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Abstract

Objectives: Instrument-assisted soft tissue mobilization and massage therapy are manual techniques that claim
to increase blood flow to treated areas, yet no data on these techniques are available. This study sought to
compare the effects of the Graston Technique� (GT) and massage therapy on calf blood flow, using skin
temperature measures on the lower leg.
Design: Single-blinded prospective, longitudinal, controlled, repeated-measures design.
Setting: Research laboratory.
Participants: Twenty-eight participants (mean age, 23 – 3 years; 14 men and 14 women; mean calf girth, 39.5 –
4.31 cm; calf skinfold thickness, 27.9 – 5.6 cm).
Interventions: Each participant received 10-minute treatments (massage or GT) on two separate sessions, with
the untreated leg as a control.
Outcome measures: Baseline skin temperature of the calf was measured before treatment and again every 5
minutes after treatment for a total of 60 minutes. Differences between the 4 treatment conditions (GT, GT
control, massage, and massage control) performed 13 times were evaluated with a repeated-measures analysis
of variance. Significance was set a priori at p < 0.05.
Results: Significant differences with Greenhouse-Geisser corrections were seen between conditions (F2.4,61.2 =
39.252; p < 0.001; effect size [ES] = 0.602) and time (F2.1,54.4 = 192.8; p < 0.001; ES = 0.881), but the main effect
was not significant (F2.1,53.5 = 2.944; p = 0.060; 1 - b = 0.558). The massage condition (32.05 – 0.16�C) yielded
significantly higher skin temperatures than did massage control (30.53 – 0.14�C; p < 0.001), GT (31.11 – 0.20�C;
p < 0.001), and GT control (30.32 – 0.14�C; p < 0.001) conditions. Significant differences in time occurred: The
temperatures at 5 minutes (30.21 – 0.12�C), 10 minutes (31.00 – 0.30�C), and 15 minutes (31.65 – 0.12�C) showed
significant increases ( p < 0.001). Peak temperature was achieved at 25 minutes after treatment (31.76 – 0.12�C).
Conclusion: Massage and GT increased skin temperature. A rise in temperature theoretically indicates an
increase in blood flow to the area.

Introduction

Instrument-assisted soft tissue mobilization and mas-
sage therapy are manual therapy techniques aimed at in-

creasing blood flow to areas in the body treated by a
clinician.1–8 Many researchers and clinicians have investi-
gated the effects of massage on blood flow, but the results
have been controversial and inconclusive.1–3,9,10 No studies
in humans have investigated the effect of instrument-assisted
soft tissue mobilization techniques on blood flow.

Instrument-assisted soft tissue mobilization uses instruments
to apply a force and detect soft tissue lesions during treatment.
It was originated thousands of years ago with the development
of gua sha, a scraping technique leading to light bruising.8,11–13

Massage involves different strokes and hand motions per-

formed to achieve a therapeutic goal.9,14–16 These goals range
from increasing blood flow to tissues, helping to prevent blood
clotting, reducing swelling, reducing discomfort associated
with muscle spasms, improving flexibility, increasing skin and
muscle temperature, and decreasing the effects of delayed-
onset muscle soreness.1,14,15–17 Instrument-assisted and mas-
sage therapy techniques are used frequently to break down
myofascial adhesions in the connective tissue in the body.
These restrictions usually involve the adhesion of two struc-
tures that do not allow for normal fiber mobility and circulation
to occur.18–21 Therefore, by breaking down myofascial adhe-
sions, theoretically blood flow is increased.6,8,18–21 However,
this clinical effect in humans has yet to be determined.

Previous research on instrument-assisted mobilization
research in rodents found improved healing.22 In that study,
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the Graston Technique,� a method of instrument-assisted
soft tissue mobilization performed with stainless steel instru-
ments (potentially a variation of up to six instruments), was
performed 1 week after injury for three sessions each week for
3 weeks. The rodents were observed for the effects of healing
and collagen formation on ligaments.22 No significant chan-
ges were found at 5, 10, 15, and 20 minutes post-treatment,
but a significant change was found 24 hours post-treatment
and 1 week after the final treatment session.22 These results
demonstrated a change in collagen fibers and healing, which
suggest an increase in blood flow to the areas treated with
the Graston Technique.

Several studies have attempted researching the effects of
blood flow after massage, but the outcomes are controversial
because of the measurement techniques used.1–3,9,10,23 When
the effects of massage and light touch on skin temperature
were investigated, the researchers measured skin temperature
changes using dynamic infrared thermography in the neck
and shoulders.1 The skin temperature changes were signifi-
cant for the massage group when compared with the control
and light touch groups. In a study using subdermal thermis-
tors placed in the vastus lateralis to evaluate three different
massage conditions (5, 10, and 20 min) and a 5-minute ul-
trasound treatment, the massage conditions indicated a sig-
nificantly greater temperature change (at 1.5 and 2.5 cm deep)
compared with the 5-minute ultrasound treatment.24

Few studies have compared massage with instrument-
assisted soft tissue techniques. Therefore, the purposes of
the current study are to (1) study the effects of the Graston
Technique and massage therapy on calf blood flow after
treatment applied to the lower leg and (2) compare any dif-
ferences in calf blood flow measures between the two treat-
ment groups.

Materials and Methods

Participants

Twenty-eight healthy volunteers participated in the study
(mean – standard deviation, 23 – 3 years; 14 men and 14
women; calf girth, 39.5 – 4.31 cm; calf skinfold thickness,
27.9 – 5.6 cm). Participants were excluded if they had had any
lower leg injuries in the past 6 months or possessed any
absolute or relative contraindications for instrument-assisted
soft tissue mobilization and massage therapy. All participants
provided written informed consent and completed a health
history questionnaire before participating. Every participant
scheduled two visits that took place a minimum of 3 days
apart. The university’s institutional review board approved
this study.

Procedures

This study used a single-blinded prospective, longitudi-
nal, controlled, repeated-measures design. During the first
session, each participant was randomly assigned to the
Graston Technique or to massage therapy (Fig. 1). In a similar
manner, each participant’s treatment leg was randomly se-
lected while the other leg served as the control leg. Each
participant was asked to return a minimum of 3 days after the
first treatment. During both sessions, the contralateral leg was
used as the control. During the first visit, calf skinfold and calf
girth measurements were taken for both legs. Skinfold thick-
ness was measured by using a Harpenden skinfold caliper, and
the calf muscle’s greatest girth was measured to the nearest
millimeter. Calf girth was measured by using a standard
measuring tape and was also taken to the nearest millimeter.
For both skinfold and girth measurements, participants were

FIG. 1. Methods flowchart. BP, blood pressure; HHQ, health history questionnaire.
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seated on a stool with both feet on the ground; their knees
were relaxed and at approximately 90� of flexion. All partic-
ipants were barefoot, and measurements were taken three
times; the average value was calculated and recorded.

During each visit (Fig. 2), participants’ pulse and blood
pressure were measured to make sure treatment began at
resting values. A standard blood pressure cuff and stethoscope
were used for blood pressure measurements. Participants res-
ted prone on a treatment table, and the calf area was cleaned
with an alcohol pad. Skin temperatures of both legs were
measured by placing a wireless VitalSense� (BMedical,
Milton, Australia) dermal temperature patch on the midpoint
of the gastrocnemius on each leg. The VitalSense monitor was
used to activate each new VitalSense dermal temperature
patch. Each dermal temperature patch had a unique ID number
and an internal battery. For each patch skin temperature data
were tracked and recorded approximately every 5 minutes.

After the baseline skin temperature value was recorded,
the patch was removed and a 10-minute treatment (Graston
Technique [Fig. 3] or massage therapy) was performed on
the randomly chosen leg. The participant’s calf was cleaned
with a towel to remove the emollient, and the skin tem-
perature patch was placed again on the mid-calf section.
Skin temperatures were measured immediately after treat-

ment and every 5 minutes thereafter for a total of 60 minutes
after treatment. The first session was concluded after the 60-
minute post-treatment measurement. During the second data
collection session, the treatment and control legs were the
opposite of those used during the first treatment session.

Statistical analysis

As noted above, baseline skin temperature on the calf was
measured before treatment, and again every 5 minutes after
treatment for a total of 60 minutes. Differences were evaluated
between conditions (4) and time (13) with a repeated-measures
analysis of variance. Significance was set at p < 0.05 a priori.
A Greenhouse-Geisser correction was used to correct for
violations of sphericity (an assumption that the differences
between all possible pairs are equal). Data were analyzed using
Statistical Package for Windows (SPSS 20; IBM, Armonk,
New York).

Results

Significant differences with Greenhouse-Geisser correc-
tions were identified between conditions (F2.4,61.2 = 39.252;
p < 0.001; ES = 0.602) and time (F2.1,54.4 = 192.8; p < 0.001;
ES = 0.881), but no significant main effect was achieved
(F2.1,53.5 = 2.944; p = 0.060; 1 - b = 0.558). The massage con-
dition (32.05 – 0.16�C) yielded significantly higher skin tem-
peratures compared with the massage control (30.53 – 0.14�C;
p < 0.001), Graston Technique (31.11 – 0.20; p < 0.001), and
its control (30.32 – 0.14; p < 0.001) condition. Only the control
conditions were not significantly different from one another
( p = 0.189). Significant differences in time were seen; the
baseline temperature (25.83 – 0.30�C) acquired before treat-
ment was significantly lower than all other temperature mea-
surements ( p < 0.001). Moreover, temperatures at 5 minutes
(30.21 – 0.12�C), 10 minutes (31.00 – 0.30�C), and 15 minutes
(31.65 – 0.12�C) showed significant increases ( p < 0.001).

FIG. 2. Procedures timeline.

FIG. 3. Graston Technique instruments (Graston Tech-
nique LLC, Indianapolis, IN). U.S. Patent 5231977 in 1993.
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After 15 minutes, the skin temperatures continued to rise and
each time point was statistically different from the baseline
and up to the 25-minute peak temperature (31.76 – 0.12�C),
but these differences were not clinically significant differences
( < 0.80�C).25

Discussion

This study demonstrated that massage and Graston Tech-
nique increased skin temperature. A rise in skin temperature
theoretically indicates an increase in blood flow to the area.
Massage had a higher temperature increase compared with
Graston Technique, but both techniques increased tempera-
ture consistently for up to 25 minutes after treatment. The key
finding of this study was that the massage condition produced
clinically significant, higher skin temperatures when com-
pared with all other conditions. Significant changes were also
found between the control and Graston Technique conditions.
These results suggest that a 10-minute soft tissue mobilization
treatment (regardless of whether instruments are used) can
increase skin temperature and peripheral blood flow to areas
receiving treatment and surrounding areas. For both tech-
niques, the changes in skin temperature increased immedi-
ately after treatment; they continued to increase and peaked at
25 minutes after treatment (Fig. 4). Skin temperatures never
returned to baseline after 60 minutes of data collection. They
remained 5–6�C higher than pretreatment temperatures in all
conditions.

The control conditions did not differ significantly from one
another, and even though treatment was not directly applied,
both increased in temperature immediately alongside the
treatment leg. The massage treatment legs (33.041 – 0.179�C)
caused a 1.77�C (5.4%) increase in skin temperature differ-
ence from the massage condition legs (31.267 – 0.129�C). The
legs treated with the Graston Technique (31.831 – 0.205�C)
caused a 0.84�C (2.6%) increase in skin temperature differ-
ence from the control condition (30.988 – 0.139�C). The
changes and increase in temperatures for the control legs did

not result from heat conducted directly from the massage
therapist’s hands or the instruments to the leg, but instead
suggest an increase in blood flow and peripheral perfusion to
surrounding areas and the limb opposite the one treated.
According to Goats, when massage or connective tissue
massage is applied to one limb, blood flow will increase on
the other one because of a manual stimulation and triggering
of cutaneovisceral reflexes that cause vasodilation.14 Goats
and Barr et al. suggest an effect on the sympathetic autonomic
system and physiologic effects that are independent of any
change in blood flow occurring on the opposite limb and areas
surrounding the treatment site.26,27

The other studies of both Graston Technique and massage
have demonstrated increased tissue temperature, although
the means for measurement have diffed.1,14,24,26,27 Some of
the other investigations also saw increases in tissue tem-
perature, including tissue temperature rises in related areas
as well.1 These findings are consistent with ours, yet further
exploration of these physiologic effects is warranted.

Limitations

This study measured skin temperature as an indirect mea-
sure of peripheral blood flow. The findings suggest that blood
flow is increasing in the area treated, yet more direct methods
of assessment may corroborate the findings. Further, the depth
of tissue temperature changes was unknown. Future research
is needed to study the effects of massage and the Graston
Technique or other instrument-assisted techniques on blood
flow during treatment.

Conclusion

This study demonstrated that a 10-minute massage and
Graston Technique treatment increase skin temperature on
the body part being treated. A rise in temperature theoreti-
cally indicates an increase in blood flow to the area. An
increase in blood flow stimulates nutrients and oxygen to

FIG. 4. Comparison of mean skin temperature and treatment conditions over time.
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tissues in the body, as well as increases tissue mobility and
flexibility. Massage demonstrated a higher temperature in-
crease than did the Graston Technique, but both techniques
increased temperature consistently for up to 25 minutes after
treatment. Further research is needed to conclude how
deeply this temperature and blood flow increase is occurring
in the muscle tissue. Potential future research ideas could
include the comparison of instrument-assisted techniques
and massage with an active warm-up or passive methods of
thermotherapy. This study suggests that if a clinician’s
therapeutic goal is to increase temperature and blood flow,
both massage and Graston Technique would be good treat-
ment choices, with massage yielding significantly higher
temperature and blood flow.
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