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Abstract
This study is aimed to explore the direct effects of low-level laser therapy (LLLT) at different wavelengths on lymphatic 
motility int healthy individuals. The goal was to identify the most effective protocol and assess the potential application 
of LLLT in managing lymphedema. The study included 32 healthy participants (12 males, and 20 females), divided into 
two groups. Each participant underwent a single session of unilateral upper extremity manual lymphatic drainage (UE 
MLD), followed by two types of LLLT applied to the ipsilateral axilla region to promote lymphatic drainage. Indocya-
nine green (ICG) lymphography was used during each treatment session to evaluate the immediate effect of LLLT on 
lymphatic motility. Additionally, extracellular fluid (ECF) and local tissue water level were assessed before and after the 
intervention using multiple frequency bioelectrical impedance analysis (MFBIA) and tissue dielectric constant (TDC). The 
overall reduction in body water content post-intervention was observed across multiple areas in both groups but without 
consistent statistical significance between groups. After UE MLD, the number of lymph packets significantly increased in 
both groups (Group A: from 3.20 ± 0.76 to 6.00 ± 1.38; Group B: from 2.80 ± 0.95 to 5.38 ± 1.44). However, during LLLT, 
the lymph packet count decreased significantly (Group A: to 1.73 ± 0.51; Group B: to 1.96 ± 0.67). Linear mixed model 
analysis showed that LLLT was associated with a reduction in lymph packet velocity (Estimate = − 1.22, 95% CI: − 2.08 to 
− 0.36, p = 0.006) and count (Estimate = − 1.11, 95% CI: − 1.57 to − 0.66, p < 0.001), while UE MLD significantly increased 
packet count (Estimate = 2.73, 95% CI: 2.28 to 3.19, p < 0.001). No significant intergroup differences were observed in 
lymphatic motility. This study quantitatively assessed lymphatic motility and tissue water content following different types 
of LLLT in healthy individuals. The findings suggest the need for further clinical studies to evaluate the effect of various 
LLLT parameters in lymphedema patients.
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Introduction

Breast cancer-related lymphedema occurs because of dam-
age to the axillary lymphatic drainage pathways, which can 
significantly affect the quality of life owing to limitations 
in the upper limb function [1–3]. In 2006, the United States 
Food and Drug Administration accepted low-level laser 
therapy (LLLT) as a treatment option for breast cancer-
related lymphedema. It is effective in reducing the volume 
of the edema site; relieving pain; and improving shoulder 
range of motion, grip strength, and quality of life [4, 5]. It 
delivers low energy to the lymphedema site, inducing bio-
chemical changes at the cellular level [6, 7]. In lymphedema, 
LLLT reduces tissue fibrosis by triggering metabolic energy, 
thereby decreasing profibrotic transformation growth factor 
expression and type I collagen deposition, improving lym-
phatic drainage by enhancing lymphangiogenesis and lym-
phatic motoricity, and reducing tissue fluid accumulation 
owing to changes in blood flow [8–10]. LLLT is also known 
as photobiomodulation, non-invasive light treatment that 
does not produce heat. Recent systematic reviews concluded 
that LLLT there are few treatment-related adverse events 
[11] and is generally considered safe as it does not lead to 
the tumor safety issues [12]. Various LLLT devices with dif-
ferent wavelengths and depths of penetration are available 
in the market, and the effects of LLLT may vary depending 
on the targeted tissue; therefore, optimal wavelengths may 
differ for each location [11, 13–15]. Otherwise, the optimal 
protocol of LLLT for lymphedema patients according to 
clinical severity and application site is still lacking.

Non-invasive imaging methods for monitoring the real-
time dynamic movement of the lymphatic system for diag-
nosing and evaluating treatment effects on the lymphatic 

system are lacking. Current clinical studies to determine 
the effectiveness of LLLT mostly focused on reducing limb 
volume and improving lymphedema symptoms following 
LLLT [16–20]. However, there was no clinical trials com-
paring the direct effects of LLTT on the real-time lymphatic 
motility of superficial lymphatics based on various LLLT 
protocols for lymphedema. In addition, confirming the 
effect of LLLT on improving lymphatic motility based on 
a previous laboratory hypothesis describing LLLT mecha-
nisms on lymphatic function is important to bridge these 
results of laboratory findings into clinical application [15]. 
Therefore, this study aimed to investigate the direct effects 
of LLLT at different wavelengths on lymphatic motility and 
local fluid reduction in healthy individuals to further deter-
mine the appropriate protocol and effectiveness of LLLT in 
patients with lymphedema.

Materials and methods

Participants

This study was a prospective, single-blinded, parallel, ran-
domized controlled trial conducted in a tertiary hospital. 
Physical therapy trainees aged 20–30 years were enrolled 
between August 2023 and January 2024. None of the par-
ticipants had a history of iodine allergy or asthma. None of 
the participants were pregnant, or had a history of cancer, 
heart disease, renal failure, pulmonary hypertension, con-
genital lymphatic obstruction, or had conditions that may 
cause upper limb edema. All participants received informa-
tion about the study and provided written informed consent 
before inclusion. These individuals were not involved in 
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any system testing or usability, but were instead subjects in 
a physiological trial of low-level laser therapy. Therefore, 
feedback collection and iterative system design were not 
applicable to the study design. Each group was determined 
to require 15 participants based on a previous study [21], 
with an effect size of 80% and a significance level of 5%, 
using the G power 3.1.9 program. A total of thirty-two partic-
ipants were recruited in the study. The participants were ran-
domly assigned to either Group A (904 nm LLLT) or Group 
B (650 nm LLLT) (Fig. 1). Randomization was conducted 
using Microsoft Excel 2019, employing block randomiza-
tion with a fixed block size of four to ensure balanced group 
sizes throughout the enrollment period. A random sequence 
of group allocations (Group A or Group B) was generated 
in advance using Excel’s RAND function and organized 
into blocks to maintain a 1:1 allocation ratio within each 
block. Allocation concealment was achieved using sequen-
tially numbered, opaque, sealed envelopes (SNOSE). Each 
envelope contained the group assignment corresponding to 
the randomization schedule and was opened only after the 

participant completed the baseline assessment, ensuring that 
the assignment was not known beforehand by either the par-
ticipant or the researcher conducting the assessment. This 
was a single-blinded study: while participants were aware of 
receiving low-level laser therapy (LLLT), they were blinded 
to the wavelength being used. The assessor responsible for 
evaluating the outcomes was blinded to group allocation 
throughout the study. The study was approved by the Insti-
tutional Review Board (IRB) of Pusan National University 
Hospital (IRB No. D-2308-023-130).

Intervention

Treatment protocol of this study is depicted in Fig. 2. In 
this study, LLLT was performed after the manual lym-
phatic drainage (MLD) session to follow the conventional 
treatment protocol for lymphedema and for the intergroup 
analysis to compare the additional effect of 2 LLLT types 
after conventional treatment. Three physical therapists in 
a tertiary hospital who had received standard treatment 

Fig. 1  Flow diagram outlining 
participant enrollment, random-
ization, intervention allocation, 
and analysis
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each intervention, and intergroup and intragroup analyses 
were conducted before, after, and between the intervention. 
After the single session of intervention, indocyanine green 
(ICG) lymphography was used during each treatment ses-
sion to evaluate the immediate effect of LLLT on lymphatic 
motility. (Fig. 3) Extracellular fluid (ECF) and local tissue 
water level were assessed before and after the intervention 
using multiple frequency bioelectrical impedance analysis 
(MFBIA) and tissue dielectric constant (TDC).

Assessment

ICG lymphography [23–25]

ICG lymphography images were obtained using a near-
infrared camera (Lymphoscope, Busan, Korea) to detect 760 
nm light-emitting diode and a filter cutting light below 820 
nm. In total, 0.2 mL of ICG (Diagnogreen 2.5 mL/mL) was 
injected subcutaneously into the unilateral upper extremities 
in the first and third web spaces of the hand. Lidocaine HCL 
(2%) with epinephrine (1:100,000) was injected before the 
dye injection to minimize pain. Images were obtained from 
the time of injection until the intervention period, with par-
ticipants in a fixed supine position. Images were recorded 
six times during the intervention period: three resting peri-
ods (5 min each), a terminal MLD period (5 min), an upper 
extremity (UE) MLD period (10 min), and an LLLT period 
(15 min). Changes in lymphatic function were assessed by 
calculating the number of lymph packets transported per 
minute and the lymph packet velocity during the period 
[26]. The number of lymph packets was determined by mea-
suring the number of packets moving within the lymph ves-
sels at three locations during each intervention period, and 
the average was calculated. To determine the velocity of the 
packets, a region of interest (ROI) was placed 10 cm along 
each vessel, and the time required for continuously moving 
packets to traverse this distance was measured. The aver-
age values measured for the three vessels were calculated. 

education for manual lymphatic drainage (MLD) performed 
the interventions. In both groups, 5 min of supraclavicular 
fossa (terminus site) lymphatic drainage followed by 10 
min fluoroscopy-guided MLD [22] was performed on the 
unilateral upper limb. Subsequently, LLLT was applied to 
the ipsilateral axillary nodes, which involved in key lymph 
nodes for lymphatic drainage [15, 21]. The participant was 
placed in a supine position with the dominant hand exter-
nally rotated at 90°. The single session was chosen to isolate 
and observe the immediate effect of LLLT on normal par-
ticipants, as opposed to cumulative or long-term effects. The 
laser parameters used for the intervention were fixed val-
ues based on the specifications of the LTU-904 device [20]. 
These parameters were chosen to ensure stability and safety 
during the therapy. For Group A, LTU-904 (RianCorp, Aus-
tralia) with a wavelength of 904 nm was used applied to 
axillary region. 15 points centered at 2 cm intervals in the 
axilla and treatment time was 1 min for each point. A total 
dose of 22.5 Jcm2 was administered in the 15-min treat-
ment session. For Group B, Salus Talent (Remed, USA) 
with a wavelength of 650 nm was applied to the same area, 
and the same laser output and energy dose were used as 
in Group A. Five minutes of rest were allocated between 

Fig. 3  Real-time ICG lymphography measurements obtained during 
low-level laser therapy

 

Fig. 2  Treatment protocol 
applied to each group, including 
timing and sequence of manual 
lymphatic drainage (MLD) and 
low-level laser therapy (LLLT)

 

1 3

  486   Page 4 of 10



Lasers in Medical Science          (2025) 40:486 

analyzed to identify specific patterns. A linear mixed model 
was used to evaluate group effects, time effects, and inter-
action effects to test interaction effects. The mixed model 
assumed an unstructured covariance structure. Statistical 
analysis was performed using the language R version 4.3.1 
(R Core Team, 2023, http://cran.r-project.org). A p-value of 
< 0.05 was considered to be statistically significant.

Result

Baseline characteristics

A total of 32 participants (16 per group) completed the study. 
There were no significant differences between Group A 
(904 nm LLLT) and Group B (650 nm LLLT) in age, gender 
distribution, BMI, baseline bioimpedance (MFBIA) values, 
or most tissue dielectric constant (TDC) values (Table 1).

Changes in tissue water content and bioimpedance

After intervention, both groups showed trends toward 
reduced extracellular fluid and local water content. Group B 
showed a significantly greater reduction in ventral forearm 
moisture (ΔPWC M) compared to Group A (median: − 1.83 
vs. − 0.67; p = 0.027) (Table  2). No other regions showed 
statistically significant intergroup differences in TDC or 
MFBIA changes. Overall, the reduction in body water con-
tent post-intervention was observed across multiple areas in 
both groups but without consistent statistical significance 
between groups.

Lymphatic velocity and packet count changes

Intra-group analysis revealed that both groups exhibited an 
increase in the number of lymph packets after UE MLD, fol-
lowed by a significant reduction during LLLT. For example, 
in Group A, the packet count rose from 3.20 after Terminus 
MLD to 6.00 post-UE MLD, and then declined sharply to 
1.73 during LLLT. (Fig. 4) Group B showed a similar trend. 
Otherwise, intergroup comparisons of velocity and packet 
count at each time point did not reveal statistically signifi-
cant differences (Table 3). The greatest observed difference 
was in lymphatic velocity during Terminus MLD (Δ = 1.303, 
95% CI: − 0.103 to 2.709, p = 0.080), which did not show 
statistical significance.

Linear mixed model analysis

The linear mixed model further explored factors influencing 
lymph packet velocity indicated that the significantly higher 
overall lymph packet velocity in the group A compared to 

The number of packets and the velocity measurements 
were obtained by averaging the values measured by the two 
examiners (Supplementary Video 1).

MFBIA

The extracellular fluid volume was measured using MFBIA 
before and after the intervention using S10 (Inbody, Seoul, 
Korea). The limb index ratio was derived by comparing the 
impedance values of the affected and unaffected arms at 
1 and 5 kHz (kHZ), generating a proportional value [27]. 
Additionally, the impedance at zero frequency, which rep-
resents the impedance of extracellular water fluid alone, 
was measured, and R0 ratio (R0 Upper extremity/Lower 
extremity) was calculated by comparing the impedance val-
ues between the upper and lower extremities on the affected 
side [28].

Local tissue water measurement [29, 30]

TDC was measured before and after the intervention to 
assess the local skin water using a moisture meter-D com-
pact (Delfin Technologies Ltd., Kuopio Finland). A high-
frequency electromagnetic wave at 300 MHz signal is 
generated within a control unit, and the electromagnetic 
wave is reflected depending on the dielectric constant of the 
focal tissue, which depends on the amount of free water in 
the focal tissue relative to the dielectric constant and is cal-
culated for the index of the tissue water. As a reference, pure 
water has a value of approximately 78.5. The measurement 
points consisted of 9 points, on the unilateral upper extrem-
ity and trunk of the participants, marked with a soft pencil. 
The device measured TDC using electromagnetic waves 
and displayed the converted results as the localized percent-
age water content of the measurement site. The parameters 
were measured three times per area and the averages were 
calculated [31].

Statistical analysis

Continuous variables are presented as means and standard 
deviations, and categorical variables are presented as fre-
quencies and percentages. Owing to the small sample size 
of each group, nonparametric tests were conducted. The 
Wilcoxon rank-sum test was used to compare continuous 
variables between the two independent groups. The Fisher’s 
exact test was used to analyze categorical variables. The 
Wilcoxon signed-rank sum test and paired t-test were con-
ducted to compare the differences in the velocity and number 
of lymph packets, and the F-test was used to examine vari-
ance differences. The velocity and number of lymph packets 
were tracked over time for each participant, and trends were 
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Table 2  Changes in MFBIA and TDC values after treatment
Characteristic Group A (n = 16) Group B (n = 16) Total (n = 32) P value
MFBIA values median (IQR)
Δ R0 Lo/Up 0.04 [0.03, 0.09] 0.02 [0.00, 0.06] 0.03 [0.01, 0.07] 0.079
Δ 1 Hz LIR 0.03 [0.00, 0.03] 0.01 [0.00, 0.03] 0.02 [0.00, 0.03] 0.296
Δ 5 Hz LIR 0.02 [0.00, 0.03] 0.01 [0.00, 0.02] 0.02 [0.00, 0.03] 0.183
Δ PWC values. median (IQR)
  ventral forearm (M) −0.67 [−1.08, 0.25] −1.83 [−3.00, −0.67] −1.00 [−2.42, −0.67] 0.027*
 (L) 0.67 [−0.08, 0.75] 0.17 [−0.08, 1.67] 0.33 [−0.08, 1.00] 0.635
  medial upper arm (M) 0.17 [−0.33, 2.08] −0.17 [−0.75, 0.67] 0.00 [−0.67, 1.00] 0.242
 (L) −0.17 [−1.00, 0.33] 0.00 [−0.42, 0.75] 0.00 [−0.67, 0.33] 0.264
  ventral upper arm (M) −0.17 [−0.50, 1.08] −0.33 [−1.00, 0.33] −0.17 [−1.00, 0.75] 0.597
 (L) 0.00 [−0.67, 0.33] 0.00 [0.00, 0.42] 0.00 [−0.42, 0.33] 0.420
  Shoulder (M) 0.67 [−1.00, 2.08] −0.33 [−1.83, 1.67] 0.00 [−1.17, 2.00] 0.282
 (L) −1.67 [−2.33, −0.67 −0.33 [−2.00, 0.00] −1.17 [−2.33, 0.00] 0.085
  Hand (M) 0.33 [−2.17, 3.92] −1.33 [−3.67, 0.83] −0.33 [−3.67, 2.00] 0.185
 (L) −0.50 [−2.25, 1.42] 0.00 [−0.50, 2.50] 0.00 [−1.33, 1.83] 0.185
  dorsal forearm (M) −0.33 [−1.17, 0.83] 0.50 [−1.08, 1.08] 0.00 [−1.08, 1.08] 0.763
 (L) 0.17 [−0.67, 1.42] 0.00 [−1.00, 0.58] 0.00 [−0.75, 1.33] 0.322
  dorsal upper arm (M) 0.00 [−2.83, 3.42] −0.33 [−4.75, 0.42] −0.33 [−3.42, 1.25] 0.258
 (L) 0.00 [−1.83, 1.08] 0.50 [0.00, 2.75] 0.33 [−1.17, 1.92] 0.174
  trunk (M) 4.00 [0.58, 5.92] 4.67 [2.50, 7.33] 4.17 [1.00, 6.83] 0.611
 (L) −3.00 [−4.42, 0.25] −1.83 [−4.33, 0.00] −2.33 [−4.33, 0.00] 0.865
  breast (M) 2.17 [0.67, 4.50] 1.00 [−0.34, 2.17] 1.33 [0.58, 3.83] 0.101
 (L) 0.17 [−1.92, 0.75] 0.00 [−1.75, 0.50] 0.00 [−1.75, 0.75] 0.985
MFBIA, multifrequency bioelectrical impedance analysis; Lo/Up, Lower/Upper extremity; LIR, limb index ratio; PWC, percentage of water 
content
*p < 0.05

Table 1  Baseline characteristic of the participants
Characteristic Group A (n = 16) Group B (n = 16) Total (n = 32) P value
Age (yr), mean (SD) 23.62 (4.01) 22.88 (1.59) 23.25 (3.03) 0.688
Gender (male: female) 6:10 6:10 12:20 1.000
BMI, mean (SD) 22.48 (2.29) 23.68 (3.37) 23.08 (2.90) 0.235
Baseline MFBIA values, median (IQR)
  R0 Lo/Up 0.70 [0.66, 0.82] 0.71 [0.64, 0.76] 0.71 [0.65, 0.79] 0.571
  1 Hz LIR 1.00 [0.98, 1.01] 1.01 [0.98, 1.02] 1.00 [0.98, 1.02] 0.880
  5 Hz LIR 1.00 [0.98, 1.01] 1.01 [0.99, 1.02] 1.01 [0.99, 1.02] 0.703
Baseline PWC values, median (IQR)
  ventral forearm 40.83 [36.75, 44.08] 38.83 [34.92, 43.92] 39.83 [35.58, 43.92] 0.336
  medial upper arm 31.50 [29.00, 36.83] 33.00 [31.42, 35.17] 32.33 [29.58, 35.83] 0.473
  ventral upper arm 36.50 [33.92, 40.33] 33.83 [31.50, 40.08] 35.83 [32.58, 40.33] 0.355
  shoulder 43.50 [40.25, 48.00] 43.17 [38.00, 46.17] 43.17 [38.75, 47.75] 0.584
  hand 42.33 [39.58, 44.17] 37.00 [33.00, 40.67] 40.33 [36.17, 43.50] 0.012*
  dorsal forearm 43.83 [38.17, 46.75] 42.67 [40.92, 45.67] 43.33 [40.08, 45.67] 0.748
  dorsal upper arm 37.17 [35.17, 39.33] 37.33 [34.92, 39.75] 37.17 [34.92, 39.75] 0.940
  trunk 41.33 [37.58, 46.00] 42.33 [39.17, 46.50] 41.67 [38.50, 46.00] 0.720
  breast 47.83 [45.83, 50.08] 44.67 [43.00, 46.42] 46.33 [43.83, 48.83] 0.017*
BMI, body mass index; MFBIA, multifrequency bioelectrical impedance analysis; Lo/Up, Lower/Upper extremity; LIR, limb index ratio; 
PWC, percentage of water content
*p < 0.05
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Discussion

In this study, extracellular fluid volume measurements 
using TDC showed significant differences following 
MLD and LLLT, whereas no differences were observed 
between different types of LLLT. In addition, confirming 
the effect on direct lymphatic movement in normal sub-
jects, in the case of UE MLD, an increase in the number 
of direct lymph packets, that is, an increase in the amount 
of lymph discharged, was confirmed. In contrast, in the 
case of LLLT, there was no significant change in velocity 
and moreover, decrease in number of lymph packet were 
observed in both groups.

the group B (Estimate = 1.109, 95% CI: 0.042 to 2.175, 
p = 0.042); however, this difference was no longer signifi-
cant in after adjusting for interaction terms. No time × group 
interactions reached significance, suggesting the effect of 
LLLT on velocity was consistent across both wavelengths. 
UE MLD significantly increased the lymph packet count 
in all with significance. (Estimate = 2.533, 95% CI: 1.894 
to 3.171, p < 0.001). In addition, active LLLT was associ-
ated with a significant decrease in packet count (Estimate = 
− 0.888, 95% CI: − 1.527 to − 0.250, p = 0.007). No signifi-
cant group or interaction effects were found, indicating that 
the response in lymph packet number was consistent across 
both wavelengths. (Table 4)

Table 3  Comparison of velocity and number of lymph packet during each time points between groups
Group Velocity of lymph packet Number of lymph packet

Terminus MLD UE MLD LLLT Terminus MLD UE MLD LLLT
Group A 9.751 ± 1.992 9.455 ± 2.592 9.028 ± 1.664 3.200 ± 0.764 6.000 ± 1.380 1.733 ± 0.507
Group B 8.448 ± 1.9 9.024 ± 1.843 7.926 ± 2.607 2.800 ± 0.950 5.377 ± 1.437 1.956 ± 0.666
Diff 1.303 0.431 1.102 0.400 0.623 −0.223
95% CI −0.103, 2.709 −1.200, 2.063 −0.488, 2.694 −0.246, 1.046 −0.431, 1.676 −0.667, 0.222
p value 0.080 0.838 0.184 0.110 0.239 0.444
MLD, manual lymphatic drainage; LLLT, low level laser therapy
*p < 0.05

Table 4  Linear mixed effect model showing correlation of each treatment with velocity and number of lymph packet during treatment
Velocity of lymph packet Number of lymph packet

Predictors Estimates CI p value Estimates std. Beta p value
(Intercept) 9.142 8.204–10.080 < 0.001 2.956 2.623–3.288 < 0.001
Terminus MLD −0.597 −1.460–0.267 0.174 0.044 −0.410–0.499 0.848
UE MLD −0.457 −1.320–0.407 0.298 2.733 2.278–3.188 < 0.001
LLLT −1.219 −2.083 – −0.356 0.006 −1.111 −1.566 – −0.656 < 0.001
MLD, manual lymphatic drainage; LLLT, low level laser therapy

Fig. 4  Intra group analysis comparison of changes in lymph packet velocity and count across intervention periods
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systematic reviews related to LLLT treatment parameters 
used for lymphedema the wavelengths are mostly around 
900 nm [15]. As a result, the pooled effect size within-group 
and between-groups in the fixed-effect model for volume 
reduction was moderately reduced. However, if we look 
back at the effects of various low-level lasers in lymph-
edema, we can see differences in the tissue targeting even 
within lymphedema, that is, whether skin fibrosis or the 
lymph node, superficial and deep lymphatics therefore the 
optimal wavelength of LLLT could be different depending 
on targeting tissue. The evidence for the effect of reducing 
edema at the endpoint immediately after treatment is valid. 
Our data confirmed a decrease in body water content imme-
diately after LLLT at both wavelengths, but no significant 
difference was observed between the groups. Therefore, 
extended clinical research can be conducted to evaluate the 
difference in LLLT effects by various parameters, including 
wavelength, targeting tissues, energy density, pulse dura-
tion, and spot size during treatment in the patient group.

Lastly, this study is the first clinical trial to confirm the 
effectiveness of LLLT through the quantitative assessment 
of dynamic lymphatic motility using ICG lymphography. No 
significant results related to the effect of LLLT were found 
in this study. This requires further validation through addi-
tional proves with objective imaging modality in the patient 
group to determine whether LLLT applied to the axillary 
lymph nodes ultimately improves lymphatic drainage by 
enhancing lymphatic motoricity. Furthermore, the imaging 
modality can be used to evaluate the effect of LLLT applied 
to various areas of lymphedema in the patient group. Clini-
cal studies, such as those on the status of dermal backflow 
and the appearance of collateral pathways, could be con-
ducted to verify the effectiveness of treatment through vari-
ous outcome measurements of ICG lymphography.

This study had some limitations. First, comprehensively 
evaluating the treatment effects was challenging because 
only healthy participants were included, and only a single 
intervention was administered to each participant. Consis-
tent treatment would have provided a better comparison of 
treatment efficacy. Second, the results cannot be directly 
applied to patients or interpreted because this study was 
conducted on healthy volunteers. This study is the first 
randomized controlled trial to simultaneously derive quan-
titative data from ICG lymphography after LLLT; hence, 
the data from this study can serve as baseline values ​​for 
future research involving patient groups. In addition, we 
were unable to set up a sham-control group in this study 
in the discussion. Otherwise, resting period were allocated 
between each intervention for intragroup analysis to com-
pare the status of lymph flow before, after, and between the 
intervention. As a result, the changes in lymphatic flow dur-
ing LLLT did not show difference or superiority over other 

LLLT is proved as an effective treatment modality for 
various symptoms especially reducing edema of upper limb 
lymphedema [11]. Although there was various clinical trials 
to improve these effectiveness, extensive heterogeneity in 
laser therapy regimens among studies was resulted incon-
sistent conclusion [32]. Furthermore, confirming the long-
term effects of LLLT without continuous treatment is still 
inconclusive [15]. Therefore, it is necessary to determine 
by additional clinical studies and objective data to prove 
the effect of LLLT according to the severity of the pat-
ents group, optimal laser parameters for lymphedema and 
its long-term effect. In this study, the overall TDC values ​​
of the participants decreased in body water values ​​in most 
areas immediately after LLLT. Otherwise, no difference was 
observed in the effect depending on the laser wavelength. 
Furthermore, when the direct lymph velocity and number of 
lymph packets were measured through quantitative analy-
sis, LLLT did not directly affect lymph velocity. In addition, 
while UE MLD consistently increased lymphatic activity, 
LLLT was unexpectedly associated with a reduction in both 
the velocity and number of lymph packets, suggesting a pos-
sible short-term suppressive effect. Despite prior assump-
tions that LLLT would enhance lymphatic flow, our data 
consistently showed no intergroup advantage and an overall 
negative correlation between LLLT and lymphatic function, 
regardless of wavelength. This result can be interpreted as 
factors related to the characteristics of normal participant 
rather than a treatment effect. As some amount of lymph 
fluid was manually drained through UE MLD before LLLT 
in healthy participants without lymphatic dysfunction, the 
period right after UE MLD, when no additional lymph pro-
duction occurred, may have resulted in a temporary decrease 
in lymph packets during LLLT. In addition, the physiologic 
rationale for the decrease in lymphatic contraction after 
LLLT is consistent with nitric oxide (NO) mediated modu-
lation and flow feedback in lymphatics. LLLT is known to 
increased bioavailable NO which exerts a negative chrono-
tropic effect when shear stress is elevated after UE MLD 
[33, 34]. Therefore, in healthy participants where lymphatic 
pumping is adequate, LLLT may have induced rise in NO 
and transiently suppressed pumping not to decrease net 
clearing. In contrast, LLLT main exerts anti-inflammatory 
and lymphangiogenesis on pathologic state in lymphedema, 
thereby improving pumping capacity [35]. Regarding the 
mechanistic plausibility and population-specific effect of 
LLLT, randomized, clinical trial in lymphedema population 
are warranted.

Recommended wavelength used clinically differs accord-
ing to the tissue indication of low-power laser treatment. 
Different wavelengths of LLLT were applied depending on 
the target tissue in the range of 500–1000 nm, from, skin to 
collagen formation, subcutaneous fat and mucosa. Recent 

1 3

  486   Page 8 of 10



Lasers in Medical Science          (2025) 40:486 

Competing interests  The authors have no competing interests to de-
clare that are relevant to the content of this article.

Open Access   This article is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License, 
which permits any non-commercial use, sharing, distribution and 
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if you modified the licensed 
material. You do not have permission under this licence to share 
adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to 
the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regu-
lation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit ​
h​t​t​p​:​​​/​​/​c​r​e​a​t​i​​v​e​c​​o​m​m​o​​n​​s​.​​o​r​​​g​/​l​​i​c​e​​n​s​​e​​s​/​​​b​y​​-​n​c​​-​​n​d​/​4​.​0​/.

References

1.	 Anbari AB, Wanchai A, Armer JM (2021) Breast cancer-related 
lymphedema and quality of life: a qualitative analysis over years 
of survivorship. Chronic Illn 17(3):257–268

2.	 Basha MA et al (2022) Effect of exercise mode on physical func-
tion and quality of life in breast cancer–related lymphedema: a 
randomized trial. Support Care Cancer 1–10

3.	 Jørgensen MG et al (2021) The impact of lymphedema on health-
related quality of life up to 10 years after breast cancer treatment. 
NPJ Breast Cancer 7(1):70

4.	 Yilmaz SS, Ayhan FF (2023) The randomized controlled study 
of low-level laser therapy, kinesio-taping and manual lymphatic 
drainage in patients with stage II breast cancer-related lymph-
edema. Eur J Breast Health 19(1):34

5.	 Bergmann A, Baiocchi JMT, Andrade MFCd (2021) Conserva-
tive treatment of lymphedema: the state of the art. J Vasc Bras 
20:e20200091

6.	 Huang Y-Y et al (2009) Biphasic dose response in low level light 
therapy. Dose Response 7(4):09–27

7.	 Smith KC (2005) Laser (and LED) therapy is phototherapy. Pho-
tomed Laser Ther 23(1):78–80

8.	 Dirican A et al (2011) The short-term effects of low-level laser 
therapy in the management of breast-cancer-related lymphedema. 
Support Care Cancer 19:685–690

9.	 Jang D-H et al (2016) Anti-inflammatory and lymphangiogenetic 
effects of low-level laser therapy on lymphedema in an experi-
mental mouse tail model. Lasers Med Sci 31:289–296

10.	 Mayrovitz HN, Davey S (2011) Changes in tissue water and 
indentation resistance of lymphedematous limbs accompany-
ing low level laser therapy (LLLT) of fibrotic skin. Lymphology 
44(4):168–177

11.	 Wang Y et al (2022) The effectiveness and safety of low-level laser 
therapy on breast cancer–related lymphedema: an overview and 
update of systematic reviews. Lasers Med Sci 37(3):1389–1413

12.	 de Pauli Paglioni M et al (2019) Tumor safety and side effects 
of photobiomodulation therapy used for prevention and manage-
ment of cancer treatment toxicities. A systematic review. Oral 
Oncol 93:21–28

13.	 Farhan F et al (2023) Investigation of the effect of low-level laser 
therapy on arm lymphedema in breast cancer patients: a nonin-
vasive treatment for an intractable morbidity. Health Sci Rep 
6(5):e1261

14.	 Wahid DI et al (2024) The effication of low-level laser ther-
apy, Kinesio taping, and endermology on post-mastectomy 

interventions without LLLT. Finally, this study did not com-
pare the effectiveness of LLLT on the various parts of the 
upper extremities. A future study should be conducted to 
compare the effectiveness of LLLT in various areas, target-
ing patient groups in addition to the axillary area. In this 
study, LLLT was applied to the axillary site, the most com-
monly applied region, because of its mechanism of facilitat-
ing lymphatic drainage of the axillary area and preventing 
lymph node fibrosis. To apply the best practice of LLLT 
to patients with lymphedema, further verification of the 
effect of LLLT depending on the target area and severity of 
lymphedema is necessary. Additionally, a protocol for tar-
geting focal fibrosis in patients with chronic lymphedema 
and its effectiveness based on the treatment session could 
be applied.

Conclusion

In this study, we quantitatively evaluated the lymphatic 
motility and tissue water content after different types of 
LLLT in healthy participants. A single application of LLLT 
to the healthy subjects showed no direct effect on lymphatic 
motility. Therefore, to validate the reliability of the treat-
ment effects of LLLT on lymphedema, it is essential to ver-
ify its impact in patient groups using ICG lymphography. In 
addition, clinical studies to prove the differences in LLLT 
effects by wavelength in patient groups and the effective-
ness of LLLT based on various targeted areas of lymph-
edema is needed.

Data availability  All data supporting the findings of this 
study are available within the paper and its figures & tables.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​1​0​3​-​0​
2​5​-​0​4​7​4​4​-​w.

Author contributions  Conceptualization, Hasuk Bae, Jae Yong Jeon, 
Jin A Yoon; methodology, Hasuk Bae, Jae Yong Jeon, Jin A Yoon; 
validation, Hasuk Bae, Jae Yong Jeon, Jin A Yoon; data collection, Su 
Hong, Choi, Min-Hyung Rhee, Ye Ji Kim, In Joo Kong, Ju-Ri Eom, Jin 
A Yoon; investigation, Su Hong, Choi, Min-Hyung Rhee, Ye Ji Kim, In 
Joo Kong, Ju-Ri Eom, Jin A Yoon; writing—original draft preparation, 
Jin A Yoon; writing—review and editing, Hasuk Bae, Jae Yong Jeon, 
Jin A Yoon; supervision, Hasuk Bae, Jae Yong Jeon, Jin A Yoon;. All 
authors have read and agreed to the published version of the manu-
script.

Funding  No funding was received for conducting this study.

Declarations

Informed consent  All patients signed an informed written consent for 
participation and photography. 

1 3

Page 9 of 10    486 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1007/s10103-025-04744-w
https://doi.org/10.1007/s10103-025-04744-w


Lasers in Medical Science          (2025) 40:486 

25.	 Liu M et al (2022) Using the indocyanine green (ICG) lymphog-
raphy to screen breast cancer patients at high risk for lymph-
edema. Diagnostics 12(4):983

26.	 Groenlund JH et al (2017) A validation study of near-infrared 
fluorescence imaging of lymphatic vessels in humans. Lymphat 
Res Biol 15(3):227–234

27.	 Vargo M et al (2024) Current diagnostic and quantitative tech-
niques in the field of lymphedema management: a critical review. 
Med Oncol 41(10):241

28.	 Bae SH et al (2020) Bioimpedance analysis for predicting out-
comes of complex decongestive therapy for gynecological can-
cer related lymphedema: a feasibility study. Ann Rehabil Med 
44(3):238

29.	 Karlsson K et al (2022) Tissue dielectric constant and water 
displacement method can detect changes of mild breast cancer-
related arm lymphedema. Lymphat Res Biol 20(3):325–334

30.	 Toro C, Markarian B, Mayrovitz HN (2024) Breast Cancer-
Related Lymphedema Assess Via Tissue Dielectric Constant 
Measurements Cureus, 16(4)

31.	 De Vrieze T et al (2020) Reliability of the moisturemeterd com-
pact device and the pitting test to evaluate local tissue water in 
subjects with breast cancer-related lymphedema. Lymphat Res 
Biol 18(2):116–128

32.	 Chiu S-T et al (2023) Effect of various photobiomodulation regi-
mens on breast cancer-related lymphedema: a systematic review 
and meta-analysis. Lasers Med Sci 39(1):11

33.	 Kashiwagi S et al (2023) Photobiomodulation and nitric oxide 
signaling. Nitric Oxide 130:58–68

34.	 Scallan JP et al (2016) Lymphatic pumping: mechanics, mecha-
nisms and malfunction. J Physiol 594(20):5749–5768

35.	 Jang D-H et al (2016) Anti-inflammatory and lymphangiogenetic 
effects of low-level laser therapy on lymphedema in an experi-
mental mouse tail model. Lasers Med Sci 31(2):289–296

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

lymphedema: a systematic review and meta-analysis. Asian Pac J 
Cancer Prev 25(11):3771–3779

15.	 Mahmood D et al (2022) Clinical application of low-level laser 
therapy (photo-biomodulation therapy) in the management of 
breast cancer-related lymphedema: a systematic review. BMC 
Cancer 22(1):937

16.	 Lau RW, Cheing GL (2009) Managing postmastectomy lymph-
edema with low-level laser therapy. Photomed Laser Surg 
27(5):763–769

17.	 Bramlett O et al (2014) The Long-Term effects of low level laser 
therapy (LLLT) combined with complex decongestive therapy 
(CDT) in the treatment of breast cancer lymphedema: A Double-
Blind, Randomized, Placebo-Controlled study

18.	 Storz MA et al (2017) Photobiomodulation therapy in breast can-
cer-related lymphedema: a randomized placebo‐controlled trial. 
Photodermatol Photoimmunol Photomed 33(1):32–40

19.	 Baxter GD et al (2018) Low level laser therapy for the manage-
ment of breast cancer-related lymphedema: a randomized con-
trolled feasibility study. Lasers Surg Med 50(9):924–932

20.	 Kilmartin L et al (2020) Complementary low-level laser therapy 
for breast cancer-related lymphedema: a pilot, double-blind, ran-
domized, placebo-controlled study. Lasers Med Sci 35:95–105

21.	 Smoot B et al (2015) Effect of low-level laser therapy on pain 
and swelling in women with breast cancer-related lymphedema: a 
systematic review and meta-analysis. J Cancer Surviv 9:287–304

22.	 Devoogdt N et al (2023) The effectiveness of fluoroscopy-guided 
manual lymph drainage as part of decongestive lymphatic therapy 
on the superficial lymphatic architecture in patients with breast 
cancer-related lymphoedema: a randomised controlled trial. Can-
cers 15(5):1545

23.	 Yamamoto T, Yamamoto N (2022) Indocyanine green lymphog-
raphy for evaluation of breast lymphedema secondary to breast 
cancer treatments. J Reconstr Microsurg 38(08):630–636

24.	 Yamamoto T (2024) Near-Infrared fluorescent lymphography 
using ICG, in Supermicrosurgical lymphaticovenular anastomo-
sis. Springer, pp 61–68

1 3

  486   Page 10 of 10


	﻿Comparing the direct effect of lymphatic dynamic transport after lower-level laser therapy in healthy volunteers: a randomized controlled trial
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Participants
	﻿Intervention
	﻿Assessment
	﻿ICG ﻿lymphography﻿ [﻿23﻿–﻿25﻿]


	﻿MFBIA
	﻿Local tissue water measurement [﻿29﻿, ﻿30﻿]

	﻿Statistical analysis
	﻿Result
	﻿Baseline characteristics
	﻿Changes in tissue water content and bioimpedance
	﻿Lymphatic velocity and packet count changes
	﻿Linear mixed model analysis
	﻿Discussion
	﻿Conclusion
	﻿Data availability



	﻿References


