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Abstract

Cupping therapy has been widely used for clinical treatment of soft tissue lesions. The current
study investigated the effects of cupping therapy on biomechanical properties of the skin in Wistar
rats. 20 rats were divided into two groups: 10 in experimental and 10 in control group. Either the
right or the left lower quadrants of the lumbar regions in the experimental group underwent 10
minutes daily cupping therapy for 12 days. The skin stiffness and ultimate tensile strength of all
the rats were measured using tensiometer. The skin stiffness and ultimate tensile strength were
decreased significantly in cupping side of the experimental group as compared with the non-cup-
ping side and the control group. There were no significant differences between the non-cupping
side of the experimental group and the control group. In conclusion, cupping therapy can be useful
as a treatment method to reduce the skin stiffness and ultimate tensile strength.
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1. Introduction

In most Asian countries, Central Europe and parts of Africa, cupping therapy has been used as a non-invasive
physical therapy to relieve pain and reduce the symptoms of many diseases [1] [2]. Cupping therapy is the ap-
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plication of vacuum in one or more bell-shaped cups by means of heat or suction on different parts of the body
or specific areas (meridians or acupuncture points) of the skin [3]. In many studies, a variety of effects of cup-
ping therapy have been reported [3] [4]. Cupping therapy results in compressive stress of the soft tissue under
the rim of the cup and the soft tissue enclosed by the cup is in tensile stress. Such stress may result in displace-
ment in the layers of the cutaneous tissue and at the interface between the fat and muscle layers [5]. Thus, the
amount of negative pressure and the area under the cup (diameter of the cup) may significantly affect the dis-
placement of the layers and the interface. Certain research studies indicate that in cupping therapy, selecting the
cup in appropriate diameter, applying sufficient negative pressure within the cup and considering the duration of
cupping therapy are the important factors affecting the outcome of the treatment measure [5]-[11].

The diameter is regarded as an important factor in cupping therapy. Tham et al. studied the effects of cupping
therapy on different skin layers from biomechanical perspective using the cups in different diameters (35, 50 and
65 mm). The results of Tham et al. study indicated that increasing the aperture diameter on the suction device
led to larger stresses at different tissue layers leading to larger tissue displacements and uplifts. Also, according
to Tham et al. study, the cup should be as large as the anatomical location for which treatment is sought and the
cups with rounded rim and diameters in the range of about 38 mm to 50.8 mm are commonly used in cupping
therapy [5]. Hendriks study also demonstrated that as the aperture diameter of the cup decreased, the effect of
the suction on the papillary dermis layer (the superficial layer) increased. However, as the aperture diameter of
the cup increased, both papillary and reticular dermis (the deeper layer) layers were drawn into the cup [11].

The vacuum pressure is another issue that has been discussed in various studies [5]-[11]. According to Tham
et al. study, increasing the vacuum pressure can increase the negative pressure in a bulb-shaped region under the
centre of the cup, increasing the tensile stress and pulling the deeper layers into the cup [5]. The results of Tham
et al. study were in agreement with those of Hendriks study, in that, Hendriks found that decreasing the vacuum
pressure could bring only the superior soft layer (superficial tissue) into the cup, so displacement of the deeper
layers was less [11].

The duration of cupping therapy is another factor warranting consideration. The results of the study examin-
ing the effects of external forces on the skin show that the external forces with low or medium duration are more
appropriate for the skin. However, injuries secondary to external forces with low or medium duration may hap-
pen, but it is reversible [12]. The duration of cupping therapy has been reported to be typically between 5 - 20
minutes. However, most studies have maintained the cup on the skin for an average of 10 minutes [5] [6].

Stiffness and ultimate tensile strength are biomechanical properties of the skin. Stiffness is the rigidity of tis-
sue against the external forces measured by modulus of elasticity and measuring linear slope of the elastic part
of the stress-strain curve. If the slope of the stress-strain curve is gradual and the modulus of elasticity is low,
the stiffness also will be low and vice versa [13] [14]. Ultimate tensile strength is the maximum strength of tis-
sue against the tensile stress that is the highest point of the stress-strain curve [15] [16]. Schneider et al. ex-
amined the biomechanical changes of expanded skin conducted on pigs and found out that tissue expanders
could reduce the skin stiffness and tensile strength [17]. It has been reported that the histological and histomor-
phological changes due to the tensile stress can change the biomechanical properties of the skin [18] [19].

The cupping therapy results in mobilizing and stretching of the skin and deeper soft tissue by pulling them
into the cup and away from underlying structures [20] [21]. However, what happens to the underlying structures
in terms of the biomechanical properties of the skin is not well known and most studies examined the effects of
cupping therapy on relieving the symptoms of diseases [1]-[22] rather than its biomechanical effects. The pur-
pose of the present study was to examine the effects of cupping therapy on the skin stiffness and ultimate tensile
strength in Wistar rats.

2. Materials and Methods

An experimental study was designed in that 20 healthy male Wistar rats, eight weeks old and with a mean
weight of 300 to 350 g were selected by the conveniencenon-probability sampling method and were randomly
assigned into two equal groups: experimental and control. All the rats were obtained from the Department of
Anatomy, Tehran University of Medical Sciences, Tehran, Iran. The rats were maintained under controlled
temperature of 25°C + 3°C in 12 h light/12h darkness schedule. Food and tap water were freely available in the
cages. The study was approved by the Institutional Medical Ethics Committee of Tehran University. The rats
who developed any diseases or skin injuries were excluded from the study.

The equipment for cupping therapy included a plastic cup, a hand-pump to create negative pressure and a



M. M. Roostayi et al.

gauge to control the amount of negative pressure. The gauge was calibrated in the center of control (Yeka In-
strumentation Engineering Company) to ensure the reliability and accuracy of the measurement. The results
were compared with the Mc-Leod gauge.

In the experimental group, five rats randomly received cupping on the right lower quadrant of the dorsal re-
gion and the other five on the left. So, the contralateral side of the cupping receiving side was considered as
non-cupping receiving side in the experimental group. The aim of selecting the control group was comparing the
skin stiffness and ultimate tensile strength in the cupping receiving and non-cupping receiving sides of the expe-
rimental group with the skin stiffness and ultimate tensile strength in the control group.

The rats were prepared for the study by an animal expert to keep them in right position and a clean green cloth
was put on their eyes to relax them. The hair of the cupping receiving side was cut carefully every three days by
haircut machine (Mozer made in Germany) due to natural growth of the hair. Then, an ultrasonic gel was rubbed
on the rim of the cup to increase the interface between the cup and the skin and not letting the air going into the
up. According to Tham et al. recommendation [5], the cup diameter was selected based on the extent of cupping
receiving side (D = 4 cm) and was placed perpendicular on the involved area. A pilot study was conducted on
four rats to find out the tolerable negative pressure with no ecchymosis or skin damage which was discovered to
be 20 mmHg. Thus, the negative pressure created up to 20 mmHg to take the skin enough into the cup and the
pressure was kept equal in all the sessions of cupping therapy. So, the cupping receiving side of the experimen-
tal group was cupped for 10 min over 12 consecutive sessions. On day 12, the hair of the rats in the non-cupping
receiving side of the experimental group and control group was cut completely by the haircut machine. Of the 10
rats in the control group, five rats were randomly selected for skin sampling from the right lower quadrant and
the remaining rats for left lower quadrant. Then, the rats were languished by ether in a closed container and were
anesthetized using the insulin syringe of 0.2 cc per 100 g of body weight intra-peritoneal injection of a 9:1 ratio
mixture solution of ketamine hydrochloride 10% (100 mg/kg; Imalgéne 1000®, Rhéne Mérieux, Lyon, France)
andxylazine 2% (20 mg/kg; Sigma Chemical Co., Madrid, Spain). The skin of the rats in all groups was marked
by a marker and a ruler in the length of 7 cm and width of 2 cm in axial direction, so that the cupping receiving
side was in the middle. The marked skin samples were separated from the body using scissors and clamp and the
lumpy edges of the skin samples were cut by scalpel smoothly and regularly. The skin samples were placed in
separate labeled petri dishes containing normal saline 0%/9% and were taken to Department of Physical Therapy,
Biomechanical Research Laboratory, Tarbiat Modares University, Tehran, Iran in less than 3 h. The biomechan-
ical parameters of the skin such as stiffness and ultimate tensile strength were assessed with a tensiometer
(Zwick/Roell 2/5, Germany) that its calibration had been confirmed already. At the end of the skin sampling
procedure, all the anesthetized rats were sacrified by atlanto-occipital dislocation and were delivered to the De-
partment of Anatomy, Tehran University of Medical Sciences, Tehran, Iran. Tensiometery was carried out by an
experienced personnel in Biomechanical Research Laboratory, Tarbiat Modares University, Tehran, Iran.

Dimensions of the skin samples (width, length and diameter) were measured using a digital caliper (£0.01 mm,
Absolute Digimatic #500-197, Mitutoyo Corp., Kawasaki, Japan) and the relevant information was recorded on
the software. The skin sample was fixed in the upright position between the two clamps of the tensiometer, so that
the cupped site was located in the middle. The distance between the two clamps was 3 cm and the ends of the skin
sample were placed between two sandpapers to prevent from slipping during tension. Before the main tensile test,
a little tension (preload) was applied to take the slack of the skin sample. Tensiometery was done along the longi-
tudinal axis of the skin sample and at a speed of 20 mm/min and the stress-strain curve was obtained.

In this study, Shapiro-wilk test was used to examine the quantitative variables and Levene’s test was used to
examine the equality of variances. The experimental and control groups were compared using independent sam-
ple t-test and the skin of the cupping receiving side and non-cupping receiving side in the experimental group
was compared using paired sample t-test. All analyses were performed using SPSS version 18 (SPSS Inc, Chi-
cago, IL, USA) and charting was done by Excel 2007 (Excel 2007; Microsoft Corp., Redmond, WA, USA). A p
value < 0.05 was considered to be statistically significant.

3. Results

In this study, the skin stiffness and ultimate tensile strength in Wistar rats were assessed and compared both be-
tween and among groups. Descriptive statistics for the skin stiffness and ultimate tensile strength are shown in
Table 1 in different groups. The Shapiro-Wilk test showed that the data distribution had a normal distribution (P =
0.132) and the equality of variances was accepted by the Leven’s test (P = 0.223).
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Table 1. Descriptive statistics for the skin stiffness and ultimate tensile strength in different groups.

Variables Groups Sample size Mean Star_lda_lrd Minimum Maximum
deviation
Skin Control 10 4.33 1.01 3.33 5.36
stiffness non-cupping 10 4.46 1.49 3.01 5.93
cupping 10 2.98 1.29 1.63 4.33
Ultimate tensile Control 10 3.61 0.71 2.92 4.32
strenath non-cupping 10 3.80 1.18 2.61 5

g cupping 10 2.47 0.97 1.55 3.41

Independent sample t-test assuming equal variances showed that the skin stiffness and ultimate tensile
strength between the non-cupping receiving side in the experimental group and control group had no statistically
significant differences (P = 0.813, P = 0.668). Paired sample t-test was used to compare the efficacy of the cup-
ping therapy between the cupping receiving side and non-cupping receiving side in the experimental group. It
was indicated that the skin stiffness and ultimate tensile strength in the cupping receiving side of the experimen-
tal group decreased significantly (P = 0.048, P = 0.029). For more analysis, independent sample t-test was used
to compare the skin stiffness and ultimate tensile strength between the cupping receiving side of the experimen-
tal group and control group. The results indicated that cupping therapy decreased the skin stiffness and ultimate
tensile strength in the cupping receiving side of the experimental group (P = 0.018, P = 0.008). Diagram 1 and
Diagram 2 present the mean skin stiffness and ultimate tensile strength in the control, non-cupping receiving
and cupping receiving groups.

O = N W & 0 3O ~N

control non-cupping receiving  cupping receiving

Diagram 1. Mean stiffness in the control, non-cupping receiving and cupping receiv-
ing groups.

0 T T
control non-cupping receiving cupping receiving

Diagram 2. Mean ultimate tensile strength in the control, non-cupping receiving and

cupping receiving groups.
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4. Discussion

The purpose of the study was to examine the effects of cupping therapy on the skin stiffness and ultimate tensile
strength in Wistar rats. According to the results of the study, cupping therapy decreased the skin stiffness and ul-
timate tensile strength significantly which has also been shown in Schneider et al. study [17]. While the results
were the same, pulling directions of the skin were different in the two studies. In the present study, the tensile
stresses pulled the skin in all directions, while in Schneider et al. study [17] the tensile stresses were in two op-
posite directions. It suggests that the direction of stress may have no effect on the skin stiffness and ultimate ten-
sile strength.

In the present study, the effects of cupping therapy on biomechanical properties of the skin were studied with
constant size of the cup (D = 4 cm) and constant negative pressure (20 mmHg). The results of some studies in-
dicated that increasing the aperture diameter on the suction device leads to larger stresses at different tissue lay-
ers, larger tissue displacements and uplifts [5]-[11]. So, it is expected that cupping therapy with the larger cup
size could change the biomechanical properties of the skin in different deep layers which warrants further stu-
dies. It has also been reported that increasing the vacuum pressure results in increasing the tensile stresses in a
bulb-shaped region under the center of the cup and the increased pressure draws the deeper layers into the cup
[5]. Therefore, increasing the vacuum pressure during cupping therapy may result in different changes on bio-
mechanical properties of the skin which requires further investigation.

Our findings showed that the skin stiffness decreased in cupping receiving side of the experimental group
which has also been indicated in Panjabi et al. study [23]. So, it seems that cupping could lead to softening the
adhesions and releasing the tissues by decreasing the skin stiffness and increasing the flexibility. Thus, we may
recommend using cupping therapy for relieving scar tissue, reducing adhesions and improving immobility.

According to the results of the present study, the skin stiffness and modulus of elasticity in cupping receiving
side of the experimental group decreased significantly. Our findings do not support those of Argenta et al. [19]
and Xu et al. [24] studies, in that they reported an increase in the skin stiffness and ultimate tensile strength due
to increased amount of collagen. One possible explanation for this discrepancy is that the kind and direction of
tensile stresses are different between the current study and above studies. Another explanation may be related to
the direction of pulling the skin, in that in our study, the skin was pulled in all directions but in Argenta et al.
and Xu et al. studies, the skin was pulled in two different directions.

We recommend further studies to evaluate the effects of cupping therapy on the skin and underlying tissues
from histological and histomorphological perspectives and also on different skin layers using the cups with dif-
ferent diameters, durations and pressures. We also recommend further investigations regarding the effects of
cupping therapy on increasing the joint range of motion and the skin adhesions after injuries and surgeries. In
our study, the effects of tensile stress caused by negative pressure have been evaluated just on the skin, but ac-
cording to the Tham et al. study based on the effects of tensile stress on deeper tissue layers [5], it is likely that
cupping can affect the limitation of the motion secondary to soft tissue stiffness.

5. Conclusion

We can conclude that cupping therapy may be effective in decreasing the skin stiffness and ultimate tensile
strength in Wistar rats. So it may seem that this technique can be used effectively in soft tissue mobilization in
some conditions, such as fascial restrictions and scar tissue.
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