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Abstract 

Delayed Onset Muscle Soreness (DOMS) is the pain and stiffness felt in muscles 

several hours to days after unaccustomed eccentric and/or strenuous exercise. This 

damage can result in decreased muscle force production, increased serum creatine 

kinase activity, inflammation, and increased proteolytic activity. Several interventions 

have been used to minimize the symptoms of DOMS. Two of the more common are 

vibration massage and deep tissue massage. The use of a hand held buffer has the 

potential to massage and vibrate the affected tissue. PURPOSE: The purpose of this 

study was to simulate a deep tissue massage and a form of vibration therapy with using 

only a hand held car buffer. METHODS: Fifteen male trained subjects between the ages 

of 20-26 years were used for this study. Ten subjects were used as a treatment group 

and five as a control. All subjects received pre-exercise measurements, including hip 

flexion with a goniometer, muscle tenderness of the hamstring using a digital force 

pressure gauge, and perceived pain (PP) on a 1 to 10 scale level of soreness. Subjects 

then performed a high volume hamstring workout to induce soreness. The workout 

included approximately 4 sets of 10-12 reps of hamstring curls, glute/ham raises, and 

RDLs. On day two all subjects were assessed with the same three measurements as 

day one. Subjects in the treatment group then received buffer treatment for one minute 

to the hamstring and were then re-measured with the same 3 measurements after 

receiving the buffer treatment (control group was measured twice but no buffer 

treatment was applied between measurement bouts). On day three subjects underwent 

the same protocol as day two, which included pre-measurements, buffer treatment, and 



post-buffer treatment. A repeated measures ANOVA was used to determine statistically 

significant differences (P<.05). RESULTS: Average data for the treatment (buffer) and 

control group is shown in the table below (mean±. standard deviation). The exercise 

protocol was sufficient in inducing DOMS symptoms in both groups. The buffer group 

showed a significant difference in pre- to post-measurements on each treatment day. 

There were no significant pre- to post-measurement differences seen in the control 

group. CONCLUSION: A brief (one minute) application of a hand held buffer does have 

at least a short term effect on DOMS. These effects include an increase in range of 

motion, an increase in pressure tolerance, and a decrease in reported pain. 

PRACTICAL APPLICATIONS: Strength and conditioning professionals can use a hand 

held buffer on their athletes/clients to reduce the effects of DOMS by using it pre- and 

post-workout on their affected muscle groups. 

Table 1. 

Hip Flexion ( 0
) Pressure (lbs) Percived Pain 

Pre Post Pre Post Pre Post 

.... Day 1 81.8 24.2 2.4 
Cl.I - Day 2 70.5±14.1 90.2±14.3* 18.16±5.3 22.33±5.8* 5.9±1.9 2.8±1.7* -::I Cl 

Day 3 80.7±18.9 91.4±16.1* 18.3±5.5 22.5±5.4* 5.5±2.3 2.9±1.4* 

0 Day 1 80.33 22.26 1.55 .... 
+-' Day 2 77.7±10.4 78.1±9.6 20.5±6.7 20.7±7.6 2.8±1.1 2.8±1.1 s:::: 
0 
u Day 3 73.7±13.5 74.9±12.7 19.9±6.9 19.6±6.4 3.3±1.7 3.3±1. 7 

*Significant difference (p<.05) compared to pre buffer 
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CHAPTER ONE 

Introduction 

There have been many studies done proving that vibration and massage therapy 

decrease muscle soreness and increase joint mobility after exercise bouts. Although 

the information is available, there is limited use of these methods as opposed to other 

forms of muscle soreness relief (Brummitt, 2008). Many colleges and therapy clinics 

will however, use vibration plates to decrease the effects of Delayed-Onset Muscle 

Soreness (DOMS) among their athletes and individuals (Rhea, et al., 2009). Another 

common use of vibration plates is for part of an exercise warm up (Amin ian-Far, et al., 

2011 ). This warm up is most commonly used among athletes at division 1 schools, or 

large sport performance facilities due to cost of equipment and resources . Although this 

technique is still not often used. This is because 100 football players cannot efficiently 

warm up or loosen up with only limited amounts of available vibration plates. Also 

traditional massage techniques have been shown to make the body and joints flexible, 

which also increases muscle tone (Antao, 2013) . Massage has been shown to relieve 

the tension, soreness, and muscle stiffness in the body (Antao, 2013). The hand held 

car buffer provides as a multi-functional vibration massage and traditional massage, 

giving the user the best of both techniques. The hypothesis of this study is to show that 

the use of a hand held car buffer can decrease DOMS. 
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Research Questions 

1. What effects does a hand held car buffer have on DOMS? 

2. What are common methods used today to treat DOMS? 

Assumptions 

At this time I would like to address some of my experiences and findings for this 

topic. First of all this is something that works and has proven to be a significant 

substitute to other vibration massage treatments such as vibration plates and the Swiss 

Wing device. More importantly it has shown significant results pertaining to treating 

DOMS and increasing flexibility and overall perceived level of soreness. Not only does it 

reduce soreness and increases range of motion but it also is an enjoyable and easy tool 

to use. On top of that it is a less expensive method than any other device being used for 

the same thing . Anyone who I have ever seen use a hand held car buffer to treat DOMS 

has enjoyed the experience and noticed a great deal of difference from pre to post use. 

Limitations 

This study does not cover any findings on effects of muscle swelling or 

inflammation . It has been limited to strictly measurements of range of motion (flexibility) , 

muscle pressure tolerance, and reported pain. This study is also limited to trained male 

subjects between the ages of 20-26. Only a hand held car buffer was used for treatment 

over the course of the study. The digital force gauge had a limitation of 30 pounds of 

pressure, subjects that tolerated more than 30 pounds of pressure are shown as 30+. 

Other limitations include subjects not following the studies instructions, taking 

nonsteroidal anti-inflammatory drugs (NSAIDS) or cold showers, as well as not showing 

up to testing and/or measurement days on time. 
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Definitions 

Delayed Onset Muscle Soreness- Exercise physiologists refer to the gradually 

increasing discomfort that occurs between 24 and 48 hours after activity as delayed 

onset muscle soreness (DOMS), and it is perfectly normal. (WebMd) 

Vibration Massage- Massage with a light, rhythmic, quivering motion; often performed 

with a mechanical device. (Medical-Dictionary) 

Goniometer- An instrument used to measure angles, particularly range-of-motion 

angles of a joint. (Medical-Dictionary) 

Deep Tissue Massage- A group of massage techniques designed to access multiple 

layers of muscle and fascia to improve alignment, reduce levels of resting tension, and 

create more efficient postural and movement patterns. (Medical-Dictionary) 

Digital Force Pressure Gauge- An instrument used to measure level of tolerated 

soreness/pain in a muscle. 

Summary 

The purpose of this study was to show the effects that a hand held car buffer has 

on DOMS. The significance of this unique technique is that is has been proven to 

increase range of motion, increase pressure tolerance, and increase reported 

pain/general overall feeling. In summary this is an effective tool to have in the case that 

DOMS is likely to happen. 
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DOMS Introduction 

CHAPTER TWO 
Literature Review 

Delayed onset muscle soreness (DOMS) is a phenomenon that has long been 

associated with increased physical exertion (Kravitz, Maes, 2003). DOMS typically 

peaks within 24-48 hours after exercise and is resolved within 5-7 days (Rhea, et al. 

2009). Unaccustomed exercise, especially eccentric contractions, can cause muscle 

damage (Aminian-Far, et al.). This damage can result in decreased muscle force 

production, increased serum creatine kinase activity, ultra structural disruption, 

inflammation, and increased proteolytic activity (Aminian-Far, et al.). 

DOMS shows a decreased range of motion and a reduction in muscle force 

output by as much as 50%. (Mancinelli, et al., 2006). These muscle strength deficits 

may take up to two weeks before they are back to maximal potential (Mancinelli, et al., 

2006). There are very limited solutions used today in order to limit or treat the 

symptoms of DOMS. Outside of typical NSAID (Non-Steroidal Anti-Inflammatory Drug) 

treatments and icing with compression to help treat the effects of DOMS, there are two 

main resolutions: vibration massage and deep tissue massage. NSAIDs have shown 

mixed results for treating DOMS (Mancinelli, et al., 2006). Muscle soreness can be very 

limiting to range of motion. It can cause unwanted soreness and it can be very 

debilitating (Rhea, et al., 2009). Finding ways to decrease these side effects of training 

or to decrease the occurrence of DOMS happening is an important aspect of applied 

exercise science and health promotion (Rhea, et al. 2009). The main objective in sport 

strength and conditioning training is to prevent injury and enhance performance. DOMS 
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can increase the chance of injury and decrease performance. In addition , DOMS may 

cause a reduction in sports activities as well (Rhea, et al., 2009). If an athlete cannot 

participate in practice and/or strength and conditioning sessions, that can hinder the 

main objectives of sports training significantly. A few different main massage 

techniques will be discussed in this chapter and also a couple slightly unorthodox 

methods will be discussed such as vibration, deep tissue, and Middle Eastern massage. 

Deep Tissue Massage Introduction 

When thinking of deep tissue massage usually the first thing that comes to mind 

is a person laying on a table with someone rubbing and massaging them. Although that 

is one method used for deep tissue massage there are other methods out there as well. 

Deep tissue massage therapy is similar to Swedish massage, which is a typical rub 

down, but the deeper pressure is beneficial in releasing chronic muscle tension. The 

focus is on the deepest layers of muscle tissue, tendons and fascia (the protective layer 

surrounding muscles, bones and joints). A study in the Journal of Alternative and 

Complementary Medicine found that people's blood pressure fell after a single 45 to 60 

minute deep tissue massage (Buckle, 2008). Additionally, a 2010 meta-analysis in the 

Journal of Clinical Psychiatry found that massage modalities, like deep tissue, reduce 

stress hormone levels and heart rate while boosting mood and relaxation by triggering 

the release of oxytocin and serotonin (Wen-Hsuan H, 2010) . 

Vibration Massage Introduction 

Manual massage has been around for thousands of years (Opara, et al. , 2010). 

Perhaps the most classic example of this is a massage therapist technique using gentle 

vibrations. The massage therapist performs rapid tapping movements on the skin with 
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his/her hands causing vibration in subcutaneous tissue (Opara, et al. , 2010). Manual 

vibration massage can also be used as a way to drain the bronchial tree in people with 

residual mucus, which leads to improvement of ventilation of lungs (Opara, et al., 2010). 

These two examples are both good ways that vibration massage can be used for 

relaxation, sports recovery, and as a medical method. Today, vibration massage is 

really starting to gain interest in sports recovery. Universities and sports performance 

facilities are starting to incorporate forms of vibration massage into their daily recovery 

and stretching routines. Although most of the techniques used do not require a 

personal masseuse, they can be very expensive as far as equipment needed and 

somewhat inapplicable outside of the athletic or therapeutic facilities in which they are 

housed. 

Middle Eastern Massage Techniques Introduction 

There are two mai,n used types of Middle Eastern massage: hot stone massage 

therapy and acupuncture. Hot stone massage therapy decreases tension, eases 

muscle stiffness and increases circulation and metabolism. It triggers deeper muscle 

relaxation through the placement of smooth, water-heated stones at targeted points on 

the body. The logic behind hot stone massage therapy is that the direct heat of the 

stones relaxes muscles, allowing the therapist access to an individual's deeper muscle 

layers. Combining hot stone protocols with a full body massage provides a very healing 

and effective form of muscle recovery and stress relief. The hot stones also expand 

blood vessels, which encourages blood flow throughout the body. The hot stones have 

a sedative effect that can relieve chronic pain, reduce stress and promote deep 

relaxation (Wen-Hsuan H, 2010). 

6 



Acupuncture is an ancient healing art originating from China. Over 5,000 years 

ago, Chinese people learned that sharpened metal could relieve pain. After many years 

of experimentation, it was found that certain points can be triggered and connected, 

which could relate to certain disease (Zhou, 2012). Today, a meridian, the energy 

channel where chi flows, can be seen and measured through the use of technology. A 

meridian has twelve standard and eight extra channels on both sides of the body, no 

matter what one's age or race is, the path of energy flow is found to be the same. 

However, the meridian system can only be found in living people. Once someone dies, 

the meridian ceases to exist (Zhou, 2012). By puncturing the skin with extremely thin 

needles, in specific areas of the body, the energy flow can be dynamically balanced , 

which gives a person a greater chance to maintain health . During an acupuncture 

session, hormones, like endorphins, are seen to be released, which gives the body a 

sense of well-being , similar to the feeling during exercise. Serotonin levels can also be 

activated to relieve pain through the brain stem (Zhou, 2012). 

Application 

Classical western massage, or Swedish massage, is the most frequently used 

form of massage for athletes (Weerapong, Hume, & Kolt, 2005). It is made up of five 

basic techniques: effleurage, petrissage, tapotement, friction , and vibration (Callaghan , 

1993; Weerapong et al., 2005). The progression of the massage travels from distal to 

proximal and usually lasts approximately 10 to 30 minutes (Cafarelli & Flint, 1992; 

Weerapong et al. , 2005). A classic massage typically begins and ends with soft gliding 

strokes with the palm of the hand, known as effleurage. The beginning effleurage 

strokes then move into deeper stroking, known as petrissage. Petrissage involves a 
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or trained individual to apply the treatment. Deep tissue massage commonly uses 

some of the same strokes as classic massage therapy, but movement is slower and the 

pressure is deeper and focused on areas of tension and pain. 

Deep tissue massage has many benefits. Not only is it used to make athletes 

feel better and recover faster but it can also be used to treat anyone feeling certain 

symptoms that deep tissue massage can help treat. One major benefit and the biggest 

reason most people get deep tissue massages is to relieve stress. Stress is one of the 

most basic instincts and side effects from everyday life and or sport, everyone feels it 

from time to time. The adrenaline increasing your heart rate and the cortisol that 

increases your blood sugar, while diverting energy away from your digestive system and 

immune responses, are exactly what people and even animals need to fight or flight 

(Buckle, 2008). 

Along with stress relief, deep tissue massage also encourages relaxation . 

Another benefit of deep tissue massage is pain and soreness management. For people 

searching to naturally manage their chronic pain, deep tissue massage therapy can 

improve quality of life by benefiting mood as well as manage the pain and soreness. 

When living with chronic pain, massage is an option to turn to for pain relief. Massage 

is also a powerful method for relaxing both mind and body (Wen-Hsuan H, 2010). 

Massage therapy can be a beneficial method for maintaining and increasing 

flexibility and motion. It works on muscles, connective tissues, tendons, ligaments, and 

joints. Frequent deep tissue massage can improve your flexibility and range of motion, 

keeping joints fluid and decreases the chance to be injury prone (Mancinelli, et al., 

2006). One efficient way to fight off high blood pressure naturally is deep tissue 

9 



massage therapy. Long-term studies have shown that a consistent massage program 

can lower diastolic and systolic blood pressure; lower salivary and urinary cortisol 

stress-hormone levels; and decrease sources for depression, anxiety and hostility 

(Wen-Hsuan H, 2010). 

There are multiple ideologies on what qualifies for deep tissue massage. Deep 

tissue massage implies that the therapist penetrates into the muscle tissue, working 

between the muscle tissue fibers. This is difficult to accomplish with broad, gliding 

massage strokes over relaxed muscles. A thorough, full-body deep tissue massage 

would take a couple hours over a several day period to accomplish, regardless of the 

technique being used, and it is not recommended for beginner massage recipients due 

to the large volume of toxins released during such a lengthy, aggressive process 

(Talkington, 2013). 

It is argued that true deep tissue massage techniques are not really a "massage" 

at all because the client does not get to relax until after the treatment is finished. In 

many cases, the treatment more resembles physical therapy than massage therapy, as 

the client is often required to participate by doing a good deal of the work. 

Techniques 

There are five primary techniques for deep tissue massage: 

1. Active Motion: In this technique, the client is working with the therapist in order 

to flex and stretch the muscle being worked as the therapist is applying firm 

pressure on it. When the client flexes a muscle, the fibers spread and the 

therapist can wiggle in between the muscle fibers; when the client stretches or 

relaxes the muscle, it softens to allow the therapist to work in a little deeper. The 
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continuation of this alternating flex and relax/stretch allows for the most effective 

and painless penetration of the muscle tissue possible. Each muscle pair (the 

same muscle on both sides of the body) may take as long as 15-20 minutes to 

work efficiently, but can be sufficiently worked in as little as 5-10 minutes if 

worked lightly. Rolling and active release are two examples of this type of deep 

tissue manipulation (Talkington, 2013). 

2. Passive Motion: This technique is similar to the Active Motion technique, except 

that the therapist is working the muscle with one hand and moving the body part 

being worked with the other hand. This technique is much more relaxing for the 

recipient, but is much more taxing for the therapist. A full-body treatment using 

this technique by a single therapist is nearly impossible, unless your therapist is a 

large, strong individual. Myofascial release is one example of this type of deep 

tissue manipulation (Talkington, 2013). 

3. Static Pressure: In this technique, the therapist is using thumbs, fingertips and 

even elbows to apply firm pressure to individual points on a muscle. In order to 

encourage the muscle to relax and allow penetration in this technique, it is 

necessary for the therapist to move very slowly. One individual muscle may take 

as long as 20 minutes to cover sufficiently, and this technique often causes 

bruising and slight discomfort. Trigger point therapy is one example of this type 

of deep tissue manipulation (Talkington, 2013). 

4. Muscle Stripping: There are at least two variations of Muscle Stripping: Rapid 

and Slow. Rapid Muscle Stripping is the most aggressive and painful of the 

techniques discussed here, but may also be the most effective in extreme cases 
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such as chronic pain conditions caused by incorrectly-healed or untreated past 

injury. In this technique, the therapist is using knuckles or elbows to firmly and 

rapidly "strip" the muscle while the client is breathing deeply and performing a 

rapid stretching movement with the body part being treated. It is recommended 

only in extreme cases, or when a rapid result is desired. In Slow Muscle 

Stripping, the therapist is using thumbs or elbows with very slow, firm, deep 

movements (Talkington, 2013). 

5. Negative Pressure: This technique involves the use of suction cups applied to 

the body, which causes the muscle fibers to expand and separate, as opposed to 

traditional pressure-strokes used in mainstream massage which compress the 

fibers together. By expanding the muscle tissue, it allows for additional space 

within the muscle for lactic acid and other toxins to flow and be released from the 

tissue more completely and more rapidly than with traditional massage 

techniques. The suction that occurs also forces body fluid to flow through the 

tissue, which further encourages toxins to be "flushed" from the area. It also 

allows the therapist to more effectively re-align tight muscle tissue fibers, which 

relieves the proverbial "knot" that is created by tension and excess lactic acid 

buildup. The down-side of this technique is the potential for "hickeys" to occur, 

which can be very alarming to a massage recipient who hasn't been fore-warned 

about their potential for occurrence. This technique is also known as cupping 

therapy or massage cupping. Using less pressure and gliding strokes with the 

suction cups, Negative Pressure may also be used as a relaxing "feel-good" 

massage technique. Many people, including many misled or under-trained 
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massage therapists, mistakenly believe that a Swedish-type massage (a 

massage consisting of long, flowing strokes) that is applied with very firm 

pressure is a "deep tissue massage", but this is not an effective deep tissue 

technique, and this use of the term is inaccurate and misleading. Most 

commonly, deep tissue technique(s) are applied to one or two areas of the body 

during an otherwise relaxing, full-body, Swedish-style massage, which allows for 

a full-body treatment with focus to specific problem areas in a relatively short 

appointment-time. This may be what was originally referred to as a full-body 

"deep tissue" massage and may potentially be the origin of today's 

misconception (Talkington, 2013). 

Deep tissue massage can be used by anyone, age considering. It is most 

commonly used as a muscle stress and soreness reliever. Deep tissue massage is a 

big part of athletics as it helps athletes recover from strenuous exercise. It circulates 

the body's blood to the sore or problem areas which flushes out material and fluids that 

hinder muscle recovery. Deep tissue massage is known as an acute treatment which 

means it has immediate effects but is not long term. Although if massages are applied 

frequently the benefits will continue to be seen. Post workout massages are a good 

way to relax an athlete and ensure a faster recovery. This is why it can be very 

beneficial to athletes. Deep tissue massage is also used in physical therapy as a way 

to cycle out scar tissue and bad fluids to recovering joints and areas of the body. It can 

even be used in a situation such as a vacationer looking to get a simple massage on the 

beach to relax. 
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Athletes who start training with a sudden increase in intensity, such as the start 

of preseason training sessions and practices, often experience muscle soreness mainly 

from eccentric muscle actions (Mancinelli, et. al, 2006) . Up until recent years there had 

never been a sound research study done on the effects of DOMS as it pertains to the 

benefits of treating it with massage. In a study done by Mancinelli, et. al, in 2006, it 

found that massage decreases perceived soreness and increases vertical jump 

displacement in their sample of women collegiate athletes. They also found that 

massage resulted in an increase in the ability to withstand pressure before discomfort 

was reported on the tested area of the body (quadriceps) . 

Vibration Massage 

Vibration massage works by stimulating muscle fibers in the body with wave 

frequencies causing repetitive muscle tissue displacement at the skin 's surface of the 

targeted muscle regions. The brain responds from the vibration stimulus of the muscles 

and increases blood flow to the bones and muscles of those areas (Nemeh, Szatkowski , 

2008). The increase in blood flow to the targeted areas, for the most part sore areas, 

assists with recovery and removal of harmful waste that hinders repair. 

Although at times using vibration massage is not always practical it does have its 

benefits when it is available. One major contributor to sports recovery that vibration 

massage has is aiding muscle recovery (Barnes, et al., 2012). Muscle recovery relies 

on blood flow, therefore increases in blood flow from whole body vibrations could 

accelerate the recovery process by increasing oxygen delivery, muscle temperature, 

and waste product removal that decreases tissue repair (Barnes, et al., 2011 ). Recent 

research has also shown that the application of acute whole body vibrations before 
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eccentric exercise reduces muscle soreness and attenuated isometric torque loss, but 

there is no published research done yet to determine the effect of post-eccentric 

exercise (Barnes, et al., 2011 ). 

Vibration massage is most commonly used by collegiate and pro athletes. It can 

also be seen in a clinical setting used for physical therapy for recovery purposes as it 

increases blood flow and, to some extent, the removal of scar tissue. Although recently 

it is starting to become more of a trend now that people are buying vibration plates for 

home use. There are also certain clinical methods where vibration techniques are used 

to loosen up mucus in cystic fibrosis patients (Pizer, 2013). 

Effects on DOMS 

Studies conducted pertaining to DOMS with a vibration massage treatment have 

a similar study pattern. Generally, the studies look at DOMS created from eccentric 

exercise and then see how vibration massage can help treat it/ prevent it. One example 

of a study done by Rhea, et al. 2009 was the effects of iTonic whole-body vibration on 

delayed onset muscle soreness among untrained individuals. They looked at the pre

eccentric exercise effects that whole-body vibrations had on DOMS. This study used an 

eccentric quadriceps workout on an isokinetic dynamometer machine with a 60°/s range 

of motion in order to induce DOMS. They then treated the individuals with local 

vibration massage to the lower limb for 1 minute. Subjects then performed a downhill 

running bout to see who had less effects of DOMS while exercising. They found that 

this method was effective in attenuating DOMS compared with untreated volunteers. 
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Frequency of Vibrations 

Studies have shown that vibration frequencies between 1 to 150Hz can assist in 

muscle repair by stimulating the muscle and increasing blood flow to the targeted areas 

(Nemeh, Szatkowski, 2008). Lower level and longer frequencies, however have been 

shown to stimulate the muscles a little better. The method used in this study had a 

frequency of 60Hz. The vibrations where applied through a 6" random rotating foam 

head. Vibration frequencies of 5Hz to 14Hz triggers relaxation; 15 to 20Hz activates 

muscle tone, 20Hz to 30Hz increases muscle strength; 30Hz to 45Hz muscle tone and 

muscle strength (Vibration Plate, 2008). 

Deep Tissue Massage Paired With Vibration Massage 

There is very little research on pairing deep tissue massage with vibration 

massage. One example is the use of a hand held car buffer (Weigel, 2013). The buffer 

allows the user to experience vibration frequencies of 60Hz while allowing the user to 

apply various levels of pressure at the same time. The buffer also allows the user to 

really penetrate into the muscles and sore areas by using the edge of the buffer to apply 

direct pressure to the targeted area. 

Another and more popular method is the Jeanie Rub body massager. This 

device has a rectangular shaped vibrating head with multiple levels of frequencies that 

can be controlled by the user. The intensity of the massage is dependent on the speed 

setting , the pressure being applied and if any attachments are being used. 

Experimentation with different speeds, pressure and attachments will determine the 

most suitable massage for each individual (Health Goods, 2011 ). 
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Benefits 

When looking at benefits of combining deep tissue massage with vibration 

massage it provides a great way to relax and help alleviate musculoskeletal conditions. 

It also dilates blood vessels, thus improving blood circulation in targeted areas and 

throughout the body. It can also help improve muscle tone when golgis are stimulated 

and reduce muscular atrophy resulting from forced inactivity or injury (Nemeh, 

Szatkowski , 2008). Golgi tendon organs are located in the collagen fibers of the tendon 

where the tendon and muscle fibers merge (Nemeh, Szatkowski , 2008). The 

combination provides a sedative or stimulating effect on the nervous system depending 

on type or length of massage. It helps to reduce Edema (swelling) of the extremities and 

can help relieve muscle tension and mental stress to aid in a stress reduction and 

relaxation program (Health Goods, 2011 ). 

Functionality 

With all the varieties of treatments possible with deep tissue massage and 

vibration massage it gives the beneficiaries many options to choose from. Taking a 

closer look into deep tissue massage there are a few places in the realm of athletics 

that offer massages through a full-time on-campus masseuses. One is most likely to 

see this in division 1 college athletics and professional sports teams (Venables, 2013). 

When looking at the functionality of vibration massage techniques available there are 

some good opportunities but in limited places. With the main vibration techniques listed 

earlier it gives some great examples of useful tools to use. The Swisswing, vibration 

plates, and Jeanie Rub all have great recovery benefits but have a limited time and 

place for use. All three of these models are things that take up a lot of space, are very 
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large, and very expensive. They are great for pre and post warm up and recovery in a 

gym but can only be used in the gym as they are very heavy and not easily transported . 

When looking at college competition much time is spent on the road traveling. It would 

be beneficial to have a vibration massage technique that can be taken with a traveling 

athletic team for recovery on the road . The Jeanie Rub could be transported but it is a 

larger instrument. Vibration plates and Swisswings are massive pieces of equipment 

and difficult to transport. 

Current Vibration Massage Techniques 

Right now, there are several main techniques being used for vibration massage. 

The main one being vibration plates. Vibration plates are a type of whole body vibration 

technique predominantly used in college athletics and physical therapy clinics. 

However, the effectiveness of whole body vibration for post exercise recovery remains 

equivocal. Acute whole body vibration showed no benefit on running performance 

recovery or metabolism after high intensity intermittent running , whereas a repeated 

bout of whole body vibrations after downhill running reduced muscle soreness and 

muscle inflammation (Barnes, et al., 2012). Another tool being used, again in a college 

and physical therapy setting, is the Swisswing. The Swisswing is a biomechanical 

muscle stimulator that has a vibration drum that provides 20Hz of frequency to the 

muscles (Peer, et al., 2009). Most studies done operate the Swisswing at a frequency 

of 20Hz, however, the level of hertz can be increased or decreased. The Jeanie Rub is 

another more frequently used product. It offers an adjustable dial as well to control 

frequencies and comes with multiple attachments for different methods of use and 

areas of the body. 
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Cost 

Although vibration massage has many benefits, it does not come without paying 

a monetary price. When looking at a few of the products that were discussed earlier, 

there is a high, medium, and low price range seen, however, all of them are not cheap. 

When looking at the most expensive product first, the Swisswing takes that title. 

According to Square Market, an online store, the Swisswing costs $8,500. This is why 

the Swisswing is really only seen in major universities and sports performance gyms. 

The next most expensive product that falls in the medium price range, in terms of this 

review, is the vibration plate. The vibration plate is more known and has multiple 

producers of the concept. There are many different variations of the vibration plate, 

therefore a wide price range is seen depending on the model. Vibration plates can be 

purchased anywhere from $10,500-$875 (Power Plate pro5™ Airdaptive), (DUAL 

MOTOR Whole Body Vibration Power Vibe Plate Exercise Machine). Finally moving on 

to the least expensive of the products, the Jeanie Rub. The Jeanie Rub costs $192, but 

that is without the attachments with it. If you want to purchase it with the attachments, 

advisable if one wants the full potential of the equipment, it will cost $300 (Health 

Goods, 2011 ). 

Time 

Once vibration massage is available, it really does not take a lot of time to do. 

Investigating vibration massage applied to a warm up standpoint, research shows that it 

only takes a minute of massage per major muscle groups in order to be effective. The 

same protocol is seen for post exercise application and/or for recovery. However, these 

findings so far are only acute tests done to see effects. 
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Availability 

Vibration massage is something that is hard to come by. Unless someone is a 

collegiate athlete, professional athlete or is paying for physical therapy or massage 

therapy, it is very difficult to find a vibration massage tool. Even if someone was looking 

to purchase their own form of vibration massage tool, in order to get something that is 

effective like the vibration plates, Swisswing, or Jeanie Rub, only limited places carry 

those items and at a costly price. 

Practicality 

The practicality of current vibration massage tools is not the greatest. Most are 

very bulky, hard to transport, and expensive. It is almost impossible to use outside of 

the place where it is held. Being a college or professional athlete means that they are 

training almost every day and on the days that they are not training they are competing . 

This also means that they are on the road a lot while competing . As mentioned before 

vibration massage has only been used as an acute form of treatment, meaning the 

effects are seen immediately after use. Reasoning for why a person would use 

vibration massage, it is most likely used as a form of recovery. Once an athlete is on 

the road and experiencing that post competition soreness they will not have vibration 

massage as an option with the currently used tools. 
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CHAPTER THREE 

Methodology 

The purpose of this study was to simulate a deep tissue massage and a form of 

vibration therapy with using a hand held car buffer. This study took place at Winona 

State University in the fitness center located in the Integrated Wellness Complex (IWC). 

The study took place over the course of three consecutive days, each day beginning at 

eight o'clock a.m .. The subjects for this experiment were trained male strength and 

conditioning interns, interning with the Winona State University strength and 

conditioning program and chosen by volunteering their time. 

This experiment was done on a total of 15 trained collegiate males. There was a 

total of 10 subjects that received the buffer treatment and a total of 5 subjects that were 

part of a controlled group; they did not receive any buffer treatment. Both the controlled 

and buffer groups were exposed to the same workout and 3 day measurement scheme. 

All subjects were between the ages of 20-26. Subjects came in on the first day and 

current soreness levels were recorded using the PP (Perceived Pain) scale. For the PP 

scale the subjects were asked to describe their level of soreness on a scale of 1 to 10, 1 

being not sore at all and 10 being the sorest they have ever felt. Subject's hamstring 

soreness was then assessed by a digital force gauge (Wagner FOX). 
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Pressure was applied on the midway point of the bicep femoris. Subjects were 

instructed to lie in the prone position for the measurement and were instructed to alert 

the tester at the first sign of discomfort from the force gauge. The subject's hip mobility 

(hamstring) was also recorded in the pre-test with a goniometer. The fulcrum was 

placed along the femoral head of the supine subject with the stationary arm of the 

goniometer running parallel to the subject's torso. The subject was then instructed to lift 

up their right leg into hip flexion keeping the right quadriceps tight and the left leg flat. 

u 

The subjects then performed a high volume hamstring exercise bout. The exercise 

consisted of 3 sets of 15 reps on a stability ball performing hamstring curls, 4 sets of 8 

reps machine glut/ham raises, and 4 sets of 8 reps Romanian deadlift. For the 

hamstring curls the subject's laid supine on the ground with their heels up on a Swiss 

ball. They then raised their hips up for the duration of the exercise while curling the 

Swiss ball in towards their gluts. Weight for the Romanian deadlift was determined by 

the subject's clean max multiplied by 120% divided by 75% (ie. 100 lbs clean x 120%= 

120 lbs, 120 lbs I 75%= 90 lbs). 
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Subjects were instructed to not stretch or be physically active the remainder of the day. 

The subjects then returned the next day, at the same time, to be re-measured for 

muscle soreness on the PP scale, digital force gauge soreness, and then mobility at the 

hip in degrees using a goniometer. The car buffer was then used for vibration massage 

on the hamstrings of the subjects. Subjects received buffer treatment for 1 minute in an 

up and down pattern, long ways, on the hamstring. 

The PP scale, digital force gauge soreness, and hip mobility with the goniometer were 

then retested. The subjects were then instructed to restrain from stretching and 

physical activity again for the remainder of the day. Subjects then returned the following 

day, again at the same time. The steps from the previous day were repeated and data 

was recorded for both days. The subject's data was compiled in a spreadsheet and 

averages, increases of flexibility, and decreases of muscle soreness were compared 
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from the control group (no buffer treatment) to the experimental group (received buffer 

treatment). Averages from the control and buffered groups for hamstring flexibility, 

digital force gage, and PP scale were then statistically ran with a T-test to find their p

values. Subject's names are not used for the study data collection . Subjects are 

identified by subject 1, subject 2, subject 3, ect. 

All 15 subjects were always on time to start, followed the study guidelines, and 

completed the study. The study went very smooth and was completed with minimal 

problems and no setbacks. 
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CHAPTER FOUR 

Results and Discussion 

This chapter will be looking at the study's results. It will give a day-to-day 

comparison between the two test groups, control and buffer. The data being compared 

between the two is the statistical analysis and the three pre and post-test 

measurements, hip flexion, pressure, and perceived pain. At-test was conducted for 

the statistical aspect of the results, finding significant difference for all three 

measurements between the control and buffer groups. This chapter goes into detail 

about the rest of the study's findings. 

Table 1. 

Hip Flexion ( 0
) Pressure (lbs) Percived Pain 

Pre Post Pre Post Pre Post 

.... Day 1 81.8 24.2 2.4 
Q) - Day 2 70.5±14.1 90.2±14.3* 18.16±5.3 22.33±5.8* 5.9±1.9 2.8±1. 7* -::s cc 

Day 3 80.7±18.9 91.4±16.1* 18.3±5.5 22.5±5.4* 5.5±2.3 2.9±1.4* 

0 Day 1 80.33 22.26 1.55 .... 
+' Day 2 77.7±10.4 78.1±9.6 20.5±6.7 20.7±7.6 2.8±1.1 2.8±1.1 c: 
0 
u Day 3 73.7±13.5 74.9±12.7 19.9±6.9 19.6±6.4 3.3±1.7 3.3±1.7 

*Significant difference (p<.05) compared to pre buffer 

Results 

The 10 subjects that received the buffer treatment averaged the following results. 

For day one hip flexion was 81.8°, digital force pressure was 24.23 lbs, and PP was 2.4. 

Day 2 averages for the 10 subjects was as followed, pre hip flexion was 70.5°, and post 

was 90.2°. Pre digital force pressure was 18.16 lbs, and post was 22.33 lbs. Pre PP 

was 5.9, and post PP was 2.8. Day 3 results averages showed a pre hip flexion of 
25 



80.7°, and a post of 91.4°. Pre digital force pressure was 18.31 lbs, and post was 22.52 

lbs. Pre PP was 5.5, and post was 2.9. The results for average increases for the 10 

subjects that received buffer treatment were as follows. Day 1, no comparisons, only 

one measurement was taken on day 1. Day 2 hip flexion showed an average increase 

of 19.7° after buffer treatment was applied between pre and post measurements. 

Digital force pressure increased by 4.17 lbs after buffer treatment was applied between 

pre and post measurements. Finally PP decreased by 3.1 after buffer treatment was 

applied between pre and post measurements. Day 3 average increases are as follows. 

Hip flexion increased by 10. 7° after buffer treatment was applied between pre and post 

measurements. Digital force pressure increased 4.21 lbs after buffer treatment was 

applied between pre and post measurements and PP decreased by 2.6 after buffer 

treatment was applied between pre and post measurements. 

Moving on to the 5 controlled subjects that did not receive any buffer treatment 

between pre and post measurements. Day 1 averages were hip flexion 80.33°, digital 

force pressure 22.26 lbs, and PP 1.55. Averages for day 2 for pre hip flexion was 

77.67°, and post was 78.1°. Pre digital force pressure was 20.46 lbs, and post was 

20.66 lbs. Pre PP was 2.78, and post was 2.78. Day 3 average results for the 

controlled subjects showed pre hip flexion of 73.67°, and post at 7 4.87°. Pre digital 

force pressure was 19.93 lbs, and post was 19.63 lbs. Pre PP was 3.33, and post PP 

was 3.33. The average increases for the 5 controlled subjects that did not receive any 

buffer treatment are as follows. Day 1, no comparisons, only one measurement was 

taken on day 1. Day 2 Hip flexion increased 0.43° between pre and post 

measurements. Digital force pressure increased by 0.2 lbs between pre and post 

26 



measurements. PP did not change between pre and post measurements. Day 3 

showed an increase in hip flexion of 1.2° between pre and post measurements. Digital 

force pressure decreased by 0.3 lbs between pre and post measurements. PP did not 

change between pre and post measurements. P-values for the buffer group from day 2 

and 3 pre to post hip flexion measurements were 0.0003 and 0.0007. P-values for the 

buffer group from day 2 and 3 pre to post digital force pressure were 0.0006 and 

0.0037. P-values for the buffer group from day 2 and 3 pre to post PP were 0.0006 and 

0.0003. P-values for the control group from day 2 and 3 pre to post hip flexion 

measurements were 0.587 and 0.6657. P-values for the control group from day 2 and 3 

pre to post digital force pressure were 0.7227 and 0.4032. 

Discussion 

The results show a significant difference in hip flexibility, digital force pressure, 

and PP between the buffered subjects and the non-buffered subjects. When looking at 

the average increases between the two there is a 19.7° increase of hip flexion for day 2 

in the group that received the buffer treatment whereas in the group that did not receive 

buffer treatment only showed a 0.3° increase in hip flexion for day 2. The results also 

show for day 3 an average increases of 10.7° of hip flexion for the buffered group but a 

0.4° decrease in hip flexion for the non-buffered group. Similar results are also seen for 

digital force pressure and also PP for average increases on days 2 and 3. Perhaps the 

most compelling findings though are seen in the control group's pre measurements prior 

to buffer treatment to the post measurements immediately after receiving buffer 

treatment. Increases were seen in all 3 categories of both day 2 and 3 of 

measurements. Looking at p-values for the measurements the results show significant 
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statistical data. Every pre to post measurement for hip flexion, digital pressure, and PP 

in the buffered group showed a p-value under 0.05 meaning that statistically the buffer 

had a positive effect. Looking at the statistical data for the control group, every pre to 

post measurement for hip flexion, digital pressure, and PP showed a p-value greater 

than 0.05. 

The purpose of the high volume was to produce a significant amount of 

soreness/DOMS in order to show the effects that vibration massage, with a car buffer, 

has on muscle soreness and joint mobility. As DOMS is at its peak 24-48 hours out of 

an exercise bout (Maes, et al), it was beneficial to record two days of data. In 

conclusion the data would suggest that the use of a hand held car buffer can decrease 

DOMS, increase flexibility, and decrease muscle soreness. Although the long-term 

effects of the use of a hand held buffer did not pertain to this study, the immediate 

before and after effects are quite clear. 

Summary 

A brief (one minute) application of a hand held buffer does have at least a short 

term effect on DOMS. These effects include an increase in range of motion, an increase 

in pressure tolerance, and a decrease in reported pain. Practical applications for this 

device are that strength and conditioning professionals can use a hand held buffer on 

their athletes/clients to reduce the effects of DOMS by using it pre- and post-workout on 

their affected muscle groups. 
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Implications 

CHAPTER FIVE 

Summary and Conclusions 

In the strength and conditioning realm the largest goal of any coach is always 

injury prevention . Taking care of their athletes is a huge priority and with this method of 

using a care buffer to relive symptoms of DOMS ensures that their athletes will feel 

fresh from workout to workout or game to game. With this technique it gives coaches 

and athletes the opportunity to take recovery on the road whereas before they never 

had that option . The findings of this study clearly acknowledge the major advantages 

that this technique offers. Although this study was designed to see what implications a 

hand held car buffer had on DOMS of athletes it is also applicable to anyone wanting to 

treat soreness in general, athlete or not. So many people in the general public 

experience soreness from their jobs, doing yard work or chores around the house, and 

everyday activities. A simple application of the buffer treatment will relieve these 

individuals of some of that soreness. 

Future Research 

To further this research, I have conducted another research study, which added 

magnets to the buffer concept as a way to increase blood flow to the targeted areas. 

Four neodymium magnets with a gauss rating of 13,200 each were attached to the head 

of the buffer. The theory is that as the buffer comes in contact to the skin the magnets 

will pull the earth metals in the blood to the surface of the targeted area increasing 

blood flow, more blood flow equals faster recovery. This subsequent research showed 

positive results and will be discussed in detail later this year. 
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Summary 

Continuation of this research is of great demand. There is very little research at 

this point on the benefits of combing vibration and deep tissue massage simultaneously. 

The buffer significantly improves the symptoms of DOMS.This technique is very 

practical and easy to use for any population of people. I am very optimistic about what 

the future on this subject matter holds. 
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APPENDIX A: Informed Consent Document 

Effects of Vibration Massage on DOMS, Using A Car Buffer 

The purpose of this study is to determine if massaging a muscle with a hand held 

buffer can minimize the symptoms of DOMS (e.g. muscle tightness, tenderness, 

swelling) following a workout. 

The importance of using a hand held buffer to decrease soreness and increase 

flexibility is to ensure athletes or anyone who uses it maintains muscle flexibility and 

feels good workout to workout. This is important as it will help prevent people from 

being tight and sore during subsequent workouts and every day activities. 

Benefits of this study will include a supervised lower body workout and a new 

technique to potentially relieve muscle soreness. 

With every workout there is always a small risk of injury. Injuries to the hips, 

knees, and ankles are the most common along with muscle, tendon, and ligament 

sprains, strains, and tears. These will be minimized by having supervised sessions and 

monitoring technique. 

For the workout portion of the test, please be sure to wear a comfortable fitting T

shirt, sweat pants or shorts and workout shoes. You may eat prior to the sessions but 

try to avoid lifting activities 24 hours prior to the exercise and data collection sessions. 

Also once the study has started please be sure not to take any nonsteroidal anti

inflammatory drugs (NSAIDS), as well as any cold showers to relieve any soreness 

symptoms. 
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This test will run over a 3-day period . On the first day, you will come in and first 

have your flexibility, girth, and test of tenderness measured followed by one workout 

session consisting of hamstring curls on a stability ball with 3 sets of 15 repetitions, 

glute/ham raise for 4 sets of 8 reps, and barbell Romanian deadlift for 4 sets of 8 reps . 

Weight for the Romanian deadlift will be determined by the subjects clean max 

multiplied by 120% divided by 75% (ie . 100 lbs clean x 120%= 120 lbs, 120 lbs I 75%= 

90 lbs). The two following days, hamstring flexibility will be measured and you will be 

asked your level of soreness based on a scale of 1-10 (Perceived Pain Scale). Muscle 

tenderness will also be measured with a pressure gauge placed against your skin . To 

measure hamstring flexibility, you will be measured with a goniometer (basically a 

protractor for measuring angles) prior to being massaged by the hand held buffer. You 

will then be massaged with the buffer on your hamstring for 45-seconds and hamstring 

flexibility will then be reassessed with the goniometer. These same data collections will 

then be followed the next day. 

The workout portion of the test will take about 45 minutes total. This will include 

pre workout measurements, a warm-up, instructions, and the workout. The data 

collection portion of the test will be two 45-minute sessions, including a questionnaire, 

flexibility test, girth measurement, and test of tenderness. 

Participation in this study is voluntary. A decision not to participate will involve no 

penalty or loss of benefits to which you are entitled . You may discontinue participation 

at any time without penalty or loss of benefits. A decision not to participate or a decision 

to withdraw from the study will not affect your current or future relationship with Winona 
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State University and/or the institution/agency on whose behalf the research is being 

conducted. 

For questions about this research project, contact Eric Weigel at (608) 391-0375 

or email at eweigel@winona.edu 

AGREEMENT TO PARTICIPATE 

You are making a decision whether or not to participate in the study described 

above. Participation is voluntary. You may withdraw at any time without prejudice after 

signing this form. Your signature indicates that you have read the information provided 

above, had an opportunity to ask questions about the study, and have decided to 

participate. 

Participant Signature: ________________ Date: _____ _ 
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APPENDIX B: Results Tables 

Received Buffer 
PP (Percived Pain 1-

Subject 1 Hip Flexion Pressure (lbs) 10) 
Day 1 100° 30+ 1 
Day 2 Pre 89° Post 102° Pre 18.92 Post 28.58 Pre 8 Post 1 

Day3 Pre 111° Post 115° Pre 26.08 Post 28.58 Pre 1 Post 1 

PP (Percived Pain 1-
Subject 2 Hip Flexion Pressure (lbs) 10) 
Day 1 68° 25.14 6 
Day2 Pre 71° Post 80° Pre 22.36 Post 28.68 Pre 3 Post 1 
Day 3 Pre 78° Post 82° Pre 18.96 Post 30+ Pre 6 Post 4 

PP (Percived Pain 1-
Subject 3 Hip Flexion Pressure (lbs) 10) 
Day 1 75° 18.88 7 
Day 2 Pre 82° Post 94° Pre 14.44 Post 18.06 Pre 8 Post 5 
Day 3 Pre 86° Post 93° Pre 18.44 Post 20.20 Pre 4 Post 2 

PP (Percived Pain 1-
Subject 4 Hip Flexion Pressure (lbs) 10) 
Day 1 62° 30+ 3 
Day 2 Pre 68° Post 76° Pre 27.97 Post 29.92 Pre 5 Post 1 
Day 3 Pre 83° Post 94° Pre 24.78 Post 27.94 Pre 4 Post 1 

PP (Percived Pain 1-
Subject 5 Hip Flexion Pressure (lbs) 10) 
Day 1 70° 30+ 1 
Day 2 Pre 70° Post 85° Pre 30+ Post 30+ Pre 8 Post 5 
Day 3 Pre 72° Post 81° Pre 30+ Post 30+ Pre 7 Post 4 

PP (Percived Pain 1-
Subject 6 Hip Flexion Pressure (lbs) 10) 
Day 1 89° 16.14 1 
Day 2 Pre 70° Post 92° Pre 15.80 Post 20.02 Pre 5 Post 3 
Day 3 Pre 71° Post 86° Pre 16.24 Post 24.26 Pre 7 Post 4 
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PP (Percived Pain 1-
Subject 7 Hip Flexion Pressure (lbs) 10) 
Day 1 65° 30+ 1 
Day2 Pre 59° Post 73° Pre 17.10 Post 20.96 Pre 8 Post 3 
Dav 3 Pre 48° Post 61° Pre 16.44 Post 18.86 Pre 9 Post 5 

PP (Percived Pain 1-
Subject 8 Hip Flexion Pressure (lbs) 10) 
Day 1 76° 24.74 1 
Day2 Pre 72° Post 75° Pre 9.56 Post 13.36 Pre 3 Post 1 
Day 3 Pre 69° Post 84° Pre 10.00 Post 12.48 Pre 7 Post 2 

PP (Percived Pain 1-
Subject 9 Hip Flexion Pressure (lbs) 10) 
Day 1 115° 19.56 1 
Day2 Pre 112° Post 117° Pre 12.10 Post 16.00 Pre 5 Post 5 
Dav 3 Pre 115° Post 119° Pre 12.14 Post 15.54 Pre 3 Post 2 

PP (Percived Pain 1-
Subject 10 Hip Flexion Pressure (lbs) 10) 
Day 1 98° 17.88 2 
Day 2 Pre 82° Post 108° Pre 13.34 Post 17.74 Pre 6 Post 3 
Day 3 Pre 74° Post 99° Pre 10.00 Post 17.36 Pre 7 Post 4 

Controlled (No Buffer) 
PP (Percived Pain 1-

Subject 1 Hip Flexion Pressure (lbs) 10) 
Day 1 94° 25.14 2 
Day2 Pre 93° Post 91° Pre 22.62 Post 21.18 Pre 3 Post 3 
Day 3 Pre 94° Post 96° Pre 20.42 Post 18.26 Pre 2 Post 2 

PP (Percived Pain 1-
Subject 2 Hip Flexion Pressure (lbs) 10) 
Dav 1 72° 12.7 1 
Day 2 Pre 67° Post 69° Pre 6.78 Post 5.43 Pre 4 Post 4 
Day 3 Pre 65° Post 64° Pre 6.33 Post 7.23 Pre 5 Post 5 
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PP (Percived Pain 1-
Subject 3 Hip Flexion Pressure (lbs) 10) 
Day 1 92° 19.88 2 
Day2 Pre 83° Post 84° Pre 18.04 Post 23.80 Pre3 Post 3 
Day 3 Pre 84° Post 82° Pre 18.49 Post 17.29 Pre 5 Post 5 

PP (Percived Pain 1-
Subject 4 Hip Flexion Pressure (lbs) 10) 
Day 1 88° 20.34 2 
Day2 Pre 85° Post 86° Pre 18.56 Post 17.51 Pre 4 Post 4 
Day 3 Pre 83° Post 82° Pre 16.86 Post 17.20 Pre 5 Post 5 

PP (Percived Pain 1-
Subject 5 Hip Flexion Pressure (lbs) 10) 
Day 1 67° 27.22 1 
Day2 Pre 67° Post 67° Pre 27.00 Post 27.68 Pre 1 Post 1 
Day 3 Pre 57° Post 62° Pre 27.86 Post 27.44 Pre 1 Post 1 

Result Averages 

Results/With Buffer 

Averages Hip Flexion Pressure (lbs) PP {Percived Pain 1-10) 

Day 1 81.8° 24.23 2.4 

Day 2 Pre 70.5° Post 90.2° Pre 18.16 Post 22.33 Pre 5.9 Post 2.8 

Day 3 Pre 80.7° Post 91.4° Pre 18.31 Post 22.52 Pre 5.5 Post 2.9 

Average Increases Hip Flexion Pressure (lbs) PP {Percived Pain 1-10) 

Day 1 N/A N/A N/A 

Day 2 19.7° 4.17 3.1 

Day 3 10.7° 4.21 2.6 
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Results/Controlled (Without Buffer) 

Averages Hip Flexion Pressure (lbs) PP (Percived Pain 1-10) 

Day 1 80.33° 22.26 1.55 

Day 2 Pre 77.67° Post 78.1° Pre 20.46 Post 20.66 Pre 2.78 Post 2.78 

Post 

Day 3 Pre 73.67° 74.87° Pre 19.93 Post 19.63 Pre 3.33 Post 3.33 

Average Increases Hip Flexion Pressure (lbs) PP (Percived Pain 1-10) 

Day 1 N/A N/A N/A 

Day 2 0.43° 0.2 0 

Day 3 1.20 Decreased 0.3 0 

Statistical Analysis: T-test 

Buffer P-Value 
Day 2 Pre Hip Flexion : Day 2 Post Hip Flexion 0.0003 
Day 3 Pre Hip Flexion ; Day 3 Post Hip Flexion 0.0007 
Day 2 Pre Pressure ; Day 2 Post Pressure 0.0006 

Day 3 Pre Pressure 
I 

1 Day 3 Post Pressure 0.0037 
I 

Day 2 Pre PP 1 Day 2 Post PP 0.0006 

Day 3 Pre PP 1 Day 3 Post PP 0.0003 

Control P-Value 
Day 2 Pre Hip Flexion ~ Day 2 Post Hip Flexion 0.587 
Day 3 Pre Hip Flexion : Day 3 Post Hip Flexion 0.6657 

Day 2 Pre Pressure : Day 2 Post Pressure 0.7227 

Day 3 Pre Pressure ; Day 3 Post Pressure 0.4032 

Day 2 Pre PP i Day 2 Post PP 0 
Day 3 Pre PP 

I 

1 Day 3 Post PP 0 
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