that the significative reduction in 
swelling at the first week, due to the application of the NMT, could 
also lead to the reported reduction in pain. To our knowledge there 
are no other papers evaluating the benefits of NMT in the reduction of 
postoperative edema after ACL repair. For this reason, it is difficult to 
find support in the literature for the positive result highlighted by this 
study regarding the percentage decrease in swelling of the operated 
knee.

 This study presents a few limitations such as the small sample size 
due to the worldwide SARS-CoV pandemic and the choice of ACL 
repairs intervention. Nevertheless, we were able to detect significant 
differences between the studied groups.

 In conclusion, the NMT technique, correctly used, seems to be 
effective in the treatment of edema secondary to ACL repair surgery. 
The neuromuscular taping was able to induce a rapid and significant 
reduction of the edema and pain of the operated limb, evaluated by 
measuring the circumference of the thigh at supra-traumatic level 
and with VAS, compared to the control group that did not receive the 
treatment.
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