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Abstract

Post-surgical complications are common complications following saphenectomy surgery,
and strategies to facilitate its resolution are essential for postoperative recovery. This study
evaluated the effects of adhesive elastic taping on edema control in patients undergoing
saphenectomy. A randomized controlled clinical trial was conducted with 40 patients of
both sexes, divided into two groups: intervention (IG), which received taping immediately
after surgery combined with standard compression, and a control group, which received
standard treatment with compression stockings (CG). Assessments were performed preop-
eratively and seven days after surgery, including limb volume (indirect calculation), edema
(dielectric constant analysis), Skin Elasticity Assessment (durometer), pain (Visual Analog
Scale—VAS), limb functionality (Lower Extremity Functional Scale—LEFS), and ecchymosis
area (Image J, version 1.51). Both groups showed a significant increase in edema postopera-
tively (IG: p = 0.003; CG: p = 0.001). The intervention group exhibited a trend toward volume
reduction (p = 0.069), better functionality (p = 0.006)—skin elasticity was assessed using a
durometer—and fewer ecchymoses (p = 0.002). Only the control group showed a significant
increase in tissue firmness (p = 0.012). No significant difference in pain was observed
between groups (p = 0.203). The application of taping demonstrated beneficial effects on
postoperative functional recovery and ecchymosis control following saphenectomy.

Keywords: functional bandaging; edema; varicose veins; kinesio taping

1. Introduction

The post-surgical recovery of patients undergoing saphenectomy can be significantly
affected by complications such as edema and ecchymosis, which delay rehabilitation and
impact clinical outcomes [1,2]. Although compression therapy with stockings is considered
the standard approach for managing these effects [3], new strategies are being investigated
to enhance edema reduction and provide a more efficient postoperative recovery.

Functional elastic bandaging, also known as taping, emerges as an innovative and
accessible alternative for surgical edema management, offering advantages in terms of cost-
effectiveness, applicability, and patient tolerance. This technique, based on the application
of an elastic adhesive cotton tape, is thermoactive and has elasticity similar to the skin,
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promoting a biomechanical effect that stimulates blood and lymphatic circulation by gener-
ating compression and decompression of capillaries during movement [4,5]. Additionally,
it may modulate exaggerated inflammatory responses in the tissue, contributing to a more
efficient healing process [6,7].

Taping has demonstrated beneficial effects, particularly in recovery control across
various surgical contexts, including plastic surgeries [8], third molar extraction [9,10] or-
thopedic procedures [11], post-mastectomy lymphedema [12,13], and venous insufficiency
symptoms [14]. Despite its growing use for different therapeutic purposes, its specific
effectiveness in the post-saphenectomy recovery process has yet to be explored.

The objective of this study was to evaluate the impact of taping on post-saphenectomy
recovery, analyzing its efficacy compared to conventional methods for postoperative event
management. This study aims to expand the use of taping as a complementary resource in
vascular disease recovery protocols, providing a practical and non-invasive alternative for
patients suffering from chronic venous insufficiency.

2. Materials and Methods

2.1. Ethical Aspects

The study was conducted in accordance with the Declaration of Helsinki and was
approved by the Human Research Ethics Committee of the Faculty of Medicine of Ribeirão
Preto—São Paulo—Brazil (FMRP/USP) under protocol number 5.596.054. Registered in
Clinical Trials under number 12241. Informed consent was obtained from all subjects
involved in the study.

2.2. Eligibility Criteria

Individuals of both sexes who underwent unilateral saphenectomy were included in
the study, with a mean age of 42 years. Non-inclusion criteria comprised patients diagnosed
with allergies, skin lesions, or ulcers in the limb being assessed.

2.3. Description of the Experiment

Participants were randomly allocated into two groups: one receiving standard com-
pression therapy and the other undergoing compression taping immediately after surgery.

The clinical trial was conducted in accordance with the guidelines of the Consolidated
Standards of Reporting Trials (CONSORT). One researcher was responsible for determin-
ing participant eligibility and conducting assessments using a standardized anamnesis
form. A second researcher was in charge of randomizing participants into their respective
groups and performing therapeutic procedures, while a third researcher analyzed the data,
remaining blinded to group allocation.

Patients were randomly assigned in small blocks of 5:5, meaning that every five partic-
ipants were allocated to each study group using sealed, opaque envelopes to ensure con-
cealed allocation. Randomization was performed through a lottery draw of the envelopes.

2.4. Conventional Postoperative Treatment

Patients assigned to the conventional treatment group underwent seven days of
compressive bandaging following surgery. Subsequently, they were instructed to wear
7/8-length elastic compression stockings with moderate compression (20–30 mmHg) for
24 h per day over a 7-day period. This approach aligns with standard postoperative proto-
cols aimed at minimizing edema, hematoma formation, and improving venous circulation.
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2.5. Taping Application

The experimental group received taping applied to the lower limb immediately post-
surgery. The technique involved elastic bandages measuring 20 cm and 15 cm, arranged in
a fish-scale pattern to optimize lymphatic and blood flow, using AKTive Tape® (Suzhou
SunMed, Suzhou, China). The active tension applied in the functional region of the bandage
was set at 80%, whereas the base and anchor sections (5 cm) were placed without tension
to allow physiological adaptation (Figure 1).

 

Figure 1. Image of the lower limb in the post-operative period of saphenectomy with taping application.

2.5.1. Evaluation Criteria

Both groups were monitored for postoperative edema, pain levels, and functional
recovery using validated assessment scales and imaging techniques. Measurements
were taken at baseline (pre-surgery) and at 7-day follow-up to compare the efficacy of
both treatments.

2.5.2. Edema Assessment

For edema assessment, a non-invasive method for quantifying water content at differ-
ent tissue depths was employed using the MoistureMeter D® (Delfin Technologies, Kuopio,
Finland). The dielectric constant (DC) of the skin generated a high-frequency electromag-
netic (EM) wave at 300 MHz, which was transmitted to the coaxial probe model S15. This
probe provides information related to the dermis, with a measurement depth ranging from
1.5 mm to 3 mm [15]. The DC of the tissue is proportional to water content, meaning that
higher readings indicate greater hydration levels [15,16].

Participants remained at rest for 5 min in a supine position on an examination table
in a temperature-controlled room (24 ◦C) before the procedure. The probe was positioned
perpendicularly to the skin with stable pressure, taking measurements at five points along
the medial region of the lower limbs.
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Lower limb perimetry was performed by the same evaluator, using a graduated
measuring tape in centimeters, with the participant in a supine position [17]. Measure-
ments were taken at the dorsum of the foot, ankle, and from this joint, five additional
measurements were recorded every 10 cm up to the inguinal region.

The limb volume was calculated based on perimetry data using an indirect method,
summing the approximate volume of six truncated cones according to the following for-
mula [18]: volume = (h) (C1 × C2 + C12 + C22)/12π

2.5.3. Skin Elasticity Assessment

Skin elasticity was assessed using the ElastiMeter® (Delfin Technologies, Kuopio,
Finland), a device that enables instantaneous measurements of elastic properties and
biophysical changes in the skin. For each evaluation point, five consecutive measurements
were performed, and the mean value of these readings was used to determine the Elastic
Support Index (ESI), expressed in N/m. Assessments were conducted at five distinct points
on the medial region of the lower limbs, with 10 cm spacing between them.

2.5.4. Pain Assessment

Pain was quantified using the Numerical Visual Scale (NVS), where a score of 0
represented no pain and a score of 10 indicated the worst imaginable pain [19]. The scale
was applied on the seventh postoperative day.

2.5.5. Lower Limb Functionality Assessment

The functionality of the lower limbs was assessed using the Lower Extremity Func-
tional Scale—LEFS [20], which measures musculoskeletal dysfunctions in this region. The
scale consists of 20 items, each scored on a scale from zero to four, with a maximum possible
score of 80. Patients completed the questionnaire, and the total score was obtained by
summing the responses to all 20 items. A minimum score of 0 indicates a reduced functional
level, while a maximum score of 80 represents high functionality [20,21]. The scale was
applied on the seventh postoperative day.

2.5.6. Ecchymosis Area Analysis

The ecchymosis area was assessed using Image J (Wayne Rasband at the National
Institutes of Health—NIH, Bethesda, MD, USA), version 1.51, 2018, an advanced image
analysis software that enables precise quantification of lesion dimensions. The tool allowed
for accurate measurement of the affected region by analyzing digital images and detect-
ing the boundaries of the ecchymoses. This methodology ensured objective evaluation,
minimizing potential biases and enhancing the reliability of the data collected.

2.5.7. Statistical Analysis

The sample size calculation was processed using SPSS software, version 20 (IBM,
Armonk, NY, USA). The sample size was determined based on the study conducted by
Aguilar-Ferrándiz et al. [14], considering the effect of taping on edema as the primary
outcome variable. A statistical power of 80%, a significance level of 5%, and potential
sample losses were accounted for, resulting in a required sample size of 20 volunteers
per group.

Statistical analysis was performed using SPSS software (version 20), applying non-
parametric statistical tests due to the nature of the data and the observed distribution.
For comparisons between more than two groups, the Kruskal-Walli’s test was applied.
For paired comparisons, the Wilcoxon test was used, while the Mann-Whitney test was
employed for comparisons between independent groups. The adopted significance level
was 5% (p < 0.05).
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3. Results

The following flow chart (Figure 2) presents the stages of the clinical trial, detailing
the process of participant selection, intervention, and analysis.

 

Figure 2. Study flow chart.

In Table 1, the analysis of tissue hydration in the lower limbs (MoistureMeter), shows
no statistically significant difference was observed between the Intervention group (IG)
and Control group (CG) at any of the evaluated time points (pre- and post-operative), both
in the limb where saphenectomy was performed (p = 0.387 and p = 0.285, respectively) and
in the limbs without saphenectomy (p = 0.745 and p = 0.839).

Table 1. Comparison of lower limb tissue hydration between the Intervention group (IG) and Control
group (CG) at pre- and post-operative time points.

MOMENT Group Mean Medien SD Mín Máx
p (Kruskal

Wallis)

SAF
PRE-OP

IG 29.42 29.76 5.04 17.70 37.91
0.387

CG 27.64 28.32 5.04 16.11 34.50

SAF
POST-OP

IG 32.90 34.26 5.79 17.13 44.29
0.285

CG 31.16 30.49 5.80 20.50 40.96

NO SAF
PRE-OP

IG 28.08 27.32 4.15 19.51 34.40
0.745

CG 27.10 29.05 5.01 16.16 34.19

NO SAF
POST-OP

IG 28.44 27.95 4.70 17.03 44.29
0.839

CG 28.40 31.65 5.38 18.41 38.49

SAF PRE-OP: Limb undergoing saphenectomy in the preoperative period. SAF POST-OP: Limb undergoing
saphenectomy in the postoperative period. NO SAF PRE-OP: Control limb in the preoperative period. NO SAF
POST-OP: Control limb in the postoperative period. SD: Standard deviation. IG: Intervention group. CG: Control
group. p < 0.05 indicates statistical significance. Unit of measurement for volume: cm3.

Similarly, the comparison of lower limb volume in Table 2 also showed no significant
differences between the groups at any of the analyzed time points (p > 0.05).
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Table 2. Lower limb volume—comparisons between groups in the preoperative and
postoperative periods.

MOMENT Group Mean Medien SD Min Max
p (Kruskal-

Wallis)

SAF
PRE-OP

IG 9316.77 9233.85 1393.81 6954.77 12,422.69
0.185

CG 9932.40 9924.84 1452.12 7511.37 12,787.42

SAF
POST-OP

IG 9393.12 9492.86 1279.74 7198.66 12,211.65
0.204

CG 10,004.80 9805.97 1629.31 7510.83 12,935.08

NO SAF
PRE-OP

IG 9217.15 9144.54 1249.96 6921.18 11,932.57
0.160

CG 9838.56 9791.84 1454.21 7469.07 12,759.05

NO SAF
POST-OP

IG 9234.61 9119.94 1172.23 7312.98 11,557.13
0.291

CG 9675.42 9885.49 1438.56 7383.17 12,094.63

SAF PRE-OP: Limb undergoing saphenectomy in the preoperative period. SAF POST-OP: Limb undergoing
saphenectomy in the postoperative period. NO SAF PRE-OP: Control limb in the preoperative period. NO SAF
POST-OP: Control limb in the postoperative period. SD: Standard deviation. IG: Intervention group. CG: Control
group. p < 0.05 indicates statistical significance. Unit of measurement for volume: cm3.

Table 2 showed a significant increase in postoperative edema in both groups (Interven-
tion Group: p = 0.003; Control Group: p = 0.001), with no significant differences between
them in the preoperative (p = 0.387) and postoperative periods (p = 0.285). Regarding
lower limb volumetry, as presented in Table 3, there was a trend toward a reduction in
lower limb volume in the intervention group (IG) between the pre- and post-intervention
periods (p = 0.069), although without statistical significance. In the remaining analyses, no
significant intragroup differences were observed. Intergroup analyses also did not reveal
relevant statistical differences between the pre- and post-intervention periods (p > 0.05).

Table 3. Instantaneous sin elasticity between GT and GC group at preoperative and postoperative
time points.

MOMENT Group Mean Medien SD Min Max
p (Krushal-

Wallis)

SAF
PRE-OP

IG 67.48 68.21 13.32 38.14 89.71
0.117

CG 61.45 57.14 12.71 45.29 86.00

SAF
POST-OP

IG 74.85 67.71 22.50 34.86 114.14
0.387

CG 71.59 60.92 25.59 39.86 144.43

NO SAF
PRE-OP

IG 65.96 66.57 15.08 37.71 99.29
0.417

CG 61.46 61.50 10.82 44.57 76.00

NO SAF
POST-OP

IG 70.25 70.85 15.67 38.57 92.43
0.262

CG 66.26 62.92 16.38 39.86 105.57

SAF PRE-OP: Limb undergoing saphenectomy in the preoperative period. SAF POST-OP: Limb undergoing
saphenectomy in the postoperative period. NO SAF PRE-OP: Control limb in the preoperative period. NO SAF
POST-OP: Control limb in the postoperative period. SD: Standard deviation. IG: Intervention group. CG: Control
group. p < 0.05 indicates statistical significance. Unit of measurement for volume: cm3.

The analysis of instantaneous skin elasticity using the Elastimeter (Table 3) showed
no significant differences between the Intervention group (IG) and Control group (CG) in
the preoperative and postoperative periods, both in limbs that underwent saphenectomy
(p = 0.117 and p = 0.387, respectively) and in those that did not (p = 0.417 and p = 0.262).

Table 4 presents the intergroup analysis of the variables ecchymosis, visual analog
scale (VAS) for pain, and lower extremity functional scale (LEFS). Regarding the presence
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of postoperative ecchymosis in the limb subjected to saphenectomy, a significant difference
was observed between groups (p = 002), with the intervention group (IG) showing a lower
mean ecchymosis value (0.085) compared to the control group (CG)—0.174.

Table 4. Comparison of the presence of ecchymosis, pain scale (VAS), and power extremity functional
scale (LEFS) between the intervention (IG) and control (CG) groups in the postoperative period
of saphenectomy.

Analyzed
Variables

Moment Group Mean Medien SD Min Max
p (Kruskal-

Wallis)

ECCHYMOSIS
SAF POST-OP

IG 0.085 0.050 0.109 0.006 0.510
0.002 *

CG 0.174 0.105 0.133 0.019 0.428

VAS
SAF POST-OP

IG 1.25 1.00 1.61 0 6
0.203

CG 1.65 1.00 1.34 0 4

LEFS
SAF POST-OP

IG 66.20 73.00 18.63 17 80
0.006 *

CG 58.60 59.00 11.81 32 79

IG: Intervention group. CG: Control group; SAF POST-OP: Limb undergoing saphenectomy in the postoperative
period. Significance level p < 0.05 *.

For pain assessment, the IG also exhibited a lower mean score (1.25) than the CG (1.65),
although this difference was not statistically significant (p = 0.203).

Finally, functional assessment of the lower limbs demonstrated a significant difference
between groups (p = 0.006), with the IG achieving a higher mean functional score (66.20)
compared to the CG (58.60), suggesting better functional recovery in patients who received
taping intervention.

In the comparison between the IG and CG groups, as shown in Table 5, no significant
difference was observed in pain intensity (VAS) between the groups (p = 0.203), although
the IG group showed a slightly lower mean (1.25 ± 1.62) compared to the CG group
(1.65 ± 1.35). On the other hand, lower extremity functionality, as measured by the Lower
Extremity Functional Scale (LEFS), was significantly higher in the IG group (66.20 ± 18.64)
than in the CG group (58.60 ± 11.82), with p = 0.006.

Table 5. Comparison between IG and CG groups on VAS and LEFS scales in the postoperative period.

Safenectomy Varable Moment Mean Medien SD Min Max
p

(Wilxocon)

IG MoistureMeter
PRE-OP 29.42 29.76 5.04 17.70 37.91

0.001 *
POST-OP 32.90 34.26 5.79 17.13 44.29

CG MoistureMeter
PRE-OP 27.64 28.32 5.04 16.11 34.50

0.003 *
POST-OP 31.16 30.49 5.80 20.50 40.96

IG Volumetria
PRE-OP 9316.77 9233.85 1393.81 6954.77 12,422.69

0.411
POST-OP 9393.12 9492.86 1279.74 7198.66 12,211.65

CG Volumetria
PRE-OP 9932.40 9924.84 1452.12 7511.37 12,787.42

0.881
POST-OP 10,004.80 9805.97 1629.31 7510.83 12,935.08

IG Elastimeter
PRE-OP 67.48 68.21 13.32 38.14 89.71

0.079
POST-OP 74.85 67.71 22.50 34.86 114.14

CG Elastimeter
PRE-OP 61.45 57.14 12.71 45.29 86.00

0.012 *
POST-OP 71.59 60.92 25.59 39.86 144.43

IG: Intervention group. CG: Control group; VAS = Visual Analog Scale for pain; LEFS = Lower Extremity
Functional Scale; PRE-OP: preoperative period. POST-OP: postoperative period. SD = Standard Deviation;
P25–P75 = 25th and 75th Percentiles. Mann–Whitney test used for between-group comparison. * Significance
level p < 0.05.
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4. Discussion

This study aimed to evaluate the effect of taping on the recovery of lower limbs
following unilateral saphenectomy. Studies have indicated that taping may assist in the
reorganization of tissue pressures and improvement of lymphatic circulation, thereby
supporting the management of postoperative complications [8,22–25]. However, its specific
effects in the postoperative period of saphenectomy are still not well established.

No significant differences were observed between the groups undergoing unilateral
saphenectomy in terms of edema control. This finding is likely due to the fact that both
groups received standard compression therapy, which is widely recognized for its efficacy
in managing postoperative edema [26,27]. Unlike compression stockings, taping primarily
exerts elastic traction forces rather than circumferential pressure or direct compression.

The absence of significant differences between groups regarding edema control with
the use of elastic adhesive bandaging was an expected finding, given the well-established
evidence supporting the superiority of conventional compression therapy. Compression
garments exert continuous circumferential pressure, which facilitates venous return, re-
duces capillary filtration, and promotes lymphatic drainage, mechanisms widely docu-
mented in the literature as effective in managing postoperative edema [28]. A clinical
trial [29] comparing elastic adhesive bandaging with compression stockings in patients
with chronic venous disease demonstrated that compression was significantly more ef-
fective in reducing edema, whereas taping showed more modest effects. Furthermore,
a systematic review on the use of taping for edema control found that studies reporting
positive outcomes are few, methodologically weak, and present notable limitations.

Although elastic adhesive bandaging is often perceived as a supportive intervention
for edema control due to its elastic traction, its mechanism of action differs substantially
from that of compression stockings [11]. Unlike the latter, bandaging does not provide
uniform circumferential pressure and instead relies on localized tension, which may be
insufficient to counteract the hemodynamic forces driving edema formation, particularly in
the acute postoperative phase

The analysis of instantaneous skin elasticity, measured by the Elastimeter, also did not
reveal significant differences between the intervention group (IG) and the control group
(CG), either in the operated or non-operated limbs, across the pre- and postoperative
periods. However, although statistical results did not reach the conventional significance
threshold (p < 0.05), the p-value (0.052) suggests a trend toward significance that warrants
further investigation. A significant difference was observed after seven days (p = 0.012).

The relatively small sample size (20 participants per group) may have limited the
ability to detect moderate effects, as suggested by near-significant p-values like 0.052 for
skin elasticity. This raises the possibility of a type II error, underscoring the need for future
studies with larger cohorts to confirm the clinical benefits of taping after saphenectomy.

The presence of edema seven days after saphenectomy remains a common and clin-
ically relevant occurrence. Even after the initial recovery period, interstitial fluid accu-
mulation may persist due to lymphatic injury, transient venous dysfunction, and local
inflammatory responses triggered by surgery [30]. This edema, even when subclinical, can
alter tissue biomechanics by increasing interstitial volume and compromising the integrity
of the extracellular matrix (ECM), thereby reducing its density and elasticity [31].

It is also important to consider additional hypotheses, such as the influence of indi-
vidual factors like pre-existing vascular conditions. Chronic venous insufficiency is one
of the leading causes of lower limb edema, resulting from increased capillary hydrostatic
pressure and vascular permeability, which facilitate fluid buildup in the interstitial space.
The severity of edema may vary according to individual clinical profiles, with venous
hypertension being a key determinant [32,33].
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In the present study, a significant reduction in ecchymosis was observed seven days
after surgery, consistent with previous findings in other surgical contexts that reported
positive outcomes related to ecchymosis modulation through taping [34]. These findings
reinforce the potential of taping in the reabsorption of blood extravasation, even though its
effects appear more peripheral than central in the affected area, corroborating the clinical
trial results.

Although this study did not show statistically significant results regarding pain re-
duction, Aguillar-Ferrandiz et al. [14] suggested that taping may exert a placebo effect on
pain. Therefore, taping is considered a promising therapeutic strategy in postoperative
rehabilitation, particularly for pain relief and improved functionality both observed in the
current study.

The improvements in LEFS scores and subcutaneous hemorrhage suggest clinically
meaningful effects of taping. The LEFS changes approach the established MCID of nine
points [20], and prior studies support taping’s role in reducing postoperative edema and
ecchymosis [8,35].

Another study also reported reductions in pain and increases in knee flexion range in
patients undergoing total knee arthroplasty, although the evidence quality remains low [36].
A similar effect was seen in post-thoracotomy patients [37], where taping significantly
reduced pain, improved respiratory function, and decreased analgesic consumption com-
pared to the control group. It was also effective in reducing pain and enhancing physical
tolerance in postoperative laparoscopic abdominal surgery, further supporting its role as an
adjunct in functional recovery. The timing of the postoperative period may also influence
the outcomes of this study. Significant improvements in ecchymosis, edema, and pain were
observed in liposuction patients at 7, 14, and 21 days postoperatively [8].

The findings of this study are limited to the acute phase of the inflammatory and
edematous process, which prevents assessment of tissue response progression in later
repair stages, suggesting the need for further research.

Evaluating therapeutic effects within the first seven days after saphenectomy car-
ries strong clinical relevance, as this period marks the peak of the acute inflammatory
response and postoperative edema formation. During this window, hemodynamic changes,
increased vascular permeability, and interstitial fluid accumulation can directly affect
limb mobility and raise the risk of secondary complications such as wound dehiscence
and infection. Investigating interventions capable of modulating this process early on
is therefore strategically valuable not only to accelerate functional recovery but also to
reduce postoperative care costs. Further studies are needed to evaluate the progression
of effects during later stages of tissue repair, as well as to investigate how comorbidi-
ties and age-related physiological differences may influence the effectiveness of taping in
postoperative recovery.

A limitation of this study was the inability to blind participants and therapists due
to the nature of the intervention, which may have affected subjective outcomes such as
pain. To minimize this bias, we employed concealed allocation through randomization and
standardized procedures, along with validated instruments for outcome assessment.

5. Conclusions

The study demonstrated significant effects of taping following saphenectomy, in-
cluding reduced ecchymosis and improved skin elasticity and lower limb functionality.
However, no statistically significant result was observed in relation to edema control.
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