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Comparison of Acute Effects of Classical Massage and Connective Tissue
Massage on Lower Extremity Blood Flow Changes!

fsmail PALALI? Ozlem ALTINDAG?
Abstract

This study aimed to compare the immediate effects of connective tissue massage and classical massage on
lower extremity blood circulation in healthy adults, and to better understand the mechanism of connective
tissue massage. Twenty healthy participants underwent a 40-minute classical massage on the left lower limb.
One week later, the same individuals received a connective tissue massage. Using color Doppler ultrasound,
the diameter, flow velocity, and blood volume of the popliteal and posterior tibial arteries were measured
before and after each session. Both massage methods led to significant increases in blood flow velocity, vessel
diameter, and blood volume (p<0.05). However, connective tissue massage was more effective than classical
massage in increasing the flow velocity and volume in the popliteal artery, as well as the diameter and volume
in the posterior tibial artery (p<0.05). There was no significant difference between the two techniques
regarding the diameter of the popliteal artery and the flow velocity of the posterior tibial artery (p>0.05).
Overall, while both methods improved circulation, connective tissue massage produced greater improvements
in peripheral blood volume, suggesting it may be more beneficial when enhanced vascular response is desired.
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Klasik Masaj ve Konnektif Doku Masaji Uygulamalarimin Alt Ekstremite
Kan Akis Degisiklikleri Uzerine Olan Akut Etkilerinin Karsilastiriimasi

Oz

Bu c¢alisma, saglikli yetiskinlerde konnektif doku masaji ile klasik masajin alt ekstremite kan dolagimi
iizerindeki anlik etkilerini karsilastirmay1 ve konnektif doku masajinin etki mekanizmasini daha iyi anlamay1
amaclamistir. Yirmi saglikli katilimceiya sol alt ekstremiteye 40 dakikalik klasik masaj uygulanmigtir. Bir hafta
sonra ayni bireylere konnektif doku masaji yapilmistir. Popliteal ve posterior tibial arterlerin ¢ap1, kan akis hizi
ve kan hacmi her uygulamadan dnce ve sonra olmak iizere renkli Doppler ultrason ile dl¢iilmiistiir. Her iki
masaj yontemi de kan akig hizi, damar ¢ap1 ve kan hacminde anlamli artis saglamistir (p<0,05). Ancak,
konnektif doku masaj1 popliteal arterdeki akis hiz1 ve hacim ile posterior tibial arterdeki ¢ap ve hacmi klasik
masaja gore daha fazla artirmistir (p<<0,05). Popliteal arter ¢ap1 ile posterior tibial arter akis hizi agisindan iki
yontem arasinda anlamli bir fark bulunmamistir (p>0,05). Genel olarak her iki masaj yontemi de dolagimi
artirsa da, konnektif doku masaji periferik kan hacmini artirmada daha etkilidir. Bu bulgular, terapdotik
hedeflere gore uygun masaj tekniginin se¢ilmesinde klinisyenlere yol gosterebilir.
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INTRODUCTION

Manual therapy, which includes a wide
variety of techniques such as soft tissue
mobilizations, massage, myofascial release,
joint mobilizations or manipulations, and
nerve mobilizations, is defined as a touch-
based conservative treatment approach used to
assess and treat various symptoms and
conditions (Clar et al., 2014; Roura et al.,
2021). Among these techniques, massage is
an ancient practice that has been utilized for
thousands of years for health and wellness
purposes (Rodrigues et al., 2020). Many
massage techniques used in clinical settings
are advantageous due to their affordability,
accessibility, and safety (Er & Yiiksel, 2023).

Massage therapy has the potential to enhance
local and peripheral blood flow and volume,
deliver oxygenated blood to muscles, and
promote muscle relaxation (Portillo-Soto et
al., 2014; Supa’at et al., 2013 ; Walaszek,
2015;). Although it has been reported that
massage can increase blood volume and
improve circulation, findings in the literature
are inconsistent (Portillo-Soto et al., 2014;
Roura et al., 2021; Supa’at et al., 2013; Goats,
1994; Shoemaker et al., 1997). Some studies
have even shown that massage does not
produce significant changes in blood flow
(Shoemaker et al., 1997; Hinds et al., 2004;
Tiidus & Shoemaker, 1995).

Classical massage (CM), also known as
Swedish massage, is widely applied in clinical
settings and primarily targets dermal,
subcutaneous, and muscular tissues. This
technique can cause vasodilation through
blood vessel expansion. Connective tissue
massage (CTM), on the other hand, is a reflex
therapy technique aimed at balancing
sympathetic and parasympathetic components
of the autonomic nervous system Dby
stimulating autonomic nerve pathways
through connective tissue manipulation
(Akbas et al., 2019; Holey & Dixon, 2014;
Yuan et al., 2015). CTM differs from CM in
both its physiological effects and application
technique. Evidence is growing for its
influence on autonomic function (Holey et al.,

2011; Toprak Celenay et al., 2023). Although
not fully conclusive, studies on CTM's
physiological impact suggest it modulates
autonomic nervous activity, particularly in
cardiovascular parameters such as blood
pressure and flow (Bartsch et al., 2021; Holey
& Dixon, 2014; Holey & Dixon, 2018).

Because of their effects on circulation, both
massages are widely used in clinical practice
for therapeutic purposes. However, it is not
known which form is more effective on blood
flow. The aim of this study is to investigate
the acute effects of two different manipulative
methods, CTM and CM, on hemodynamic
changes in the lower extremities in healthy
individuals and to compare the two techniques
in terms of superiority.

METHOD

Participants

According to the power analysis based on
patient and healthy control group data in a
previous study (Taspinar, 2010) in which the
effectiveness of Matrix Rhythm Therapy in
increasing peripheral blood circulation
compared to Classical Massage was
evaluated, a error 0.05, B error 0.15 (power:
0.85), the required minimum sample size was
calculated as 20 for each group.

Twenty healthy volunteers, 8 female and 12
male, aged between 19 and 37 who signed the
Informed Consent Form in Istanbul Erenkdy
Physical Therapy and Rehabilitation Hospital
between November 2017 and December 2018
were enrolled in this study. Approval for the
study was obtained from the Erenkdy Mental
Health and Neurology Training and Research
Hospital Clinical Research Ethics Committee
(number, 27; date, 06.11.2017).

Individuals who had a history of allergies,
neurological or orthopedic disease, smokers,
active athletes, those who were receiving
medical treatment (eg vasodilator drugs),
having regular massage interventions,
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individuals who had a circulation problem,
and those who had a musculoskeletal injury at
least one month before the study were
excluded from the study. Changes in the
popliteal artery and posterior tibial artery’s
diameter, blood flow velocity, and amount of
blood volume were measured with a linear
probe using a color doppler ultrasound device
(MedisonSonoAce X8) before and after the
intervention in all individuals who
participated in the study. All measurements
were 'perormed by a radiologist blinded to
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massage treatments. Flow rate measurements
were evaluated at room temperature (22°C)
and at 30-60°C doppler angle (Figure 1).
Popliteal artery evaluation was made from the
popliteal fossa between the medial and lateral
heads of gastrocnemius muscles. Posterior
tibial artery evaluation was performed on the
ankle behind the medial malleol. The Doppler
insonation angle was kept between 30-60
degrees during the wvelocity measurements
(Hwang, 2017).
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Figure 1. Measurements with color Doppler ultrasonography.

Measurements of the popliteal artery and
posterior tibial artery were included in the
evaluations, and the diameters were measured
from the anterior-posterior cross-section.
Maximum systolic volume was measured in
order to assess the blood volume and the
amount of blood volume was calculated and
recorded by taking into account the mean
value of three measurements in order to
prevent measurement error.

The participants were asked to rest in the bed
for 15 minutes before the massage
intervention and measurements.

Intervention

All patients who were included in the study
were given CM therapy, their measurements
were repeated after the therapy, and then one
week later they were given CTM therapy and
re-evaluated.

Before CM intervention, patients were first
laid on their back and a pillow was placed
under the extremity on which massage was to
be performed. CM was applied on the
quadriceps, biceps femoris, tensor fascia latae,
semimembranosus, semitendinosus, tibialis
anterior, peroneus brevis and longus,
gastrocnemius, the soleus muscles, and the
adductor muscles of the thigh. Typical CM
techniques were used during the intervention,
such as stroking with the palms (effleurage),
friction with the palms, kneading (petrissage),
percussion  (tapotement) and vibration
(Kassolik et al., 2013). Stroking was applied
as 50-60 times and kneading 30 times per
minute. Kneading was applied with circular
movements with fingertips.  During the
massage, hand-skin contact was not
interrupted. Applied in accordance with body
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contours with palms and fingers. The

intervention was continued for 40 minutes.

CTM intervention was applied firstly on the
primary region, i.e. the sacral region, and then
continued to the quadriceps, biceps femoris,
tensor fascia latae, semimembranosus,
semitendinosus, tibialis anterior, peroneus
brevis and longus, gastrocnemius, the soleus
muscles, and the adductor muscles of the
thigh. The intervention commenced with a
series of short strokes over the sacrum,
lumbar spine and posterolateral pelvis, which
were developed into longer paravertebral and
subcostal strokes. It was then completed by
applying strokes to the front of the thigh, the
back of the thigh, and the knee and calf,
respectively. During the intervention, traction
was created between the middle fingers of
both hands and the cutaneous tissues (Yiiksel
et al., 2013). The intervention was conducted
with long and short pulling strokes for 40
minutes. CM and CTM interventions were
performed by the same physiotherapist who
has 8 years of experience in massage.

Data Analysis

The data obtained in the study was analyzed
using the SPSS 20.0 package software.
Descriptive data were presented with

minimum-maximum and mean =* standard
deviation values. Data was not normally
distributed and therefore, nonparametric
statistical methods were selected. The
Wilcoxon Signed Rank Test was used in order
to determine the effectiveness of the methods
employed in the study. The Mann Whitney U
Test was used in order to analyze the
differences between the measured values
before and after the interventions. The
significance level was set as p<0.05 for all
analyzes

RESULTS

20 healthy volunteers, eight females (40%)
and 12 (60%) males, were included in the
study. The age, height, body weight and body
mass index findings of the participants were
presented in (Table 1).

Comparison of the sonographic measurements
of Group 1 (CTM) and Group 2 (CM) before
the therapy revealed that there was no
significant difference between the groups in
terms of blood vessel diameter (D), amount of
blood volume (BV) and mean blood flow
velocity (MBFV) (p>0.05) (Table 2).

Table 1. Demographic Characteristics of the Participants.

Variables n Minimum Maximum Mean

Age (year) 20 19 37 23.75+2.12
Height (cm) 20 157 190 167.77+7.4
Body weight (kg) 20 54 90 62.5+3.53
BMI (kg/m2) 20 19.91 26.02 23.68 +£0.92

BMI: Body Mass Index.

According to the comparison of sonographic
values obtained from the popliteal artery and
posterior tibial artery before and after CM,
blood vessel diameter, blood volume velocity
and amount of blood volume exhibited an
increase that was statistically significant
(p<0.05) (Table 2). According to the

comparison of sonographic values obtained
from the popliteal artery and posterior tibial
artery before and after CTM, blood vessel
diameter, blood flow velocity and amount of
blood volume exhibited an increase that was
statistically significant (p<0.05) (Table 2).
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Table 2. Comparison of Sonographic Values Before and After Massage Interventions (N=20).

. . Before After
Classical Massage Intervention (n=20) MeantSD MeantSD p
Diameter of vessel (mm) 4.7+0.39 5.1+0.44 <0.001*
Popliteal artery Velocity blood mean (cm/sec) 52.3+11.1 56.7£10.2 0.005*
Blood volume (ml/min) 998+202 11344297 0.003*

Diameter of vessel (mm) 3.91+0.51 4.1+£0.47 0.003*

Posterior tibial artery Velocity blood mean (cm/sec) 40.334£9.76 44.214+8.43 0.004*
Blood volume (ml/min) 744+152 820+197 0.002*
. . . Before After
Connective Tissue Massage Intervention (n=20) MeantSD MeantSD p
Diameter of vessel (mm) 4.88+0.29 5.3+0.39 <0.001*
Popliteal artery Velocity blood mean (cm/sec) 53.6+£10.66 62.7£15.6  <0.001*
Blood volume (ml/min) 1040+232.2 1302+331.3 <0.001*

Diameter of vessel (mm) 3.7+0,44 4+0.74 <0.001*
Velocity blood mean (cm/sec) 43.66+7.88 51.749.77 <0.001*
Blood volume (ml/min) 501.1£145 643.3+332 < 0.001*

Posterior tibial artery

SD: Standard Deviation. *: Statistically Significant Difference (p < 0.05)

It was found that the intervention of the CTM
method resulted in a higher increase in the
amount of blood volume per minute through
the popliteal artery and posterior tibial artery
in comparison to the CM method (p<0.05)
(Table 3).

It was observed that the increase in the
diameter of the cross-sectional area of the
popliteal artery was higher after CTM
intervention compared to CM. However, this
increase was not statistically significant
(p>0.05). The increase in the diameter of the

posterior tibial artery was also higher in the
CTM group, and this increase was statistically
significant (p<0.05) (Table 3).

The increase in blood flow velocity through
the popliteal artery was higher after CTM
intervention compared to CM and the
difference was statistically  significant
(p<0.05). Comparing the differences in blood
flow velocity through the posterior tibial
artery, the CTM group exhibited a higher
increase, but it was not statistically significant
(p>0.05) (Table 3).

Table 3. Comparison of Change Values of Hemodynamic Parameters Before and After Intervention

Vessels Parameters CTM (n=20) CM (n=20) p
Difference (A)£SD  Difference(A)+SD
Diameter of vessel (mm) 0.42+0.17 0.38+0.14 0.282
Popliteal artery Velocity blood mean (cm/sec) 9.1£2.4 4.4+1.3 0.009*
Blood volume (ml/min) 262.4+103.8 136+63.8 0.014*
Diameter of vessel (mm) 0.3£0.12 0.19+0.1 0.03*
Posterior tibial artery  Velocity blood mean (cm/sec) 8.04+2.2 3.92+1 0.22
Blood volume (ml/min) 1424+80.7 76+40.3 0.017*

SD: Standard Deviation, CTM: Connective Tissue Massage, CM: Classical Massage. *: Statistically
Significant Difference (p < 0.05)
DISCUSSION and CONCLUSION

There is increasing interest in the use of studies  investigating the  comparative
manipulative soft tissue techniques and in effectiveness of treatment methods applied for
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similar purposes but involving different
mechanisms of action. In the present study,
the acute changes in lower extremity blood
flow following the application of connective
tissue massage (CTM) and classical massage
(CM) were evaluated. As anticipated, both
massage techniques resulted in increased
blood flow to the lower limbs. Among the
two, CTM was found to be superior to CM in
enhancing blood volume in the lower
extremities, increasing the diameter of the
posterior tibial artery, and improving blood
flow in the popliteal artery.

Previous studies have widely reported that
superficial blood vessels dilate and blood flow
velocity increases after massage therapy
(Goats, 1994; Portillo-Soto et al., 2014,
Supa’at et al., 2013; Walaszek, 2015).
Indicators such as localized skin redness or,
more objectively, elevated blood flow
measured via Doppler ultrasonography,
reinforce this assertion. Taspinar et al. (2013)
investigated the effects of matrix rhythm
therapy and CM on blood flow in 15 healthy
participants using color Doppler ultrasound.
According to measurements taken from the
posterior tibial and popliteal arteries, both
treatments enhanced blood volume, vessel
diameter, and flow velocity; however, matrix
rhythm therapy vyielded a greater increase
compared to CM. The literature generally
supports the notion that massage improves
circulation, a view further validated by our
current findings, which showed CTM to be
more effective than CM.

Conversely, several studies have reported that
massage may not significantly influence blood
flow (Hinds et al., 2004; Shoemaker et al.,
1997; Tiidus &  Shoemaker, 1995).
Shoemaker et al. (1997), using Doppler
ultrasound, observed that blood flow
remained unaffected regardless of massage
dosage or intensity. Similarly, Hinds et al.
(2004) found no significant difference in
hemodynamic parameters between the CM
and control groups after exercise. Our study
discusses these contradictory findings in light
of our own data regarding the circulatory
effects of massage therapy.

Massage-induced  vasodilation may be
mediated by several physiological

mechanisms. The literature highlights the
roles of  somatosensory stimulation,
mechanical pressure, nitric oxide (an
endothelium-derived relaxing factor),
prostacyclin,  various local  metabolic
substances, and altered blood gas
concentrations (decreased O: or increased
CO:2) in promoting vascular smooth muscle
relaxation (Baratchi et al., 2017; Espi-Lopez
et al., 2020; Franklin et al., 2014; Karemaker,
2017; Korthuis, 2011; Nelson, 2015; Sato-
Suzuki et al., 2019; Toprak Celenay et al.,
2023; Yamamoto et al, 2018;).
Somatosensory  input  combined  with
improved muscle compliance and the
mechanical compression generated during
massage pulses contribute to increased blood
flow (Espi-Lopez et al., 2020; Nelson, 2015).
The best-established mechanism of massage
therapy involves mechanical pressure-induced
vasodilation leading to enhanced local
perfusion (Franklin et al., 2014; Goats, 1994;
Supa’at et al., 2013;). Franklin et al. (2014)
also demonstrated that a single 30-minute
massage improved brachial artery endothelial
function for up to 48 hours, a phenomenon
known as "conducted vasodilation,” wherein
vasodilation in distal vascular regions rapidly
spreads throughout the vascular network
(Franklin et al., 2014; Nelson, 2015). Similar
mechanisms may have contributed to the
blood flow improvements observed in our
study. These explanatory models are more
frequently cited in the context of CM,
although our results suggest that CTM may
engage similar or additional mechanisms.

To our knowledge, no prior study has directly
compared the effects of CM and CTM on
blood volume. Nevertheless, a study by Bakar
et al. (2014) partially supports our findings.
They examined pressure pain threshold and
muscle relaxation using
electroneuromyography in 45 women with
chronic neck pain following one session of
CM and CTM. CM was effective in reducing
pain, while CTM showed greater effects on
muscle relaxation, which the authors
attributed to enhanced peripheral circulation
and increased blood wvolume. CTM is
considered a manipulative reflex therapy that
stimulates distal autonomic nerve endings via
mechanical traction on connective tissue.
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Although its mechanism of action is not fully
elucidated, CTM is thought to influence the
balance between the sympathetic and
parasympathetic branches of the autonomic
nervous system (Holey & Dixon, 2014).

Blood vessels, except for a few specialized
types, are densely innervated by the
sympathetic nervous system (Karemaker,
2017). Elevated blood flow velocity due to
increased sympathetic tone has been linked to
vascular remodeling (Kontos et al., 2017).
Previous research has demonstrated that
massage therapy can affect autonomic
function, often enhancing parasympathetic
activity (Akbas et al., 2019; Holey & Dixon,
2014 Roura et al., 2021). CTM in particular is
known to reduce sympathetic activity and
activate vasodilator reflexes by mechanically
stimulating connective tissue and associated
cell populations (Akbas et al. 2019; Toprak
Celenay et al., 2023) reported that CTM
significantly reduced blood pressure in
healthy young women, suggesting diminished
sympathetic output. These findings align with
our current results, where CTM was more
effective than CM in enhancing lower
extremity blood volume. This effect may be
attributed to the reflex pathways activated by
CTM rather than direct physiological
mechanisms. Additionally, the sequence in
which the massages were applied—CM
preceding CTM—may have created a
synergistic advantage for CTM. However,
autonomic effects induced by manual therapy
vary depending on treatment site, applied
technique, and the selected measurement
approach. Currently, there is no definitive
evidence clarifying the specificity of
autonomic outcomes based on body region or
technique (Roura et al., 2021).

This study has several limitations. The
relatively small sample size and the absence
of long-term  follow-up  reduce the
generalizability of the findings. The lack of a
control group is another limiting factor.
Additionally, the one-week interval between
the two massage sessions might have allowed
the effects of CM to influence the response to
CTM. Future studies should incorporate a
longer washout period, include a control

group, and use a larger sample to validate
these findings and explore long-term effects.

In conclusion, this study demonstrated that
both classical massage and connective tissue
massage  significantly  increased  lower
extremity blood flow, as measured by color
Doppler ultrasound. CTM was more effective
than CM in enhancing blood volume, vessel
diameter, and blood flow velocity. Given that
improving circulation is a key objective in
musculoskeletal rehabilitation, both massage
modalities can be incorporated into treatment
programs. The results also provide guidance
for clinicians when selecting soft tissue
techniques based on therapeutic goals.
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