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Abstract.
BACKGROUND: A massage can be beneficial to relieve muscle tension on the neck and shoulder area. Various massage
systems have been developed, but their motions are not uniform throughout different body parts nor specifically targeted to the
neck and shoulder areas.
OBJECTIVE: Pressure pattern and finger movement trajectories of the circular friction hand massage on trapezius, levator
scapulae, and deltoid muscles were determined to develop a massage system that can mimic the motion and the pressure of the
circular friction massage.
METHODS: During the massage, finger movement trajectories were measured using a 3D motion capture system, and finger
pressures were simultaneously obtained using a grip pressure sensor.
RESULTS: Results showed that each muscle had different finger movement trajectory and pressure pattern. The trapezius
muscle experienced a higher pressure, longer massage time (duration of pressurization), and larger pressure-time integral than
the other muscles.
CONCLUSIONS: These results could be useful to design a better massage system simulating human finger movements.
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1. Introduction

Technological advancements have drastically decreased the physical activity among people. The con-
sequent decrease of muscle mass and quantity might have caused cramps, stiffness, and sometimes adhe-
sive capsulitis in muscles. In particular, people working in the office with insufficient exercise frequently
experience pain in their neck and shoulders due to the muscle contraction caused by chronic stress [1].
Exercises such as stretching or massage are beneficial to relieve the muscle tension, and professional
help (i.e., expert massage or physical therapy) might be also needed in case of severe pain.

Studies in the early 90’s revealed that massage directly stimulates blood circulation in muscles, skin,
and cartilage [2–6]. Moreover, studies during the late 90’s showed that massage assisted rehabilitation
by stimulating human body’s metabolism and removing body wastes [7–10]. Cafarelli and Flint [11]
also suggested that massage stimulates the peripheral nerves of muscles and thus improves its recovery
by increasing blood and lymph circulation.
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Fig. 1. Experimental setting with grip pressure sensor and reflective markers.

Recently, well-being has been considered as a high priority. To satisfy the increased demand for home
health machines and massage systems, lately developed devices imitate motions of hand massage; how-
ever, their motions are not uniform throughout different body parts nor specifically targeted to the neck
and shoulder areas. Though massage produces positive effects in blood circulation, stimulation, relax-
ation, reflex, and congest [12], mechanical massage systems are less effective than professional hand
massage and sometimes result in painful suffering.

Typical massage techniques are based on effleurage (stroking), friction, petrissage (kneading), vibra-
tion, tapotement (hacking, tapping, clapping, and beating), rolling and so on. They can be further divided
into 23 methods considering variations of intensity and area of application. However, existing massage
systems utilize friction, tapotement, and vibration only, thus their effects are limited in comparison with
the professional hand massage. Especially, sports massage generally adopts the circular friction massage
technique [12,13]. In this study, hand motion and finger pressure were simultaneously measured during
the circular friction massage on trapezius, levator scapulae, and deltoids near neck and shoulders areas.
Then, movement trajectories and pressure distribution were compared among those muscles.

2. Subjects and methods

2.1. Subjects

A professional male sports masseur, an expert in the circular friction massage, participated in this
study. Five males were recruited, who showed no sign of injury or pathological diagnosis on their upper
bodies. Their age, mass, and height were 27.5 ± 4.3 years, 73.4 ± 8.6 kg, and 173.3 ± 4.1 cm, respec-
tively. The subjects were prone while the masseur used his weight to apply sufficient pressure during
the massage. The masseur practiced sufficiently before the actual measurements. All participants pro-
vided their informed written consents which were approved by the Institutional Review Board of Yonsei
University.

2.2. Experimental methods

A grip pressure sensor and reflected markers were attached to the masseur’s hand with double-sided
tapes. Based on the marker set of Zhang et al. [14], as shown in Fig. 1, nineteen spherical reflective mark-
ers of 6.4 mm diameter were attached on finger joints and on the top of the grip sensors at fingertips. Two
markers at the wrist were excluded, since the wrist motion is minimal in the circular friction massage.
In addition, reflective markers were placed to C7, T10, CLAV, LSHO, LUPA, RSHO, and RUPA (Fig. 1
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Table 1
Additional reflective markers in the upper body

Abbreviation Full name Position
C7 7th cervical vertebrae Spinous process of the 7th cervical vertebrae
T10 10th thoracic vertebrae Spinous process of the 10th thoracic vertebrae
CLAV Clavicle Jugular notch where the clavicles meet the sternum
LSHO Left shoulder Placed on the acromioclavicular joint
LUPA Left upper arm Place on the upper arm between elbow and shoulder markers
RSHO Right shoulder Placed on the acromioclavicular joint
RUPA Right upper arm Place on the upper arm between elbow and shoulder markers

Table 2
Trajectories for different locations based on ellisoids

(mm)
Trapezius Levator scapulae Anterior deltoid Middle deltoid Posterior deltoid

Long-axis 12.0 ± 2.3 14.0 ± 1.1 12.8 ± 2.4 6.5 ± 1.3 8.2 ± 1.0
Short-axis 9.0 ± 1.3 13.7 ± 1.2 11.0 ± 3.1 4.9 ± 2.1 6.6 ± 1.7
Ratio (L/S) 1.32 ± 0.16 1.02 ± 0.07 1.19 ± 0.18 1.33 ± 0.14 1.25 ± 0.13

*Ratio (L/S) means ratio between long-axis and short-axis.

and Table 1) to determine massage locations in the upper body. The marker trajectories were recorded
using the 3D motion capture system (Vicon MX system, Vicon Motion System, Ltd, UK) with 10 in-
frared cameras (Vicon MX-T40) at a sampling rate of 120 Hz. Pressure distributions were measured
using a grip pressure sensor (Grip EDGE 4256E, Tekscan, Inc., USA) and cuff (Versatek Cuff, Tekscan,
Inc., USA). The dimensions of the grip pressure sensor was 1.6 cm × 1.6 cm on the tip of the thumb.

The target of the circular friction massage consisted of 17 points: 3 points on levator scapulae, 5 points
on trapezius, and 9 points on deltoid. The massage was continuously applied 6 times to each point. Both
pressing and releasing motions were averaged every cycle. Assuming that the other fingers except the
thumb provide only support to the hand but less massage effect, only trajectories of the thumb were
analyzed in this study.

2.3. Statistical analysis

One-way ANOVA test was performed to compare peak pressures and durations of five different mas-
sage locations with Tukey’s HSD post hoc test. All statistical analyses were performed with IBM SPSS
Statistics (Version 20, IBM, USA), and the significance level (p) was set at 0.05.

3. Results

3.1. Massage motion

The trajectories of the thumb looked like an ellipsoid around the massage area. Trajectories in trapez-
ius and middle deltoid resembled more an ellipsoid, but trajectories in levator scapulae were close to a
circle. The masseur used different massage skills to different locations. Since trapezius muscle is stiffer
than the other muscles, the masseur moved his thumb more strongly along the muscle fiber direction.
For levator scapulae, however, he moved the thumb more softly in a circular shape to avoid subjects to
get pain. Table 2 represents the marker trajectories for different locations based on ellipsoids (Table 2).
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Table 3
Relationship between peak pressure and time for different locations

(mm)
Trapezius Levator scapulae Anterior deltoid Middle deltoid Posterior deltoid

Pressure (kPa) 124.52 ± 19.55 74.53 ± 11.06 82.15 ± 5.34 75.66 ± 6.68 76.98 ± 4.22
Duration (sec) 1.18 ± 0.32* 0.73 ± 0.11† 0.91 ± 0.04 0.80 ± 0.07 0.75 ± 0.05

∗, †Significantly different from the other four muscles (p < 0.05).

Table 4
Pressure-time integral (PTI) for different massage locations

(kPa.sec)
Trapezius Levator scapulae Anterior deltoid Middle deltoid Posterior deltoid
92.8 ± 24.0* 39.0 ± 8.9† 57.4 ± 11.7 51.0 ± 8.0 55.3 ± 3.9

∗, †Significantly different from the other four muscles (p < 0.05).

(a) in pressing (b) in releasing

Fig. 2. Peak pressure for different massage locations, *significant difference with p < 0.05.

3.2. Massage pressure

The peak pressure depended on the location of the massage. Figure 2 shows peak pressures for differ-
ent massage locations. Significantly high pressure was observed in trapezius than in the other locations.
Levator scapulae showed significantly low peak pressure than the other locations.

The duration (time) of each massage cycle depended on the location of the massage. Longer massage
time was noted in trapezius than in the other locations. The massage time of levator scapulae showed
significant difference from anterior and middle deltoids. No significant difference in the massage time
for each cycle was found between anterior and middle deltoids. In addition, massage time correlated
positively with the peak pressure (r2 = 0.93); higher pressure with longer massage time (Table 3).

Table 4 represents the pressure-time integral (PTI) for different massage locations. The trapezius
showed the largest PTI, but levator scapulae showed the smallest.

4. Discussion and conclusion

The circular friction massage on trapezius, deltoid, and levator scapulae near the neck and shoulders
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resulted in different pressure patterns and movement trajectories among different muscles. To patients
with myofascial pain syndrome at trapezius and levator scapulae, Fernández et al. [15] applied the is-
chemic compression technique and transverse friction massage at the trigger point of each patient with
pressures tantamount to the pressure pain threshold. Then, they assessed the patient’s pain level accord-
ing to the visual analogue scale, and found that it had significantly decreased from 4.9 to 0.7. Their study
demonstrated the efficacy of the massage by conducting various types of massage with predetermined
pressures to patients. In contrast, this study targeted healthy subjects to acquire the magnitude of pres-
sure, duration of pressurization, and motion data of each point in three muscle groups. Lee et al. [16]
evaluated the period and the magnitude of pressurization trials by using thin pressure sensors attached
to fingers. In contrast, the finger motion analysis and quantitative massage pressure measurements were
more systematically applied in the present study.

The resultant trajectory of the thumb’s tip looked like an ellipse. The ratios of the long-axis to the
short-axis of the elliptical trajectories were similar within points on the same locations. This means
that the masseur’s hand motion is differed by the structure of the muscle. The pressure and motion
of the massage were dependent on the posture and the instant feedback of both the subject and the
masseur. Consequently, masseurs would vary pressure, motion, and the number of repetition in response
to the subject’s instant feedback. Therefore, to acquire a generalized pattern for the massage, ample
discussion with the masseur was made prior to the trials to apply motions and pressures based on the
masseur’s experience. The circular friction method, prevalent in hand massages, utilizes only the thumb
tip. Therefore, the shape and area of the tip of the massage might be important factors, since those are
related with massage pressure.

In summary, massage motion, which is the trajectory of the masseur’s thumb, looked like an ellipsoid
in all muscles except levator scapulae. Long-axis of finger movement trajectories were along the muscle
fiber direction. Trajectories in the levator scapulae were close to a circle. Peak pressure on trapezius was
higher than the other muscles, but levator scapulae had significantly low pressure among all muscles in
releasing pressure. Also, trapezius showed significantly long duration (time) of each massage cycle and
large pressure-time integral. Levator scapulae showed significantly short duration of each massage cycle
and small pressure-time integral. The shape and the area of the tip of the massage might be important
factors in the circular friction massage. These results could be useful to develop a massage system that
can mimic the motion and the pressure of the circular friction massage.
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