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ABSTRACT
Lauren Taylor Holt: The Effects of Different Cupping Therapy Techniques on Hamstring
Extensibility in College Age Males
(Under the direction of Meredith Petschauer)

Context: Hamstring injuries are one of the most common injuries in sports and have
been connected to lack of flexibility.* Several techniques have been researched but each has
limitations in a clinical setting. Cupping therapy has limited research but provides clinical utility
that needs further exploration. Objective: Examine the effects of movement and stationary
cupping on hamstring range of motion (ROM). Design: Experimental cross-over. Patients: 41
physically-active males (age=20.9+1.0). Intervention: Participants were randomly assigned to
the stationary or movement group. Treatments included: movement cupping, movement control,
stationary cupping, and stationary control. Main Outcome Measures: 90/90 passive knee
extension ROM and perceived tightness measured pre and post intervention. Results: For
ROM, the comparison of means showed no significance for group (p=0.306) or treatment
(p=0.072) interactions. Perceived tightness significantly improved from pre to post when
comparing cupping to the controls (p<0.0001). Conclusion: Although ROM did not increase

significantly, participants reported decreased tightness.
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CHAPTER 1: INTRODUCTION

Hamstrings injuries are among the most common in sport.** Decreased flexibility and a
previous history can increase the risk for hamstring injuries.’ Males are also more at risk due to
increased hamstring stiffness compared to females.>® Full hamstring range of motion (ROM)
must be maintained to return to play post injury* and decrease risk of hamstring injury over all.

Many techniques have been proposed to aid in the management of hamstring injuries,
primarily focused on improving ROM. Common techniques used to increase ROM are
stretching, self-myofascial release (SMR ), and instrument assisted soft tissue mobilization
(IASTM). The literature supports stretching as a technique to increase ROM in multiple joints
throughout the body.”® The most common types of stretching are static (SS), dynamic (DS),
and proprioceptive neuromuscular facilitation (PNF). Another treatment that allows patients to
treat themselves is self-myofascial release (SMR), a type of myofascial release involving rolling
or sustained compression applied to the muscle and fascia.'®** Research supports SMR as a
technique to acutely increase ROM;'*** however the long term effects are inconclusive.’® ” A
popular treatment is instrument-assisted soft tissue mobilization (IASTM). Research has
supported IASTM for increasing ROM in the ankle, hamstring, and shoulder in the average
population and athletes.*” The research supports IASTM as a technique for increasing ROM but
it requires one on one time with a clinical to apply the treatment. Evidence exists for all three
methods increasing ROM but is inconclusive as to which technique is the best or most efficient.
Further research needs to examine a technique that can increase ROM objectively and

subjectively to the patient while being efficient for clinical use.



Cupping therapy is a techniqgue common in Eastern medicine and currently gaining
popularity in Western medicine. Current research is limited, which may limit clinician use of this
technique. The main objective is to place a cup on the skin and create a vacuum causing the
skin to be pulled into the cup which is then left for 5-10 minutes.**** The negative pressure
causes cellular reactions that help bring new blood to the area and promote muscle relaxation
that aids with increasing ROM.

The majority of available studies examine cupping effects on pain, function, and ROM.

Pain is one of the most studied outcomes in cupping literature, including low back,****™’

28-25 and shoulder pain,***® along with ankle sprains, headaches, and carpal

neck,'®* knee,
tunnel syndrome.*® Another aspect of cupping previously studied is that of perceived function,
disability, and quality of life. The hamstrings have not been specifically examined, but studies
have also measured blood flow changes before, during, and after cupping therapy in the back®
and posterior shoulder.?” Therefore, cupping can be used to aid in tissue healing along with
treatment goals including pain relief and increasing ROM. Only a few studies have supported
cupping as a technique for increasing ROM in the back,*? knee,® hip,?® and neck.”® Although
cupping has shown positive results for increasing ROM in some muscles, further research is
necessary to support the effect on lower extremity muscles including the hamstring.
Aims and Hypothesis
Aim 1:
What is the effect of stationary cupping compared to a resting control on passive hamstring
range of motion?

Hypothesis 1:

Stationary cupping will increase range of motion more than a patient laying at rest

without cups.

Variables 1:

IV — Intervention (cupping or control), DV — Range of motion



Aim 2:
What is the effect of cupping with movement compared to only movement on passive hamstring
range of motion?
Hypothesis 2:
Cupping with movement will increase range of motion more than a participant going
through the same movements with no cups.
Variables 2:
IV — Intervention (cupping or control), DV — Range of motion
Aim 3:
What is the effect of cupping with movement compared to only movement, stationary cupping,
and rest on perceived hamstring tightness pre- and post- intervention?
Hypothesis 3:
Cupping with movement will decrease perceived tightness more than movement only,
stationary cupping, and rest.
Variables 3:
IV — Intervention (cupping with movement, movement only, stationary cupping, or

control), DV — Perceived hamstring tightness (0-10 scale)



CHAPTER 2: REVIEW OF LITERATURE

Hamstrings injuries are among the most common in sport.>* Research suggests the
most common risk factors are old age, increased quadriceps peak force, and a past history of
hamstring injury. * Hamstring stiffness and lack of range of motion (ROM) were not identified as
key risk factors based on inconclusive results. Freckleton et al' performed a systematic review
of hamstring muscle strain risk factors in sport. Two studies supported reduced knee flexor
ROM increasing risk for hamstring injuries in soccer players and one study reported recurrent
hamstring injuries were more likely with active knee extension deficits upon return." Full
hamstring ROM must be maintained to return to play post injury* and decrease risk of injury
over all. Many technigues have been proposed to aid in the management of hamstring injuries,
primarily focused on improving ROM. The current study will focus on the effects of cupping on
ROM in males due to increased resting hamstring stiffness compared to females.>®
Increasing Range of Motion

Common techniques used to increase range of motion (ROM) for the hamstring and
other body regions are stretching, self-myofascial release (SMR), and instrument assisted soft
tissue mobilization (IASTM).

Stretching

The literature supports stretching as a technique to increase ROM in multiple joints
throughout the body.”® The most common types of stretching are static (SS), dynamic (DS),
and proprioceptive neuromuscular facilitation (PNF).” Static stretching involves lengthening a
muscle until achieving a stretch sensation or point of discomfort and holding the position.

Dynamic stretching is the performance of a controlled movement through the active ROM of a
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joint. Dynamic stretching has become more popular in athletics due to the movements being
more functional and sport specific.” PNF stretching involves a series of muscle contraction and
relaxation techniques that utilizes neuromuscular mechanisms to increase ROM.”®

A review comparing all three techniques (SS, DS, and PNF) supported the use of
stretching in general to acutely increase ROM, although controversy exists in the literature
regarding if one method outperforms the others.” A review on increasing ankle dorsiflexion over
two weeks included studies comparing joint mobilizations, stretching, local vibration, electric
stimulation, and mental relaxation.’ The strongest effect for increasing ROM was SS and a
home exercise program.® Farquharson et al® compared kinesio taping, SS, and PNF for
increasing hamstring ROM in recreational male athletes at 1, 10, and 30 minutes post
intervention. The PNF stretching group experienced significant inmediate increases in ROM.®
Although stretching is widely used, research is lacking to express the most beneficial and
efficient technique warranting further exploration.

Self-Myofascial Release

Self-myofascial release (SMR) is a type of myofascial release involving small
undulations of rolling or sustained compression applied to the muscle and fascia performed by
the individual.’®** Typically the individual uses a tool such as a foam roller or hand held roller.
The use of SMR has been increasing due to treatment being noninvasive, inexpensive, easily

I*® showed increases in sit and reach ROM after two

accessible, and efficient.* Sullivan et a
bouts of 5 and 10 seconds on a foam roller. Other studies supported foam rolling for increasing
ROM in the quadriceps, plantar flexors, and hamstrings, however other studies showed no
acute improvement.*°

Research has also found mixed results for chronic effects of SMR. Two studies
examined three bouts of one minute of foam rolling the hamstring.**? One study used a
protocol of three days per week for eight weeks and found no difference with the control** while

the other had three sessions per week for two weeks and did find significant increases in hip
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flexion ROM.* The research overall supports SMR as having potential to acutely increase
ROM;'>** however the long term effects are inconclusive.
Instrument Assisted Soft Tissue Mobilization

Another treatment used to increase ROM is instrument-assisted soft tissue
mobilization (IASTM). The technique involves a custom-made tool being rubbed along the skin
parallel or perpendicular to muscle fibers depending on treatment goals. IASTM is thought to
stimulate connective tissue remodeling, repair, regeneration, and realignment by breaking down
scar tissue and fascial restrictions.**%* Research has supported IASTM for increasing ROM in
the ankle, hamstring, and shoulder in the average population and athletes.*” A review of IASTM
investigated seven randomized controlled trials involving 220 subjects;* however, only two
studies specifically addressed the effects of IASTM on ROM. One study compared fascial
abrasion technique (FAT) to a control on hip and knee ROM. FAT uses a contoured instrument
to scan the body and locate fascial abrasions and apply precise pressure to reduce fascial
tension. FAT had no significant acute increases in ROM, but after 24 hours the FAT group did
show significant improvement compared to controls.** Another study showed significant
increases in glenohumeral ROM when comparing the Graston Technique to a control.** The
research supports IASTM as a technique for increasing ROM but it requires one on one time
with a clinician to apply the treatment. Other techniques should be examined that provide
greater efficiency for clinicians while maintaining effectiveness of treatment.

Standard methods for increasing ROM include stretching, SMR, and IASTM. The
research supports all three but is inconclusive as to which technique is the best or most
effective. PNF stretching and IASTM have been supported to increase ROM, but require a lot of
time from a clinician. Static stretching and SMR can be performed by the patient but are often
performed improperly causing a decrease in benefits. Further research needs to examine a
technique that can increase ROM, be set up and monitored by the clinician while also being

efficient for clinical use.



Cupping

Cupping is a centuries old treatment that has, only recently, gained popularity in Western
medicine. The technique originated in China, but has documented use in many nations
throughout the world.**** A survey study of 6 Korean doctors for the Korean national volleyball
teams reported using cupping to treat about 8% of all injuries.*® Cupping was used on 12 joint
injuries and 16 muscular injuries. Although the overall number is small, when treating muscular
injuries the doctors used cupping about 15% of the time.* Cupping is thought to improve
microcirculation, capillary endothelial repair, and granulation in regional tissue.*® The cellular
reactions help bring new blood to the area and promote muscle relaxation which aids with
increasing ROM.

Despite the benefits shown via cupping, research and evidence is limited, particularly
within American athletes, which may limit the ability of clinicians to utilize a potentially effective
technique. Of the research available, most of the studies examine the effects of cupping on
pain, function, and ROM. Common sites for treatment include the neck, back, thigh, knee, ankle,
shoulder, and areas of layered muscles.™

Techniques

Cupping can be performed using a variety of cups, sizes, and techniques. Traditionally,
cups have been made of glass, metal, or bamboo.**** Recently cups have been made of plastic
in a bell shape or soft silicone form. The silicone cups allow for cupping large areas and around
joints, which traditional cups have been unable to do in the past.*® The different techniques

13,14,16,27,34,36 Dry Cupping is the

include dry, moving, flash, hot, needle, wet, water, and pulsatile.
most common type used and involves a stationary cup.'® The main objective is to place a cup

on the skin and create a vacuum causing the skin to be pulled into the cup which is then left for
5-10 minutes.™® Wet cupping involves superficial or deep incisions being made to the skin prior
to suction being applied causing a blood-letting effect.***%® Wet cupping remains common in

Eastern medicine but is not typically used or studied in Western clinics due to the invasive
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nature of the treatment. Both flash'® and empty cupping™ involve the cup being removed
immediately after suction application. Moving,® sliding,*® or gliding® cupping are characterized
by an area being lubricated, having a cup applied, and then a clinician moving the cup over the
treatment area while maintaining suction. Moving cupping allows for a massage like feeling and
effect to the area.*® Lastly, needle cupping starts with acupuncture followed by a cup placed
over the needle.'® Cupping often causes erythema, edema, and ecchymosis after the cups have
been removed and can last up to a week.*’ Little to no negative long-term effects have been
noted.

Pain

Pain is one of the most studied outcomes in cupping literature, however

conclusions have not been drawn due to poor quality of the original research® and risk of
performance bias due to no blinding or control group.® Several studies suggest cupping may be
beneficial for pain-related conditions including low back,*****" neck,'*?*? knee,?° and shoulder

13,16

pain,™**® along with ankle sprains, headaches, and carpal tunnel syndrome'® compared to usual

care, heat, medications, and acupuncture. A review from Zhang et al*°

comparing cupping
therapy to acupuncture found no significant differences in pain benefits for patients with cervical
spondylosis, lateral femoral cutaneous neuritis, and scapulohumeral periarthritis. Ge et al*° also
found no significant difference in pain levels for patients with plantar fasciitis after a cupping or

I*° witnessed inconclusive changes in pain for 82

electrical stimulation treatment. Leem et a
patients with chronic neck pain separated into 3 different treatment groups. The treatments
included 5 dry cupping sessions over 2 weeks (4-10 cups for 15 minutes), one wet cupping
session, and 5 pulsatile sessions over 2 weeks (15 minutes) compared to a waitlist control. The
researchers collected follow up data 2 years post treatment and found pain reduced at least
50% in 20 patients (24.4%) and 30% in 28 patients (34.1%). However, of those with pain
remaining, intensity increased by 50% for 17 patients (20.7%), and 30% for 21 patients

(25.6%)." Lauche et al** and Saha et al*® examined the effects of dry cupping treatments on
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chronic neck pain. They found significant reductions in pain with movement and an increase in
pain pressure thresholds post treatment.?*** Kim et al,'® Lauche et al,”® and Markowski et al*®
found significant decreases in neck pain after cupping treatments. Decreasing pain may
contribute to patients feeling better overall and able to function at higher levels.

Perceived function

Another aspect of cupping previously studied is that of perceived function, disability, and
guality of life. Some have shown significant improvements in function after the
intervention'"*82>22 and up to 7*® to 12% weeks post-treatment. Outcome measures used
include the Neck Disability Index (NDI),*®°?*# EuroQol health index (EQ-5D),*® Short Form
survey (SF-36),"%%22%3% | ower Extremity Functional Score (LEFS), Foot Ankle Ability Measure
(FAAM),* general health outcomes, and perceived health status. The research has examined
cuppings’ effect on various conditions, although not the hamstring specifically. A systematic
review of cupping compared to acupuncture reported no significant difference in SF-36 scores
between the groups.® Therefore, the study found no difference in the emotional well-being,

social function, pain, and general health of the patients in each group. Ge et al*

reported
improvements in FAAM and LEFS in patients with plantar fasciitis after cupping treatments
compared to an interferential current control, however the results were ultimately inconclusive. A
significant increase in SF-36 scores occurred at 4 and 12 weeks after 8 pulsatile cupping

treatments on the knee of 21 patients with osteoarthritis.?®

Several studies have examined the perceived function of patients with chronic neck pain

I,Zl |’22 |18

after a cupping treatment. Lauche et al, Saha et al, and Kim et al™” found significant
decreases in NDI and increases in overall health after a series of cupping treatments. The
results indicated improvements in perceived disability (NDI) and overall health. Another study
followed a 12 week protocol of partner administered cupping treatments compared to
progressive relaxation for the neck.”® The researchers found significant effects in favor of
cupping over relaxation for perceived physical well-being. Leem et al*® found long term positive
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changes in function for 82 patients with chronic neck pain. The researchers collected follow up
data 2 years post-treatment and found a significant decrease in NDI, an increase in SF-36, and
49% of patients reporting feeling “very much improved” or “somewhat improved” (22% and 27%
respectively) compared to baseline®. However, the follow-up being conducted two years later
may limit interpretation due to the potential for confounding factors. Overall the research
supports using cupping for increasing perceived function in addition to other treatment effects.
Another positive side effect or treatment goal is increasing blood flow.

Blood Flow

One of the treatment goals associated with cupping is increasing blood flow to an area.
The hamstrings have not been specifically examined, but studies have measured blood flow
changes before, during, and after cupping therapy in the back® and posterior shoulder?’. Liu et
al®® measured blow flow in the thoracic spine area of 30 healthy patients (22-25 years old) at
baseline and 5, 10, 15, 20, 25, and 30 minutes after one stationary cup was removed. A
significant increase in blood flow was noted from baseline to immediately after cup removal,
although this increase did not last over time.?® Li et al*’ used near-infrared spectroscopy to
measure the amount of deoxygenated blood, oxygenated blood, and blood flow in general just
above one stationary cup on the infraspinatus. Thirteen healthy, young adult volunteers had a
spectroscopy pad placed on their posterior shoulder and taking readings 3cm deep. Hemoglobin
measurements were taken during a 6-minute baseline period, then during a 5 minute single
cupping treatment, and 6 minutes post removal of the cup. The researchers noted a significant
decrease in deoxygenated hemoglobin and significant increase in oxygenated hemoglobin in
tissue surrounding the cup from baseline to during treatment which had varying long-term
effects.”’ After the cup was removed the tissue maintained some of the blood changes for the 6
minute post treatment time. The increase in oxygenated hemoglobin meant new blood from the
arteries was reaching the target tissue. In addition to providing the tissue with oxygen, the
increased blood flow also supplies nutrients necessary for recovery and proper cell function.?”
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Therefore, cupping can be used to aid in tissue healing along with treatment goals including
pain relief and increasing function.

Range of Motion

Limited research exists about the effects of cupping on ROM compared to standard
treatments such as stretching, IASTM, etc. A handful of studies have supported cupping as a
way to increase ROM in the back,*>?® knee,? hip,? neck.'® Williams et al*® examined the acute
effects of stationary cupping over 4 trigger points in the hamstring of DIll soccer players
compared to no treatment. The cupping group did show a greater change in hip ROM measured
pre- and post- using passive straight leg raise, but not statistically significant.”® Ma et al*® found
increases in lumbar ROM while using cupping to treat intervertebral disc pathologies. Another
study used 4 stationary cups bilaterally at L2 and L4 for 10 minutes in healthy males and
females (ages 30-56).'° Post-cupping, the researchers measured significant increases in lumbar
flexion and straight leg raise ROM.*® Wet cupping lateral to the quadriceps tendon of 15
subjects (age 20-80) showed significant increases in active and passive knee flexion 3 weeks

post treatment.”® Kim et al*®

examined the different effects of six dry or wet cupping sessions
over 2 weeks compared to a heat pack control for neck ROM in 22-42 year old video display
terminal (VDT) users. Subjects were characterized by working at a VDT, or computer, for at
least 20 hours per week and suffered work-related neck pain for at least 3 months. ROM was
measured for neck flexion, extension, lateral flexion, and rotation immediately post-treatment, 3
weeks post, and 7 weeks post. Only neck extension at 7 weeks post showed significant ROM
improvements compared to the heat pack control.*®

Although cupping has shown positive results for increasing ROM in some muscles,
further research is necessary to support previous claims and examine other parts of the body.
Limited research exists examining the effects of cupping on lower extremity muscles including
the hamstring. The hamstrings are critical to sprinting sports and increased tightness could put

patients at risk for injury. Flexibility can be maintained using several techniques including
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stretching, SMR, and IASTM. PNF stretching and IASTM requires a lot of time and attention
from the clinician which can decrease efficiency when attempting to treat multiple patients.
Static stretching and SMR can be done by the patient, but often patients do not follow the
proper protocol for best results. Cupping could provide deep tissue stretching and the ability for
patients to do a treatment on their own after the clinician has placed the cups. Therefore,
cupping could be a beneficial and efficient method for increasing ROM while increasing clinical
efficiency.

To support cupping for increasing ROM, more research must be done. The theoretical
benefits must be explored to increase clinician awareness and promote treatment methods. The
current study is a step towards determining if cupping can increase hamstring ROM and if
stationary or movement cupping is better or equal for attaining treatment goals. Further studies
are then necessary to directly compare cupping to other common treatments for increasing

ROM.
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CHAPTER 3: METHODS

Design

This experimental cross-over study examined the effects of: 1) movement cupping, 2) a
movement control, 3) stationary cupping, and 4) a stationary control. Participants were randomly
divided into two groups, Stationary and Movement. Within the separate groups, each
participant’s legs were randomly assigned as Leg 1 or Leg 2. During the first session, Leg 1
received the cupping treatment, either stationary or with movement, depending on initial group
assignment. Leg 2 received the control treatment, either stationary or movement as assigned.
After 1 week, the participants returned and Leg 1 received the control while Leg 2 received the
cupping intervention (Figure 1). The independent variables included movement (yes/no) and
cupping (yes/no) treatments to the hamstring muscle group. The dependent variables were
range of motion during a 90/90 passive knee extension and perceived tightness (rated 0-10).
The study was approved by the University of North Carolina IRB prior to recruitment.
Participants

Participants were recruited using a convenience sample of recreationally active male
university students. An email message was sent to club sport captains for distribution to
teammates. The researcher also recruited from EXSS classes using a brief in-class description
of the study and sign-up sheet. Inclusion criteria consisted of physically active males ages 18-24
years old. The study recruited males only due to their increased occurrence of tight hamstrings
and hamstring injury compared to females, as described in Chapter 1. “Physically active” was
defined as a person who participates in at least 30-60 minutes of moderate activity 5 days per
week, for no more than a total of 12 hours per week.** Participants were excluded if they had a
current injury restricting them from activity, a history of hip or knee surgery within the last year,
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were female, had received cupping before or were an active Division 1 NCAA varsity athlete.
People with past cupping experience were not included due to possible bias or preconceived
notions about treatment effects based on past experiences. Active Division 1 athletes were not
included because they participated in training loads above the average population and the loads
can differ greatly between teams.

A power analysis was performed using 0.05 error probability, 3 degrees of freedom, 4
covariates, and a predicted moderate effect size of f=0.25. To achieve 80% power for a
moderate effect, the study needed a total of 179 legs (90 participants) across all four groups.
Due to limited research on cupping and time constraints of a master’s thesis, the primary
investigator aimed to recruit a total of 40 participants (80 legs).

Instrumentation and Variables

Range of Motion

For measuring ROM, a digital inclinometer from Baseline Evaluation Instruments was
used. At the beginning of each session, the inclinometer was “zeroed” to the horizontal axis (the
floor) following the manufacturer’s instructions (Fabrication Enterprises, Inc. White Plains, NY).
Therefore, when the participant was in the starting 90/90 position, the shin was at zero degrees
and the maximum possible range of passive knee extension was 90 degrees.

The participant lay supine with the leg to be measured at 90 degrees of hip flexion and
90 degrees of knee flexion. A frame was placed over the participant’s hips to act as a “blocker”
to keep the hip flexed to 90 degrees during measurements (Figure 2). The participant flexed his
hip until the anterior surface of his thigh contacted the frame. A goniometer was used to check
the hip angle was at 90 degrees. The digital inclinometer was held by the researchers on the
distal half of the participant’s shin with one hand and the other hand supported the ankle from
underneath. The participant was instructed to relax while the researcher passively extended the
participant’s leg to the first point of resistance. The leg was held at the first point of resistance
for 2-3 seconds for the inclinometer to steady then the “Hold” button was pressed and the
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measurement was recorded. Three trials of the measurement were taken with the average used
as their overall measurement for that session’s pre and post intervention ROM. Participants
were not told their recorded measurements to decrease bias during post-intervention
guestionnaires.

The researchers were blinded to which intervention the participant received (cupping or
control). All ROM measurements were performed by an athletic training student trained in the
use of a digital inclinometer by the primary investigator. Interrater reliability was assessed prior
to testing to ensure training was effective. After baseline measurements were taken, the student
left the room while a certified athletic trainer (primary investigator) applied the intervention
(cupping or control) to each leg. At the conclusion of the treatment, the participant was provided
with a pair of paper shorts to cover the posterior thigh from sight. The student returned to the
room and took post-intervention ROM measurements.

Questionnaires

Each participant filled out a demographic questionnaire including age, leg dominance,
and activity level. Activity level included average total hours of physical activity per week and
average days per week. At the start of each session, participants answered a pre-intervention
guestion for each leg; What is your perceived hamstring tightness? (0 = no tightness, 10 = very
tight). At the end of each session participants answered 4 post-intervention questions for each
leg; What is your perceived hamstring tightness? (0 = no tightness, 10 = very tight), Were you
satisfied with your treatment? (0 = very dissatisfied, 10 = very satisfied), Do your hamstrings feel
looser? (yes, no, unsure), and Would you recommend cupping to a friend? (yes, no, unsure).

During the week before Session 1 and the week between sessions, participants kept an
activity log. After recruitment, participants were scheduled for Session 1 at least one week in the
future and sent an activity log to fill out. At the beginning of Session 1 the researcher reviewed
the log to ensure the participant fit the “physically active” criteria described previously.
Participants noted the date, type of activity, length of activity time, and any stretching they did
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during the week. At the end of Session 1 the participant was given a second log to track
activities during the week between sessions. When the participant came in for their second
round of treatment, they again filled out the pre-intervention question as well as all post-
intervention questions. They did not fill out any additional demographic information.

Cupping

An AcuZone Premium Cupping Set was used for the cupping intervention. Three #1 hard
plastic cups with a diameter of 5cm were applied to the hamstring using a handheld pump. Two
pumps were used to standardize the pressure applied between participants. Depending on each
individual’s skin elasticity, the amount of tissue pulled into the cup could have varied. For people
with looser skin a standardized amount of displacement into the cup may not be effective at
reaching deeper tissue. Individuals with tighter skin may report additional discomfort if the
clinician tries to suction too much skin into the cup. Therefore, applying the same amount of
pressure (via 2 pumps) standardized the suction between individuals.

Participants in the stationary cupping treatment group lay prone and actively flexed their
knee to approximately 90 degrees to identify the popliteal crease. The clinician measured the
distance between the gluteal fold and popliteal crease (bend of the knee). A marker dot was
made at the midpoint. From that mark, the clinician measured 10 cm at a 45 degree angle
superior medially and superior laterally. The three marks were where each cup was centered
during the intervention (Figure 3). A thin layer of ultrasound gel was applied to the area for ease
of cup application. One at a time, a cup was placed over a mark and suction applied (Figure 4).
Cups were left in place for 5 minutes and 30 seconds while the participant remained resting in
the prone position. After treatment time was complete, suction was released and the cups were
removed. The stationary control treatment involved the patient lying prone for a total of 6
minutes at rest (30 seconds for cup application and 5:30 minute treatment time).

For the movement cupping treatment, a metronome was started at 40 beats per minute
and a timer was prepared before the cups were applied. The clinician described the timing of
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movement shown in Table 2 and the pace to actively flex the knee. The clinician used cuing
phrases (“Ready, and, go”) to ensure proper timing. During the 30 seconds of movement, the
participant completed 10 repetitions (up and down) of knee flexion at a rate of 1 per 3 seconds.
Each beat of the metronome was 1.5 seconds apart and was an end point in the motion: beep =
bend, beep = extend, beep = bend, etc. The participant was asked to show two repetitions of
the movement pattern with their leg to ensure understanding of pace. Then cups were applied
as described previously and the timer was started. The cups were left on for 5:30 minutes
following the alternating movement and rest pattern in Table 2. After treatment time was
complete, suction was released and cups were removed.

The movement control treatment mimicked the cupping with movement treatment, but
with no cups. Participants lay at rest for 30 seconds to account for the time for cup application.
After the 30 seconds, the metronome and a timer were started at the same cadence (40 BPM).
Participant followed the same 5:30 minute movement pattern of alternating rest and movement
shown in Table 1.

Procedure

All procedures were done in the Woollen Athletic Training Teaching Lab. During Session
1, participants filled out the Demographic and Pre-Intervention Questionnaires described in
Instruments. Then, participants were assigned (based on recruitment order) into one of two
groups, including Stationary or Movement, to stay in throughout the duration of the study. Based
on recruitment order, odd numbered participants (1%, 3, etc.) were placed in the Movement
group and even numbered participants (2", 4", etc.) were placed in the Stationary group.
During the first session, each participant had their legs randomly assigned to be “Leg 1” or “Leg
2”. Dominance was noted, but not a factor in determining which leg receives treatment first. For
accuracy, a small piece of tape with the number 1 or 2 was placed on both the anterior and
posterior aspect of the participant’s ankles to denote which leg is which. Pre-intervention ROM
measurements were taken for both legs as described previously. Within each group,
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participants received the cupping intervention to one leg and the control intervention to the other
simultaneously. After completion of the treatment, both legs were measured for Post-
Intervention ROM. Then, participants answered the Post-Intervention questions described in
Instruments. After 1 week, the participant returned to receive the cross-over intervention. The
cross-over occurred between a participant’s legs, not the type of treatment (group) they were
receiving (Figure 1).

For example, a participant in the Movement group followed the movement protocols as
described in Interventions for both legs at the same time, but Leg 1 had the cupping treatment
and Leg 2 had the control. Since both legs went through the intervention at the same time, for
consistency “Leg 1” always had ROM measured first. During Session 2, Leg 2 received the
movement cupping treatment and Leg 1 received the movement control. See Figure 1 below for
a visual representation of group randomization and cross-over. During the week in between,
participants kept an activity log as described in Instrumentation.

Data Analysis

An initial assessment of descriptive statistics was performed using Statistical Package
for the Social Sciences (SPSS, version 25) for all variables. Frequencies and percentages were
calculated for all categorical variables (activity level) while means and standard deviations were
computed for all continuous variables (i.e. age, treatment satisfaction, perceived tightness,
range of motion, etc.). Descriptive data was analyzed for homogeneity of participants between
the Stationary and Movement groups. Each leg was treated as an individual data point for each
participant. A 4 (treatment) x 2 (time) analysis of covariance (ANCOVA) was performed using
Statistical Analysis Software (SAS, version 9.4, Cary, NC) to compare the ROM measurements
and perceived tightness between pre and post time points and between the 4 treatments for
each session. Covariates considered during the analysis were leg dominance, age, activity
level, and pre-intervention perceived hamstring tightness. Tukey post hoc analyses were
performed for significant ANOVA findings to ensure reliability between multiple comparisons.

18



CHAPTER 4: RESULTS

Participants

The participants for this study included 41 physically-active male volunteers
(age=20.9+1.0 years) from a university student population. We recruited males only due to their
increased occurrence of tight hamstrings and hamstring injury compared to females. “Physically
active” was defined as a person who participates in at least 30-60 minutes of moderate activity 5
days per week, with a minimum of 2.5 and maximum of 12 hours per week.** Participants
completed an average of 6.5 (x 2.7; range=3-12) hours of activity per week. The majority of
participants were right leg dominant (n = 38, 92.7%), played sports in high school (n = 39,
95.1%), and had no history of lower extremity injury (n = 29, 70.7%) or surgery (n = 39, 95.1%).
About half of the participants reported stretching regularly (n = 22, 53.7%) but there was no
difference between group presentation. Groups were homogenous for age, hours of activity
weekly, rate of past injury, leg dominance, and general stretching habits. At baseline, the
perceived tightness of the participants was also homogeneous (p = 0.9873). Participants were
excluded if they had a current injury restricting them from activity, a history of hip or knee
surgery within the last year, were female, or were an active Division 1 NCAA varsity athlete.
Additionally, people with past cupping experience were not included due to possible bias or
preconceived notions about treatment effects based on past experiences. Each participant
completed a demographic questionnaire and gave written informed consent before participating
in the study.
Range of Motion

Within the movement group, the mean hamstring ROM improved from pre- to post-

intervention for both treatments (cupping: 51.3°+9.5° vs. 53.2°+9.9°; control: 50.7°+9.8° vs.

19



52.3°+9.8°; p=0.991; Table 3; Figure 5). For the stationary group, the mean hamstring
ROM had slight increases from pre- to post-intervention regardless of treatment (cupping:
49.2°+10.4° vs. 49.4°£10.2°; control: 48.2°£10.0° vs. 48.7°+9.9°; p=0.977). The comparison of
means showed no significance for group (movement vs. stationary; p=0.306) or treatment
(cupping vs. control; p=0.072) interactions. A significant time interaction was present (p=0.025),
with post hoc analyses showing differences in pre-intervention control and post-intervention
cupping for both the movement and stationary groups. Additionally, post hoc testing revealed a
difference in ROM between dominant and non-dominant legs (dominant greater, p=0.041).
Perceived Tightness

Participants ranked their perceived hamstring tightness on a scale of 0-10 (0O=no
tightness, 10=very tight) pre-and post-intervention. For the movement and stationary groups,
mean tightness improved from pre- to post-intervention regardless of treatment (movement
cupping: 3.39 £ 2.80 vs. 2.05 + 2.05; movement control: 3.32 £ 2.74 vs. 3.05 + 2.51; stationary
cupping: 3.03 + 2.27 vs. 2.05 + 2.05; stationary control: 2.97 + 2.42 vs. 2.66 * 2.12; p=0.534;
Table 3; Figure 6). The comparison of means showed no group interaction (p=0.688), but an
interaction between treatment type (cupping vs. control) and time was found (p=0.002),
regardless of group assignment. For the participants that received the cupping intervention,
including the movement and stationary protocols, a significant difference was found between
pre- and post-intervention perceived tightness (p<0.0001; Figure 7). In addition, the pre-
intervention tightness was homogeneous between treatments, but post-intervention tightness
was significantly different between the cupping and control treatments (p=0.0005; Figure 7). The
mean difference in post-intervention tightness was 0.8026 points (on a 10 point scale) more for
the cupping treatments than the control treatments. Supplementary questions were asked post-
intervention, including “Does your leg feel looser?” and “Would you recommend cupping to a
friend?” (Table 4). More participants answered “Yes” after receiving one of the cupping

treatments compared to the control.
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CHAPTER 5: DISCUSSION

Range of Motion

The primary purpose of this study was to compare the effects of movement cupping,
movement control, stationary cupping, and a stationary (resting) control on hamstring range of
motion (ROM). We hypothesized that within each group, stationary and movement, the cupping
treatment would produce a greater increase in ROM post-treatment compared to control. The
data analysis found ROM did increase in all groups, but not significantly. Therefore, the data did
not support our hypothesis. We did find ROM to be greater on the participant’'s dominant side

compared to non-dominant. Previous literature has found either no difference***?

or varying
differences depending on which joints were being measured throughout the body.*** For the
purpose of the current study, our finding was not clinically significant.

For the effects of cupping on ROM, our results were consistent with some previous

literature. Williams et al*®

measured straight leg raise hamstring range of motion in DIII soccer
players pre- and post-intervention using 4 stationary cups on the hamstring. They found that
overall ROM increased, but not significantly.?® Kim et al*® noted increases in ROM while
examining the effects of wet and dry cupping on neck ROM in video display terminal users.
However, only neck extension showed a significant difference, while neck forward flexion, lateral
flexion, and rotation did not.*® Unlike the current study, Ma et al*® and Markowski et al'®> were
able to find significant changes in lumbar ROM. We were unable to draw conclusions regarding
ROM due to the lack of statistical significance, small sample size, and large confidence

intervals. There continues to be inconsistencies in the literature for the effects of cupping on

ROM, but no studies have suggested any harmful results or decreased ROM.
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Perceived Tightness

The secondary purpose of this study was to compare the effects of stationary cupping, a
resting control, movement cupping, and a movement control on perceived hamstring tightness
pre- and post-treatment. We hypothesized that cupping with movement would decrease
perceived tightness more than stationary cupping, movement only, and rest. No differences
were found between all four treatment groups, but when comparing cupping, both movement
and stationary, to the controls significant increases occurred. The data suggests a cupping
treatment decreases perceived tightness more than the rest or movement only.

To our knowledge, a measure of perceived hamstring tightness has not been previously
noted in other research about cupping. The most related metric used before is perceived
function based on quality of life and disability scales. Having less hamstring tightness would be
related to having better perceived function and less disability. Previous literature examined the
effects of several cupping treatments on participants with chronic neck pain and found
significant increases in reported overall health.*®*** Teut et al* also found significant increases
in function (SF-36 scores) after participants with knee osteoarthritis received 8 pulsatile cupping
treatments. One study from Zhang et al® found no difference in perceived function between
groups receiving cupping or acupuncture. The literature has also examined the effects of
cupping on perceived disability. Some studies have noted significant decreases in disability after
cupping treatments for chronic neck pain'®*®* No previous studies have suggested that
cupping could increase disability or decrease function.

Previous literature on visual analog scales (VAS)*® and numerical rating scales (NRS)*’
of pain has quantified the minimal clinically important difference (MCID) on a 10-point scale to
be a 1-point change. Lauche et al*® examined four previous cupping studies to determine the
MCID for patients with chronic neck pain. They calculated the MCID for a 100mm VAS to be a
decrease in 8mm,*® which would translate to a 0.8 point change in our perceived tightness

rating out of 10 points. The actual mean difference in perceived tightness for the cupping groups
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was 1.157 (out of 10). That is greater than the previously proposed MCID, meaning the cupping
caused a meaningful difference to the patients.
Clinical Implications

The current study supported cupping as a technigue to decrease perceived tightness,
even though there was not a significant change in ROM for cupping specifically. Previously
discussed techniques including IASTM, SMR, and stretching have not balanced being both
effective and efficient for use clinically. IASTM requires hands on work meaning the clinician can
only be with one person during the 5-10 minute treatment. Patients can perform SMR and
stretching on their own, but often technique is not proper causing mixed results to the patients.
The cupping protocols described in this study allow a clinician to place cups on a patient and
still have their hands available for other tasks. Previous literature has used different cupping
methods and protocols with inconsistent findings. Even though ROM changes were not
statistically significant, no literature has suggested cupping decreases ROM or causes harm.
Therefore, further research is needed to continue developing cupping treatment protocols
optimizing effectiveness. Methods to explore include changing the length of treatment, sets and
reps of movements, adding more cups, the cup positions, and patient position (i.e. standing,
supping 90/90). This study has shown cupping can have a positive impact on how a patient is
feeling, but we are still in the early stages of developing protocol suggestions for increasing
ROM.
Limitations

We acknowledge the study had limitations. Three research assistants were used to
collect ROM and survey data; however, assistants were trained and tested for interrater
reliability prior to data collection. Additionally, participants were scheduled to meet at the same
day and time one week apart, and asked to not participate in physical activity at least one hour
before their time. Participants did track their activity for the week, but we could not control for
the exact activity or stretching performed on the testing day, or days previous. Our study aimed

23



to examine hamstring ROM, which presented a challenge since the muscle crosses two joints.
We used a 90/90 passive knee extension technique however some could argue a straight leg
raise takes the hip into more consideration. Due to increased prevalence of tightness and
hamstring injury, only males were tested. Therefore, results can only be generalized to this
population. Also, we used a small sample size and did not have enough subjects for sufficient
power. This could be one of the reasons we did not find significance.
Conclusion

Lack of hamstring flexibility has been linked to increased risks of hamstring injury.
Current literature points to IASTM, self-stretching, and SMR as techniques for increasing ROM.
However, each method has limitations involving insufficient evidence, the improper technique
used by patients, or the needed hands on time with a clinician. Cupping therapy is a relatively
new technique being introduced to western medicine. Research has supported the positive
effects cupping can have on pain, blood flow, and perceived function and/or disability. Limited
research exists on the use of cupping therapy for increasing ROM. In this study, we found that
cupping therapy, both stationary and with movement, can significantly decrease perceived
tightness compared to the control treatments. Although the objective measure of ROM did not
increase significantly, participants reported feeling looser after a cupping treatment. This is a
good first step as patient perception is critical to the overall effects of a treatment method.
Furthermore, clinicians could use cupping as a warm up treatment followed by stretching or
rehab exercises. The patient feeling better post cupping could transfer to better stretching and
exercise techniques. Further research is needed to examine the effects of cupping on ROM and
develop effective protocols. Factors to consider in the future are length of treatment, sets and
reps of movements, adding more cups, the cup positions, and patient position (i.e. standing,
supping 90/90). Until that research takes place, cupping can continue to be used for its effects

on pain, function, blood flow, and perceived tightness. Therefore, cupping can be an efficient
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treatment to combine with other methods that have been shown to be more effective on ROM

which can aid in decreasing injury risk.
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LEGEND TO FIGURES

Figure 1: Group Randomization and Cross-Over Design: This study was a cross-over
experimental design. Participants were randomly divided into two groups, Stationary and
Movement. Within the separate groups, each participant’s legs were randomly assighed as Leg
1 or Leg 2. During the first session, Leg 1 received the cupping treatment, either stationary or
with movement, depending on initial group assignment. Leg 2 received the control treatment,
either stationary or movement as assigned. After 1 week, the participants returned and Leg 1
received the control while Leg 2 received the cupping intervention.

Figure 2: Range of Motion Starting Position: Participants lay supine with the leg to be
measured at 90 degrees of hip flexion and 90 degrees of knee flexion. A frame was placed over
the participant’s hips to act as a “blocker” to keep the hip flexed to 90 degrees during
measurements.

Figure 3: Cupping Location: To determine the location of each cup, the clinician measured the
distance between the gluteal fold and popliteal crease (bend of the knee). A marker dot was
made at the midpoint. From that mark, the clinician measured 10 cm at a 45 degree angle
superior medially and superior laterally. The three marks were where each cup was centered
during the intervention.

Figure 4: Cupping Application: For application, cups were centered over the previously made
marks (Figure 3) and 2 pumps of suction were applied. Cups were then left in place for 5
minutes and 30 seconds.

Figure 5: Range of Motion Mean Results Pre to Post: A 4 (group) x 2 (time) analysis of
covariance (ANCOVA) was performed to compare the mean range of motion (ROM)
measurements between pre and post time points and between the 4 groups: movement
cupping, movement control, stationary cupping, and stationary control.

Figure 6: Perceived Tightness Mean Results Pre to Post: A 4 (group) x 2 (time) analysis of
covariance (ANCOVA) was performed to compare the mean perceived tightness measurements
between pre and post time points and between the 4 groups: movement cupping, movement
control, stationary cupping, and stationary control.

Figure 7: Perceived Tightness Means Comparing Cupping and Control: Pre-intervention
tightness was homogeneous between treatments, but post-intervention tightness was
significantly different between the cupping and control treatments (p=0.0005). For the cupping
treatment, there was a significant difference from pre- to post-intervention (p<0.0001).
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Table 1. Treatment Protocols

Treatment

Description

Movement Cupping

Movement Control

Stationary Cupping

Stationary Control

A metronome was played at 40 beats per minute to indicate the rate of
movements. Cups were left on for 5:30 minutes following the
alternating movement and rest pattern in Table 1.During the 30
seconds of movement, the participant completed 10 repetitions (up
and down) of knee flexion at a rate of 1 per 3 seconds.

Participants laid at rest for 30 seconds to account for the time for cup
application. After the 30 seconds, the metronome and timer were
started at the same cadence (40 BPM). Participants followed the
same 5:30 minute movement pattern of alternating rest and movement
shown in Table 1.

Cups were left in place for 5 minutes and 30 seconds while the
participant rested in the prone position. After treatment time, suction
was released and the cups were removed.

Participants laid prone for a total of 6 minutes at rest (30 seconds for
cup application and 5:30 minute treatment time).
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Table 2. Movement Intervention

Timing

Time (minutes) Activity
0:00 — 0:59 Rest

1:00 - 1:29 Movement
1:30 - 2:29 Rest

2:30 — 2:59 Movement
3:00 — 3:59 Rest

4:00 — 4:29 Movement
4:30-5:30 Rest
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Table 3. Hamstring Range of Motion and Perceived Tightness Results

Range of Motion (Degrees)

Perceived Tightness (Rated 0-10)

Treatment Mean = SD Range Mean *+ SD Range
Movement Cupping
Pre 51.3+£95 32.1-68.3 34+28 0.0-9.0
Post 53.2+9.9 31.7-71.4 21+18 0.0-7.0
Movement Control
Pre 50.7 £ 9.8 34.0 - 69.5 3.3+x27 0.0-9.0
Post 52.3+9.8 325-77.9 3.1+25 0.0-9.0
Stationary Cupping
Pre 49.2+104 34.2-72.3 3.0+23 0.0-7.0
Post 49.4 +10.2 31.9-74.6 21+21 0.0-7.0
Stationary Control
Pre 48.2 + 10.0 28.7-72.0 3.0+24 0.0-7.0
Post 48.7 £ 9.9 31.9-70.9 27+21 0.0-7.0
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Table 4. Post-Intervention Questionnaire

Treatment Does your leg feel looser? Would you recommend cupping to a friend?
Yes No Unsure Yes No Unsure

Movement Cupping 38 0 6 18 0 4

Movement Control 12 19 13 16 0 6

Stationary Cupping 28 1 9 9 1 4

Stationary Control 6 16 16 8 2 4
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Figure 1: Group Randomization and Cross-Over Design. This study was a cross-over experimental
design. Participants were randomly divided into two groups, Stationary and Movement. Within the
separate groups, each participants’ legs was randomly assigned as Leg 1 or Leg 2. During the first
session, Leg 1 received the cupping treatment, either stationary or with movement, depending on initial
group assignment. Leg 2 received the control treatment, either stationary or movement as assigned. After
1 week, the participants returned and Leg 1 received the control while Leg 2 received the cupping
intervention.
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Figure 2: Range of Motion Starting Position. articipng lay supine with the leg to be measured at 90
degrees of hip flexion and 90 degrees of knee flexion. A frame was placed over the participants’ hips to
act as a “blocker” to keep the hip flexed to 90 degrees during measurements.
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Figure 3: Cupping Locations. To determine the location of each cup, the clinician measured the
distance between the gluteal fold and popliteal crease (bend of the knee). A marker dot was made at the
midpoint. From that mark, the clinician measured 10 cm at a 45 degree angle superior medially and
superior laterally. The three marks were where each cup was centered during the intervention.
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Figure 4: Cupping Application. For application, cups were centered over the previously made marks
(Figure 3) and 2 pumps of suction were applied. Cups were then left in place for 5 minutes and 30
seconds.
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Figure 5: Range of Motion Mean Results Pre to Post. A 4 (treatment) x 2 (time) analysis of
covariance (ANCOVA) was performed to compare the mean range of motion (ROM) measurements
between pre and post time points and between the 4 groups: movement cupping, movement control,
stationary cupping, and stationary control.
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Figure 6: Perceived Tightness Mean Results Pre to Post. A 4 (treatment) x 2 (time) analysis of
covariance (ANCOVA) was performed to compare the mean perceived tightness measurements between
pre and post time points and between the 4 groups: movement cupping, movement control, stationary
cupping, and stationary control.
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Figure 7: Perceived Tightness Means Comparing Cupping and Control: Pre-intervention tightness
was homogeneous between treatments, but post-intervention tightness was significantly different
between the cupping and control treatments (p=0.0005). For the cupping treatment, there was a
significant difference from pre- to post-intervention (p<0.0001).
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