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Effects of Manual Lymph Drainage on the Activity of Sh/mpathet_ic
Nervous System, Anxiety, Pain, and Pressure Pain Threshold in
Subjects with Psychological Stress

Sung-Joong Kim

Department of Physical Therapy, College of Health Science, Kangwon National University

Purpose: The aim of this study was to investigate the effects of manual lymph drainage (MLD) on the activity of sympathetic
nervous system, anxiety, pain and pressure pain threshold in subjects with psychological stress.

Methods: Twenty-nine subjects with psychological stress were randomly assigned to experimental (MLD) and control (rest)
groups. This study was performed as a controlled, randomized study using spectral analysis of electrocardiographic (ECG) activities,
the State-Trait Anxiety Inventory (STAI), Visual Analogue Scale (VAS) and Pressure Pain Threshold (PPT).

Results: Heart rate variability differed significantly between the experimental and control groups (p<0.05). Anxiety and pain
showed positive change in both group but it were not showed statically differences. The pressure pain threshold in the upper

trapezius muscle was increased in the experimental group (p<0.05).

Conclusion: These findings indicate that the application of MLD was effective in reducing the activity of the sympathetic nervous
system, anxiety, pain, and increasing the PPT
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l. Introduction

Psychological stress is one of the most frequent complaints
made by not only normal people but also patients,’ Such
stress can be divided into positive stress (eustress) such as joy
or pleasure and negative stress (distress) caused by anxiety,
restlessness, and others, Most people face difficulties in
psychological, physical, and social aspects due to negative
stress,”™

Although it is psychological stress, it directly and indirectly
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induces physical illness followed by negative emotional state
and then cause tension, anxiety, anger, frustration, and
others.” Once people are under stress with such negative
influence, body goes through recovery process by homeostasis
to restore physical condition and assist normal growth of cell,
With continuous exertion of stress or chronic stress, however,
the activity of autonomic nervous system is not reduced
and thus becomes more susceptible to infection.”” Due to
such reasons, psychological stress may bring about illness
to normal people and furthermore delay physical recovery of
patients with infection or under healing process,"*

In the field of physical therapy, not only physical treatment
but also various approaches to reduce stress in mental aspect
may become another method to assist physical treatment
at the end, Since numerous sensory receptors are placed on

the skin, there are various physical therapies that can induce
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positive emotion through adequate stimulation of skin, Manual
lymph drainage (MLD) among them is one of representative
physical treatment technique which can increase physical
mmunity and accelerate the recovery through not only body
fluid control of dermal layer, removal of metabolites, and
others but also emotional well-being, decrease in sympathetic
nerve activity, and others by stimulating the dermis with
abundant distribution of sensory receptors rather than
applying strong pressure to the core,”

MLD is one of manual therapies created by physical
therapist Dr, Vodder, Although it is a sector of physical
therapy, its application is completely different from normal
nmas.sage,9 it is composed of 4 basic strokes (stationary circle,
scoop, pump, and rotary) for very smooth and light application
to broad area of skin, Many studies have been conducted on
the effect of MLD and it is applied to various fields including
medicine, aesthetics, and others,”

Although many studies have been conducted regarding
effect of normal massage on stress, no study has been
conducted regarding the effect of MLD on the activity of
sympathetic nervous system, anxiety, pain and pain threshold
of people with psychological stress, Accordingly, purpose of
this study lies in examining the effect of MLLD on people with
psychological stress,

[1. Methods

1. Subjects

111 physically healthy adult male and female participated as
the subject of this study. In regards to the criteria for subject
screening, the subjects with stress were screened primarily by
mstructing those without mental illness, not under medication
that can influence electrocardiogram (ECG) signal, and without
heart or muscle related diseases to answer stress response
Inventory (SRI) developed by Koh et al** used as stress
screening index, This survey is composed of 39 questions
on stress related situation (namely, emotional, cognitive,
physical, or behavioral) and those with stress were selected
as the subject of this study as a result of survey, Then, the
29 subjects with over 80 points in final stress response survey
were to participate in this experiment (Table 1). Subject of
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this study was randomly divided into two groups and assigned
to either experimental (MLD) group or control (rest) group.
All subjects were to participate in experiment after voluntarily
signing the informed consent,

Table 1. Homogeneity test for general characteristics (n=29)

Group

Variable

MLD (n=15) rest (n=14)
Age (yrs) 21.3 £ 2.1 219+ 1.2
Sex (Male/Female) 2/14 2/13
Height (cm) 164.5 + 8.7 165.2 £ 9.5
Weight (kg) 57.3+9.4 585+ 7.0
Body Mass Index (kg/m?) 224+ 40 219 £52
SRI scores 833+ 28 827+t 138

MLD: Manual lymph drainage, SRI: stress responses inventory.

2. Measurement tools

1) ECG

The change in autonomic nerve followed by the change in
stress was quantitatively assessed with heart rate variability
which is used as objective index™ " for emotional response
toward the stimulation, ECG signal was to be displayed in
2 channel monitor and circumstances of experiment was
controlled and the data was saved using laptop computer,
ECG signal was digitalized at 256 Hz using 12—bit analog—
to—digital converter and TeleScan software package (LAXTHA,
Daejeon, Korea) which detects the point of R waves
appearance was used for processing, Heart rate variability was
caleulated using power spectrum analysis (frequency domain).
ECG variable was used as data value through designation
as following, Low frequency and high frequency rate were
calculated based on the result of power spectrum analysis,

2) The State-Trait Anxiety Inventory (STAI)

STAI is most commonly used surveys on state—trait anxiety18
and it is composed of 20 items regarding current state
of experiment participants, The degree of anxiety was to
be expressed in format of “not anxious”, ‘little anxious’,
“anxious”, and “very anxious’. In regards to STAI total
point of STAI ranges from 20 to 80 and increase in point
signifies higher anxiety index, "
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3) Visual Analogue Scale (VAS)

In regards to the intensity of pain, degree of pain felt from
upper trapezius muscle was measured using 10—mm visual
analog scale (VAS). From the scale from O to 10, it was set
so that O signifies no pain and 10 signify intolerable pain,
Participants were to express the degree of pain at each
measurement, Reliability for visual analog scale of pain is very
high presenting r=0,99" and it is also reported to present
very high construct validity,”

4) Pressure Pain Threshold (PPT)

In regards to the pressure pain, change in muscular tension
associated with change in autonomic nervous system
followed by psychological stress was measured using pressure
pain threshold measurement recommended by Fisher and
Fluegee™, Fisher et al® using pressure algometer (Algometer
Commander, JTECH Medical, USA). After explaining the
experiment procedure, subjects were comfortably seated to a
chair which enables upright posture, Researcher measured
the pressure generated from the point of intolerable pain
occurrence after gradual increase of pressure at speed of about
0.5 kg/s to trigger point of upper trapezius muscle on both
sides and it was used as pressure pain threshold, After three
measurements at same location, analysis was conducted using
average value calculated from both sides of trapezius muscle,
After measuring with same method with the application of
MLD, it was used as a value to compare before and after
application of MLD,

3. Intervention

1) Experimental environment

All experiments were conducted on massage table in supine
position with pillow under the knee for maximum relaxation of
lumbar muscles, In order to minimize environmental effect at
data collection and MLD application, indoor temperature was
maintained at 22~24°C with silence, Activity of sympathetic
nerve was controlled by regulating the conversation, phone
conversation and other noise, Participants were instructed
to take comfortable rest at least 5 minutes before basic data
collection and ECG was conducted for 5 minutes before the
execution of MLD,
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2) Intervention procedure

Participants were applied of same methods to neck for 15
minutes under supine position accordingly with the procedure,
All MLD was applied with same order and time based on MLD
guideline” by physical therapist who receives certified education
from Dr. Vodder's School, It takes 7 minutes for total application
and it was executed twice in order to bring about better
treatment effect, MLD was executed with focus on lymphatic
system on both sides of neck and parts with vagal ganglion
distribution in this study and maximum skin stretch was induced
as gently as possible, Same environment and condition were set
for control group and participants were to take comfortable rest
with same length as MLD application time,

4, Statistical analysis

Data are given as mean £ SD values, All variables were tested
for normality using the one—sample Kolmogorov—Smirnov
test and did have a normal distribution, An unpaired t—test
was used to test for homogeneity and to compare the MLD
and rest groups for differences in variables after intervention,
The collected data were analyzed using a statistical package
program (SPSS ver. 19.0). A two—tailed probability of p<0.05
was considered statistically significant,

lll. Results

1. The activities of sympathetic nervous system

Comparing before and after experiment using LF and HF of
ECG, deceased the activity of sympathetic nervous system and
increased the activity of parasympathetic nervous system both
MLD and rest group, Moreover, it showed significantly change
in MLD group, LF/HF ratio was significantly increased in the
MLD group than in the rest group (Table 2).

2.STAI

Comparing before and after experiment using state—trait
anxiety inventory, decrease in anxiety was presented in
both MLD group and rest group, However, it did not present
statistically significant difference (Table 3).

3. Pain
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Table 2. The immediate effects of MLD on activity of sympathetic nervous system (n=29)

MLD group(n=15)

rest group (n=14)

Parameter o
M + SD M + SD
LF power (msz) of pre-treatment 740.42 + 353.54 848.32 + 265.13 0.82
LF power (ms?) of post-treatment 642.13 £ 227.38 823.52 + 324.81 0.01*
HF power (ms?) of pre-treatment 601.15 £ 217.21 586.21 + 153.35 0.72
HF power (ms”) of post-treatment 632.75 £+ 289.12 601.12 + 185.14 0.04*
LF/HF ratio of pre-treatment 1.25 £ 0.34 1.37 £ 0.54 0.85
LF/HF ratio of post-treatment 1.18 £ 0.23 1.31 £0.14 0.03*
MLD: manual lymph drainage.
M: mean, SD: standard deviation, LF: low frequency, HF: high frequency.
*significant different compared with the value of rest group at p<0.05.
Table 3. The immediate effects of MLD on anxiety (n=29)
MLD group(n=15) rest group (n=14)
Parameter p
M £ SD M £ SD
Scores of pre-treatment 4524 + 3.21 4485 + 4.12 0.67
Scores of post-treatment 39.47 £ 5.97 41.39 + 4.35 0.21
MLD: manual lymph drainage.
Table 4. The immediate effects of MLD on activity of sympathetic nervous system (n=29)
MLD group(n=15) rest group (n=14)
Parameter o]
M + SD M + SD
VAS score of pre-treatment 54+ 12 53+14 0.12
VAS score of post-treatment 52+ 1.1 52+09 0.25
PPT of pre-treatment (kg/cm?) 2432 + 3.3 2445 + 2.5 0.18
PPT of post-treatment (kg/cm?) 26.54 £ 2.7 2328 £ 4.3 0.03*

MLD: manual lymph drainage.

M: mean, SD: standard deviation, VAS: visual analogue scale, PPT: pressure pain threshold.

*significant different compared with the value of rest group at p<0.05.

As a result of comparing the degree of pain in upper trapezius
muscle using VAS, MLD group presented the decrease from
5.4+1.2 t0 5.2+ 1.1 and rest group presented the change of
5.2%0.9 after application from 5,3+ 1,4, However, it did not
present statistically significant difference in both groups (Table
4),

4.PPT

Change in muscular tension based on change in autonomic
nervous system was examined through change in PPT
regarding the intervention, Threshold of MLD group
increased from 24.32+3.3 to 26.54+2.7 before and after
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the intervention and threshold of rest group did not present
distinctive change presenting change from 24.45+2.5 to
23.28+4 3. Pressure pain threshold of MLD group after
Intervention presented statistically significant difference then
rest group (Table 4).

[V. Discussion

The purpose of this study lies in examining the effect of
MLD on activity of sympathetic nervous system, anxiety,
pain, and PPT of people with psychological stress, Although
there was a previous study” examining the effect of MLD on
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autonomic nervous system and pain, it was conducted with
normal people as its subject, Clinical significance of this study
considered to be great as no study has been conducted on
people which psychological stress, Consideration on conducted
research is as following,

Analysis using heart beat variability is used as very sensitive
index presenting the activity of autonomic nervous system
which provides quantitative information on mechanism of
autonomic nerve control,™""**" Significant difference was
presented for LF and LF/HF ratio between two groups after
the intervention, LF value in MLD group was significantly
lowered compared to that of control group and there was
increase in LF/HF ratio and HF value, This signifies that
application of MLD to neck was effective in decreasing the
activity of sympathetic nervous system compared to control
group which only took rest although application method and
time was different compared to previous study” conducted
with normal people as its subject, In general, HF value
between 0,15 and 0,4 Hz is indirect index of parasympathetic
(vagus) nerve flowing into the heart and LF value is associated
with a wave known as Mayer waves relevant to blood pressure
control, It is applicable to 0.1 Hz and used as index which
reflects activity of sympathetic nerve,"'® LF/HF ratio of MLD
group presented statistically significant decrease compared to
that of control group in this study and it signifies the increase
in activity for parasympathetic nerve of heart, Based on
previous findings” of research which suggests that increase
in activity of parasympathetic nerve increases the relaxation
of overall body, it signifies that there has been a neurological
change when adequate stimulation has been exerted to body
with application of MLD,

Both MLD group and rest group showed a general decrease
in immediate effects of STAI scores, STAI scores in the MLD
group were significantly reduced in anxiety compared with the
rest group, But, there were no significant differences between
the groups after intervention, Our findings are probably the
result of an increased relaxation response and an overall
reduction in the defence—arousal (stress) response as a result
of MLD, possibly mediated by increased parasympathetic
and decreased sympathetic activity. Field et al.” reported

that moderate pressure massage contributed to increased
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dopamine which leads to decreased norepinephrine levels;
there anxiety levels are decreased.” Since MLD is a kind of
very gentle pressure massage, it is possible that the same
mechanism was at least partly responsible for the decrease in
anxiety observed in this study, Pain change on MLD group
was not significantly showed, But, it was generally decreased
after intervention on both groups, Especially in MLD group,
MLD may increase pain—relieving neurotransmitters such as
serotonin which leads to decreased pain intensity, Serotonin
has been noted to increase following massage therapy in
several pain syndrome.”

Immediately after MLD and rest, MLD group showed a
general increase in pressure pain threshold, It means that
the MLD group showed a significantly greater reduction in
muscle tension on upper trapezius when compared to the rest
group, MLD may be able to decrease sympathetic responses
and increase parasympathetic responses in the neuromuscular
system (sympathicolytic action). Light rhythmic stimulation
such as MLD of the skin on nociceptive receptors may have
a pain—inhibiting effect,”” In the gate control theory of pain,
Wall and Melzack31 explain how light mechanical stimulation
can help to reduce the intensity of pain, Many clinical
applications of the algometer have been documented, including
evaluation® and identification of trigger points, and evaluation
of pain sensitivity,”** The PPT of a muscle is the pressure
level at which the patient reports that the feeling of pressure
changes into a painful sensation,” Autonomic nerves extend
to all parts of the skin; blood vessels, lymphatic vessels, and
soft connective tissue ground substance, Signals from the
special senses acting via the limbic system and hypothalamus

9,32 :
** The improvement

influence the responses of the ANS,
in pain threshold following MLD are probably due to an
increased relaxation response and an overall reduction in the
defense—arousal (stress) responses, and are possibly mediated
by increased parasympathetic activity,

The present study shows that MLD is a safe and
noninvasive technique that is effective in inducing relaxation
in normal subjects, It is a relatively simple technique to
learn, and under correct instruction could be taught to the
caregivers of patients who could benefit from MLD, Whilst it

is imprudent to generalize from a healthy population to those
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with disease, certain conditions are characterized by increased
sympathetic tone and reduced HRV, and these conditions
might show a relaxation response following MLD that may
benefit the sympathovagal balance,

There were some limitations of this study including the lack
of subjects and therapist blinding, However, it is because of
the nature of treatments which make it difficult to conduct,
Future studies may use the other treatment in the control
group and replicate the present finding with other types of
subjects,

In conclusion, the present study was the report of the
immediate effects on the activity of sympathetic nervous
system, anxiety, pain, and PPT using ECG, STAIL, VAS and
pressure pain algometer, The study provides insight into
physiological changes of reduction of psychological stress with
MLD, These findings reveal that 15—min of MLD at the neck
region produces increase of parasympathetic nerve activity,
decrease of anxiety and increase in pressure pain threshold, It
is recommended that MLD be considered as one of the manual

therapies for stress in subjects with psychological stress,
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