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Ankle injuries account for 10-20% of time loss injuries in sports

with almost 85% of these injuries being sprains, the majority of

which occur to the lateral ligamentous complex. With statistics such

as these it becomes important that the Athletic Trainer establish a

method for effective and efficient means to safely rehabilitate

injuries. This study was designed to measure the response of skin

surface temperature to an application of high voltage pulsed galvanic

current (HVPGC). Three hypotheses were tested in this study:

1 ) No significant difference would exist in skin surface

temperature response as a result of applying ice or applying

ice plus HVPGC.



2) No significant difference would exist in skin surface

temperature response patterns over a span of 30 minutes as a

result of the application of ice or ice plus H4PGC.

3) No significant difference would exist in skin surface

temperature response patterns of male and female subjects

over a span of 30 minutes as a result of the application of

ice or ice plus HVPGC.

Twenty-two healthy adult subjects volunteered to participate in

this study. A repeated measures design was used with each subject

being tested under each of the testing conditions: 1) a slush bucket

cooled to 1-2°C and 2) a slush bucket cooled to 1-2°C with the

introduction of a positive polarity HIRGC of 80 pulses per second.

Each testing condition was administered one time for 30 minutes with

a one week minimun time period between testing conditions. Skin

surface temperatures were measured every 2.5 minutes from time 0

through time 30 minutes.

An analysis of variance was computed using the treatment

conditions and time (0.0, 2.5, 5.0, 7.5, 10.0, 12.5, 15.0, 17.5,

20.0, 22.5, 25.0, 27.5, and 30.0 minutes) as the independent

variables. When a significant difference between variables was

determined a Scheffe test was conducted to determine significant

difference in each testing condition at selected points in time.



Within the limitations of this study is was concluded:

1) No significant difference existed in skin temperature

response as a result of applying ice or ice plus HVPGC.

2) No significant difference existed in skin surface

temperature response patterns over a span of 30 minutes as a

result of the application of ice or ice plus HVPGC.

3) No significant difference existed in skin surface

temperature response patterns of male and female subjects

over a span of 30 minutes as a result of the application of

ice or ice plus HVPGC.
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RESPONSE OF SKIN SURFACE TEMPERATURE TO AN

APPLICATION OF HIGH VOLTAGE PULSED GALVANIC CURRENT (HVPGC)

AS A TREATMENT METHOD FOR SPORTS INJURIES

CHAPTER I.

INTRODUCTION

Ankle injuries account for 10-20% of time loss injuries in sports

with almost 85% of these being sprains to the lateral ligamentous

complex (29, 35, 38, 86). These statistics would indicate that a

lateral ankle sprian is a common occurrence in Athletic Training.

For the Athletic Trainer the establishment of the most efficient and

effective means of treatment becomes extremely important.

Statement of the Problem

The research problem was to evaluate the response of skin surface

temperature to an application of high voltage pulsed yalvanic current

(HVPGC), as a treatment method, to the ankle of healthy subjects at

selected points of time.

Rationale for the Study

Proper immediate care can serve to reduce rehabilitation time by

limiting the amount of swelling that will occur due to secondary
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injury. While the primary injury cannot be controlled, the control

of the physiological processes associated with secondary injury is

most important.

Secondary injury occurs as a direct result of primary injury.

Vascular collapse suffered during primary injury will cause a

decrease in the supply of oxygenated blood to the injury site.

Uninjured tissues on the periphery of the injury site will fall into

a state of hypoxia, establishing a need for the cells to provide

energy anaerobically in order to survive. Anaerobic functioning is

less efficient than aerobic functioning. A steady decrease in the

amount of ATP being generated results and the cell eventually does

not have enough energy to maintain membrane and intracellular

structures. These structures begin to breakdown and the cell dies

(110).

When cells are damaged structurally, they liberate substances

that initiate the inflammatory response. This response is designed

to protect the body from injurious agents. The first change noted is

an increased permeability of the blood vessels near the injury site

as the endothelial cells in the vessel walls contract and pull away

from each other. The gaps that are formed allow for the movement of

fluids and solids out of the vessel. In the non-injured state, the

blood vessels maintain a degree of permeability that allows for the

normal movement of proteins and plasma in and out of the vessels to

maintain cellular functioning. These proteins are responsible for

pulling fluids back into the vessels. But with the increased

permeability of the injured vessels the proteins escape out of the
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vessel and perform the opposite role of what they do normally by

pulling fluids from the blood vessel and causing swelling.

Swelling is a great enemy of healing because it increases pain,

reduces blood flow, and enhances the development of secondary

injury. The goal in early treatment is to delay or minimize

swelling. By limiting the swelling, pain and the magnitude of the

injury is reduced. The use of cold, in any form, has become accepted

universally as the treatment of choice for acute musculoskeletal

injuries (8, 28, 35, 49, 50, 57, 63, 102, 113). Cold plays a crucial

role in delaying or minimizing swelling and controlling secondary

injury.

Effects of Cold

Ice acts in two ways to control secondary injury. First, the

lower temperature induces vasoconstriction, which lessens capillary

permeability which makes the blood become more viscous. This causes

less blood to flow into the area and the resultant hematoma is

smaller (11, 41, 96).

Secondly, ice acts to reduce the cellular metabolism in those

cells which escaped primary injury. By decreasing the cellular

demand for oxygen, cells are put into a state of partial hibernation

and thus can remain alive with the decreased supply of oxygen imposed

by the disruption of local blood flow (66, 73, 120, 121).

Cold has stimulated a great deal of literature but little

controlled research. Articles have been written about cold producing
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anesthesia (1, 73, 88, 109, 123, 132), decreasing pain (31, 111, 127,

133), decreasing spasm (47, 93, 94, 115, 128, 130), increasing

relaxation (72, 88), allowing earlier mobilization (6, 109, 123),

increasing range of motion (21, 59, 81, 111), breaking the pain-

spasm-pain cycle (22, 127, 128), increasing circulation (7, 26, 36,

41), decreasing circulation (10, 15, 43, 56, 126), effecting blood

pressure (13, 26, 40, 81, 97, 134, 132), effecting motor performance

(23, 24, 27, 33, 44, 53, 62, 83, 103, 104), effecting nerve

conduction velocity (21, 45, 75, 79, 92, 99) and controlling edema

(34, 84, 87).

Effects of High Voltage Pulsed Galvanic Current

Galvanic current has been known since the 18th century when Luigi

Galvani noticed that freshly dissected frogs laying on a metal tray

twitched when a spark was produced between two electrodes. This type

of current is classified as low voltage and is characterized by a

wave form that lasts for seconds and has an amperage sufficient

enough to produce a "bite" when applied.

A more recent development has been the use of a pair of very

short high voltage pulses. This pulse pair occurs in less than 100

microseconds and has a very fast rise time. The current is used

successfully with minimal pain apparently because the short pulses

contain sufficient high energy with low amperage.

Controlled research with HVPGC has been minimal but research has

been done dealing with the effects, either directly or indirectly, of
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high voltage pulsed galvanic current on pain (3, 14, 42, 73, 116,

131, 135), joint mobility (117), peripheral blood flow (125, 134),

wound healing (9, 20, 39, 119, 122, 125), muscle spasm (12), edema

(73, 98) and joint contractures (12, 17). However, nothing has been

written directly on temperature reduction.

Hypothesis

Three hypotheses were considered in this study:

1) Skin surface temperature response would be the same for both

testing conditions. No significant difference would exist

in skin surface temperature as a result of applying ice and

applying ice plus HVPGC.

2) Skin surface temperature response patterns over 30 minutes

would be the same for both testing conditions. No

significant difference would exist in skin surface

temperature response patterns over a span of 30 minutes as a

result of the application of the two treatments.

3) Skin surface temperature response patterns over 30 minutes

would be the same for males and females. No significant

difference would exist in skin surface temperature response

of female and male subjects.

Each hypothesis was tested at the .05 level of significance.



6

Assumptions

Three assumptions were made:

1) That the sample is representative of the population.

2) That injured and non-injured ankles will react identically

to therapeutic applications of cold and cold with HVPGC.

3) That thirty minutes is sufficient time to produce results.

Limitation

This study was limited to healthy ankles. No attempt was made to

measure injured ankles.

No attempt was made to measure the effect of cold on blood flow

or secondary injury. Skin temperature was the only variable used to

determine the effect of the testing conditions.

Definitions

Acute Injury - An injury characterized by a sudden onset of symptoms

and having a sharp rise and a short course.

Primary Injury - The initial phase of acute injury involving damage

to the immediate site of trauma. This includes damage to both
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structural and associated tissues (muscles, tendons and ligaments

are structural tissues; nerves, capillaries and blood vessels are

associated tissues).

Secondary Injury - The phase of acute injury involving dysfunction

and death of tissue surrounding the primary site which escaped

the primary injury, but suffered hypoxic injury as a loss of

physiological support secondary to the primary injury.

Ampere - A unit of electrical current.

Electrode - A medium used to apply electric current.

Electromotive Force - A potential difference causing an electric

current to flow. The unit of electromotive force is the volt.

Galvanic or Direct Current (DC) - A continuous, waveless,

unidirectional current of low voltage.

Ohm's Law - Law of physics which states that the strength of an

electric current in a DC circuit is directly proportional to the

applied electromotive force and inversely proportional to the

resistance of the circuit. When I = current, V = electromotive

force, and R = resistance, I = V/R.



8

Pulse - With reference to electric current, a signal of short

duration describable in terms of rise time, decay, duration and

amplitude.

Active Electrode - Stimulating electrode.

Volt - The unit of electrical potential and electromotive force.

Voltage - The electromotive force or difference in potential, usually

expressed in volts.
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CHAPTER II.

REVIEW OF THE LITERATURE

Approximately 10-20% of all time loss injuries in athletics

involve the soft tissues and associated tissues and structures of the

ankle (29). The majority of these injuries involve tearing or

stretching of these tissues or structures (86, 38). When this

happens the body responds to the tissue damage in two phases; the

primary injury phase and the secondary injury phase.

Primary Injury Phase

Inflammatory Response

Primary injury occurs immediately and causes the body to initiate

the inflammatory response. This is a normal response whereby

bradykinin, histomine, prostaglandins, lytic enzymes, blood cells and

plasma all enter the injured region (73).

Bradykinin

Bradykinin is a small polypeptide that causes very powerful

vasodilation and increased cell permeability. It has also been shown

to evoke pain by acting on nerve endings (45).
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Histamine

Histamine is released by almost every tissue in the body when

damage occurs to that tissue. Histamine is released from the mast

cells of the tissue and relaxes fine blood vessels increasing their

permeability (45).

Prostaglandins

Prostaglandins are synthesized in the tissues and act

synergistically with bradykinins to amplify pain by sensitizing the

afferent nerve endings to chemical and mechanical stimulations.

Prostaglandins are also potent vasodilators, produce erythema and

increase the permeability of blood vessels (73).

Edema

The cumulative effect of bradykinin, histamine and prostaglandin

release causes the endothelial cells in the vessel walls to contract

and pull apart. These gaps allow for the movement of fluids, blood

solids (proteins) and plasma out of the vessel. In the non-injured

state the blood vessel maintains a high degree of permeability that

allows for normal movement of proteins and plasma in and out of the

vessel to maintain cellular functioning. These proteins are normally

responsible for pulling fluids back into the vessel but with the

increased permeability of the injured vessel the proteins migrate to
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the injury site and actually pull fluids out of the vessel into the

injury site. This leads to edema formation.

Hematoma

Primary injury is also characterized by hematoma formation.

Tissues which have suffered a direct trauma will rupture and die

quickly, leaving a mass of dead tissue. Direct trauma often results

in an immediate rupture of the vasculature at the injury site,

causing direct hemorrhaging from the vasculature into the

extracellular areas. This hemorrhaging continues until fibrinogen in

the plasma causes extracellular fluid to clot and causes tissue

thickening (137).

Tissue Repair

After the initial state of increased permeability important

vascular changes start to occur. Polymorphonuclear leukocytes, white

blood cells (WBC's), begin migrating to the injury site and release

lysozymes from lysozomes to begin phagocytosis (73). Within 30

seconds, vasoconstriction begins, blood flow decreases, and clotting

occurs within 3-5 minutes (65). This vascular slowdown allows for

the WBC's to move from the mainstream of the vessel to its margin.

Here, the WBC's tumble along until they slow down enough to adhere to

the vessel wall and to other WBCs that have stopped.
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The WBC's soon escape through the vessel walls into the tissue

spaces where they are attracted to the center of the injury site.

Neutrophils are the first white cells to arrive. They are mainly

responsible for destroying bacteria; however, bacteria are not

present in most ankle injuries; so the neutrophils soon die and

accumulate in the area. Macrophages follow behind the neutrophils,

phagocytizing any irritating materials in the way, including

neutrophil carcasses, cellular debris, fibrin, red blood cells, and

anything else which is foreign to the area (19).

Secondary Injury Phase

Lessening the efficiency of the vascular system at the injury

site likely results in ischemia. With the vascular collapse suffered

during the primary phase, the supply of oxygenated blood to the

injury site is decreased. Therefore uninjured tissues on the

periphery of the injury site will fall into a state of hypoxia,

establishing a need for the cells to provide energy anaerobically to

survive. Since anaerobic functioning is less efficient than aerobic

functioning, the amount of ATP being generated will steadily decrease

and soon the cell does not have enough energy to maintain its

membranes and intracellular integrity. These structures begin to

break down. Eventually, the cell will die. This process is known as

secondary hypoxic injury (110).
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Therapeutic Hypothermia

Experience has shown that all things being equal, the smaller the

hematoma, the shorter the period of recovery (133). As was seen, the

hematoma is composed of materials from four (4) sources: 1) cellular

debris from primary injury; 2) whole blood from hemorrhaging; 3)

fluid from edema formation; and 4) cellular debris from secondary

hypoxic injury. Thus, steps taken immediately after the injury to

control the hemorrhage to minimize the hematoma and reduce the

secondary hypoxic injury should decrease the period of recovery.

Effect of Cold on Edema

The use of cold stretches through history with one of the first

references coming from Hippacrates as he uses ice for the control of

hemorrhage (118). In more modern times ice is felt to be used almost

exclusively for treatment of acute injury (8, 11, 28, 50, 51, 71,

114). Ice, however, has no effect on primary injury because the

damage that has occurred cannot be undone. Cold is used to reduce

the post-trauma damages.

According to Lehman and deLateur (76) and Smith and Stetson (118)

cold application causes a reflex vasoconstriction. Because of this

vasoconstriction cold becomes beneficial due to the general

circulation into the area being decreased, thereby decreasing the

hemorrhage and minimizing the hematoma (13, 49, 124). This may be

true only if the cold is applied within the first 3-5 minutes post
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trauma. After this time the clotting mechanism will seal the vessels

naturally (66).

The belief that cold decreases the general circulation thus

decreasing hemorrhage and hematoma is not well-supported by objective

and controlled studies dealing with the effect of cold therapy on

acute trauma (34, 76, 84, 87). The non-support of the belief that

cold acts to decrease hemorrhage may be explained by the mechanism of

edema formation. The hemorrhaging and tissue debris will cause an

increase in the amount of "free" protein in the injury area. This

increase of "free" protein causes an increase on osmotic pressure

which "pulls" water out of the blood vessel in an osmotic-like

manner. This process can cause edema formation to occur over 24-48

hour periods (66).

Effect of Cold on Metabolism

Ice may have its greatest effect on controlling the hypoxic

injury phase of post-trauma. The damaged vasculature caused by the

primary injury and vascular changes during the inflammatory response

decreases circulation to the area surrounding the injury site. Also,

an increase in metabolic activity accompanies the inflammatory

response and tissue healing which puts a strain on the available

oxygen supply. If left unchecked, the available oxygen supply will

be taken from the cells not damaged during the primary injury

phase. The resultant depletion of oxygen will cause the non-injured

cell to die from hypoxia.
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Ice has a direct effect on secondary hypoxic injury by decreasing

the metabolism of the cells. Ice has been shown to lower cellular

metabolism to a level where its functional demands are equal to or

lower than available supplies of oxygen (18, 62, 95). This produces

a state of "hibernation" whereby the cells can survive the period of

hypoxia brought on by vascular collapse. The result is less damaged

tissue, a smaller hematoma to be removed, and a smaller area to be

repaired. Figure 2-1 put the effects of trauma into perspective when

ice is supplied to the injury and not applied to the injury.

Effect of Cold on Skin and Intramuscular Temperature

Anytime cold is applied to the skin it would seem logical that

the cold would have some effect on reducing skin temperature.

Studies have investigated various areas of the body and various

methods for cooling. All of them show some degree of skin surface

temperature reduction (16, 52, 68, 70, 129).

The effect of cold on skin surface temperature has been further

investigated by observing what effect cold has on subcutaneous and

intramuscular temperatures (IMT). These studies dealing with IMT

found that the IMT remained unchanged or decreased (13, 16, 26, 33,

47, 54, 82, 85, 104, 135, 136). While a number of different cold

modalities were used, McMaster (85) found ice to be the superior

mode. Also, the greater the depth of IMT measurement, the longer the

time required of cold application to affect maximum temperature

change and the less the decrease in temperature (26, 105, 132).
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Effect of Cold on Blood Flow

Studies of the effect of local cold application on blood flow

have had inversed results. Lehman and deLateur (76), and Smith and

Stetson (118) both indicated that cold application causes a reflex

vasoconstriction which is supported by several authors' research (2,

4, 25, 26, 70, 71).

Guyton (45) reports that as skin temperature approaches 15°C,

more vasoconstriction occurs in the cutaneous vessels. After this

temperature, vasodilatation begins, reaching a maximum at 0°C. This

is further substantiated in a study by Knight, Halverson and Bryan

(69). Thus, at 15°C blood flow will increase as temperature is

reduced.

Some authors describe a reaction whereby blood flow increases and

decreases during a treatment condition, for no apparent reason (2,

77, 78). This reaction is called the "Hunting Reaction". The

"Hunting Reaction" has been misused frequently. Sir Thomas Lewis

(77) first used the term when he noticed an alternating increase and

decrease in skin temperature about the index finger submerged in a

slush bath. From this result the literature has contended that cold

decreases blood flow and when temperature increased vasodilatation

would result with an increase in blood flow (11). This belief was

accepted until Knight and Londeree (71) found cold applied to the

ankle caused a decrease in temperature with no resultant increase.

They also found no increase in blood flow when cold packs were placed

on the ankle and blood flow measurements taken. On re-examination of
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Lewis' earlier study, Knight et al., did see the "Hunting Reaction"

occur in the distal two phalanges (68). Abramson (2) also observed

increased blood flow in the hand.

A correlation seems to exist between the density of arteriovenous

anastomases in the skin and the intensity of the "Hunting Reaction"

in the skin with a likelihood that much of the increased flow occurs

through these vessels (32).

The reason. behind the "Hunting Reaction" has not been fully

documented but studies done by Keatinge (58) have indicated that at

5°C vasoconstriction chemicals in the blood vessels become inactive

in producing either their electrical or mechanical influence on the

blood vessels. This would allow for vasodilatation with resultant

increase in blood flow and warmth to the area. When the blood

vessels warm up enough, the chemicals reactivate and cause vaso-

constriction, a decrease in blood flow, cooling of the area,

inactivation of the vasoconstricting chemicals and vasodilatation

occurring again.

Effect of Cold on Pain

The word "pain" is derived from the Greek word for penalty. The

term cannot adequately be defined in terms of understandable English,

yet, its purposes are commonly known as one of protection. Pain is a

warning that tissue has been damaged. Its persistent nature serves

as a protective function by ensuring that we cannot ignore it except

with considerable voluntary effort.
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Different theories as to the mechanism of pain have been

formulated (64, 89, 91). However, all the mechanisms have a basal

commonality in that peripheral reception of pain is caused by noxious

impulses that arise from the skin surface, deep tissue and/or

viscera.

Cold is an anesthetic (1). Ice causes a numbness to be noticed

after 10-20 minutes of use. One explanation for this is that cold

decreases nerve conduction velocity. This decrease is related to the

size of the individual nerve fiber. The order of susceptibility to

cold is the small medulated fibers being affected first. The larger

unmedullated are next and finally the unmedullated fibers. Pain

fibers consist of the small medullated fibers (76, 111). This is a

linear decrease and eventually nerve conduction is completely

abolished. For this to happen the nervous tissue temperature must

decrease below 10°C (118, 132).

Clinically, cold has been demonstrated to be effective in

relieving pain. Grant (43) and Chambers (21) are cited for results

found when they applied cold to painful areas described by

patients. Others have confirmed the pain-relieving ability of a

treatment involving cold application (74, 81, 112, 132). Also,

several cases have been reported where cold has been effective in

pain relief when the cold has aided in the reduction of pain due to

muscle spasm (43, 49, 55, 90, 94, 100, 127, 128).
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Luigi Galvani, professor of anatomy at the University of Balogna

in Italy, noticed in 1780 that a freshly dissected frog's leg lying

in a metal tray would twitch when sparks would leap between two

electrodes of an electrical friction machine. He also noticed the

same phenomena when a leg was hung on an iron grill by a copper

hook. From these observations Galvani ascertained that the animal

body was a source of electricity and metals served to discharge it

(37). Volta, soon thereafter, proved that electricity arose at the

contact of two different metals. By constructing the "voltaic pile"

from alternate discs of copper and zine, separated by porous discs

soaked in vinegar he too was able to cause the muscles of a frog leg

to twitch (30). Although Volta created the means of generating a

constant flow of current, the name galvanism was retained. The

galvanic current, better described as a direct or constant current,

is an uninterrupted, unidirectional flow of electrons. It came into

general therapeutic use at the end of the 19th century when wet

batteries could be constructed of a fairly large capacity.

Electro Physics

Before one can understand High Voltage Pulsed Galvanic Current

(HUPGC) the basics (units) of electricity that are relevant to this
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study need to be understood. These units are the ampere, the volt,

and resistance. These together are the basis of Ohm's Law. To aid

in the understanding of electrophysics a comparison of a water system

to electricity is presented in Table 2-1. The principles are very

similar.

Electromotive Force and Resistance

An electromotive force (emf) is that which causes the free

electrons in matter to become displaced or to begin to move. Since

electrons in motion constitute a current, emf can also be thought of

as that force which causes a current to flow. The electromotive

force of a generator is expressed as volts and is analogous to the

"pressure head" of a pump.

In examining the flow of water in pipes the stream of water

discharged from the pipes is directly proportional to the amount of

pressure generated from the head. Flow also depends upon the area

and length for the pipe resists the flow of water. The stream which

the pipe discharges is a function of the head and is inversely

proportional to the resistance.

In a general way the flow of electric current in wires obeys the

same law as the flow of water in pipes. The current that flows

through a conductor is directly proportional to the electromotive

force (or voltage) impressed upon the circuit. The conductor is said

to resist the flow of current through it and the resistance of a
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Table 2-1.

Comparison of Water System and Electricity

Water System Electrical System

Pressure Voltage

Rate of flow per period time Amperage

Pump Generator

Pipes Wires or Conductors

(116)
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conductor is dependent upon the length, the cross-sectional area, and

the nature of the conductor material (80).

Ampere

The ampere is the unit quantity of current flowing per period of

time. The ampere serves as the unit of measuring the flow of

electricity. The rate of current of water moving through a pipe is

measured as a certain number of gallons of water per period of

time. Similarly, the rate of current of electricity is expressed as

an amount of electricity moving past a certain point in a given time

period (116).

For electromedical purposes, very minute quantities of an ampere

are used for it is amperage that gives electricity its "bite". The

basic measuring unit is the milliampere CMA = 0.001 ampere.

Volts and Amperes

To better understand the distinction between volts and amperes

comparison with water is helpful (Table 2-1). With both water and

electricity a driving force must exist in order to get a current to

flow. The greater the electromotive force (pumping force) the

greater the flow of current (water) per unit of time. Simply,

electrical current (amperes) denotes the rate of flow, resistance

(ohm) regulates the flow, and electromotive force (voltage) denotes

the driving force that causes flow (116).
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Ohm's Law

Ohm's Law states "the strength of an electric current in a direct

current (DC) circuit is directly proportional to the applied

electromotive force and inversely proportional to the resistance of

the circuit (12).

Ohm's law is of prime importance in that it shows the two ways to

increase the current in a given circuit: 1) increase the voltage, or

2) decrease the resistance. Increasing the size of the electrodes,

decreasing their distance from each other, and decreasing the

resistance of the skin by moistening all tend to decrease the ohmic

resistance and increase the flow of current through the body.

Polarity

The galvanic current is the only current applied according to

"polarity". All generators of a galvanic current are capable of

producing either a negative or positive current. The active pole,

either negative or positive is the only one which produces the

effects desired. For the unit to function as needed another pole or

pad which is inactive is required. Table 2-2 outlines the action

produced at the respective active poles.
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Actions Produced at Respective Active Poles
POSITIVE NEGATIVE

Attracts Acids

Repels Alkali

Hardens Tissue

Contracts Tissue

Stops Hemorrhage

Diminishes Congestion

Sedative

Relieves Pain in acute conditions
due to reduction of congestion.
If scar is formed, it is hard
and firm.

Attracts Alkali

Repels Acid

Softens Tissue

Dilates Tissue

Increases Hemorrhage

Increases Congestion

Stimulating

Reduced pain in chronic
conditions due to soft-
ening of tissues and
increase of circulation.
If scar is formed, it is
soft and pliable. (60)
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HVPGC

High voltage pulsed galvanic current is a recent development that

makes use of a pair of very short high voltage pulses. HVPGC units

usually have a constant voltage output which produces monophasic

pulses with an amplitude of up to 500 volts. The pulse pair in most

equipment marketed today is 45 microseconds wide at the base but only

1 or 2 microsecnds wide at peak voltage (Figure 2-2). Other units

have been designed to produce treatment pulses having a 45-

microsecond base with a 20-microsecond width at the peak voltage

value (Figure 2-3). This results in the pulse being effective over

its entire height and elicits better nerve and muscle response at

lower treatment voltages (60). The latter is deemed the minimal

effective duration by Stillwell (124). The pulse pair occurs during

each pulse thus for a setting of 80 pulses per second these will be

160 pulse pairs.

The currents are frequently referred to as galvanic and they are

as far as being monophasic and unidirectinal but because of the

paired pulses there is no similarity to the much longer pulses

associated with low voltage current. The HVPGC is used successully

with minimal pain possibly because the short pulses contains

sufficient high energy with low amperage, thus we can use higher

voltage without the resultant "bite" associated with higher amperage

(108).
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Figure 2-2. Pulse pair with a 45 micro-
second base with a 1-2 micro-
second peak voltage.



28

Figure 2-3. Pulse pair with a 45 micro-
second base with a 20 micro-
second peak voltage.
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Effects on Pain

The use of electrical currents as an anesthetic to alter pain

perception has been proposed and is reported to be successful. Hamer

(46) has several references in a bibliography on electroanalgesia.

Electroacupuncture has also been described as beneficial in pain

reduction (106, 109). A third type of modality that has shown a

benefit in pain reduction is one that produces HVPGC (3).

The current physiological hypothesis concerning pain reduction

through electrical currents is that electrical currents can cause a

release of endogenous opiates (endorphins and enkephalins) from sites

of the central nervous system. These opiates then act to suppress

the painful stimuli (14, 135). Currently two opposing methods of

achieving opiate release are proposed. One is providing supra

painful stimuli to a very narrow area at trigger or acupuncture

loci. The other method is by delivering nonpainful stimiuli to

larger areas in which pain fiber stimulation in minimized and sensory

fiber activation is maximized (5). HVPGC can achieve either type of

stimuli. By using larger electrodes, controlling of intensity, and

having very short pulse duration, selective sensory fiber stimulation

can prevail nonpainfully (5).

Effect on Muscle Spasm

An indirect effect on pain reduction is seen with the decreasing

of muscle spasm. By breaking up the pain-spasm cycle, pain relief
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will be noted. For this to occur current intensity must be great

enough to cause muscle contraction and subsequent muscle

relaxation. Two schools of thought prevail for using HVPGC for

muscle relaxation. One is that the HVPGC should cause intermittent

contractions which will break up the pain-spasm cycle and cause

muscle relaxation. The use of HVPGC could also cause muscle fatigue

and relaxation is achieved through the inability of the muscle to

contract (12).

Effects on Edema

The influence of HVPGC on tissue edema is relatively new. Alon

(5) alludes to two unpublished studies that reported statistically

significant reduction of swelling. Newton (98) in a presentation

presented to a 1984 Rich-Mar sales meeting feels there are two

methods for reducing edema. One method has already been mentioned

and that is by the muscle pump action. Thus having enough current to

cause muscle action to occur stimulates venous return and "pump" the

edema out of the injured area.

Another method is via the polarity of edema. Blood cells and

proteins are negatively charged thus using a negative polarity

negative ions would be "repelled" out of the area back into the blood

stream.
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Effects of Blood Flow

When electrical current is used to increase peripheral blood

circulation the results that occur could be attributed to either a

direct or an indirect effect on the circulatory system. The direct

effect would be direct activation of the sympathetic fibers of the

autonomic system (5). The indirect effect could be achieved from the

pumping action of the muscles during muscular contraction when the

muscle spindle threshold is reached (125). To stimulate the muscles

to cause effective venous return requires a strong contraction.

HVPGC can create such a contraction relatively comfortably.

Effect on Skin Resistance

The human body consists of a composite mass of tissues with

varying electrical conductivity. This relative conductivity of the

various tissues is about equal to their content of water with muscle

having 72-75% water and skin, peripheral nerves and bones showing 5-

16% water (116). Therefore, a human body is one large resistor.

With low voltage current there is a reddening under the active pad

and a mild heating within the skin due to the "friction" developed at

the skin interface. However, with high voltage current emf increases

so that ions are driven through the skin with little if any heat

build-up. Newton (98) indicates that the voltage circumvents the

resistance of the skin to produce a spontaneous breakdown in the skin

resistance.
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Summary

This chapter has reviewed the properties of cold and HVPGC. The

primary reason for applying cold may be to reduce the metabolic

activity around the primary injury site. By reducing temperature the

need for available oxygen will be decreased and tissues will be able

to live longer. Other benefits of cold are to decrease pain and aid

in edema reduction by decreasing blood flow and metabolic activity.

The primary function of HVPGC is to provide an electrical current

to the body that is not as painful as a low voltage galvanic

current. The HVPGC has been used to decrease pain, decrease edema,

and increase blood flow. Skin temperature was not effected by HVPGC

as the resistance of the skin was spontaneously broken down.
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CHAPTER III.

METHODOLOGY

Ankle injuries account for 10-20% of time loss injuries in sports

(29) with almost 85% of these being sprains (38) with the majority of

the sprains occurring to the lateral ligamentous complex (35, 38, 67,

86). With these statistics the lateral ankle sprain is not an

uncommon occurrence in Athletic Training. For the Athletic Trainer,

the establishment of the most efficient and effective means of

treatment to safely rehabilitate the athlete and return them to full

competition becomes extremely important. This study was designed to

measure the skin surface temperature over the anterior talo-fibular

(ATF) ligament of healthy adult subjects. Each subject was subjected

to two testing conditions. These were, Testing Condition 1) slush

bath only and, Testing Condition 2) slush bath with High Voltage

Pulsed Galvanic Current (HVPGC). Skin surface temperature was

measured in °C at 2.5 minute intervals for 30 minutes of test

condition.

Subject Selection

Approval for the use of Human Subjects was obtained from the

Committee for Protection of Human Subjects at Oregon State University

(Appendix A). Subjects were recruited from a population of athletes,

student trainers and students in athletic training classes at Oregon
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State University during the Spring term of the 1983-84 academic

year. Ten male and twelve female, injury free, adults (7( = 23.0

years) served as subjects (Table 3-1). Each of the 22 subjects read

a memorandum (Appendix B) which informed them of the nature of the

experimental procedures and the requirements as far as time and

cooperation and then signed an Individual Subject Consent Form

(Appendix C) prior to participating in this study. Three additional

persons started the study but failed to complete both testing

conditions.

Experimental Design

To decrease the possibility of error due to subjects receiving

the testing conditions in the same order, testing conditions were

given such that 11 subjects received Testing Condition 1 first and 11

subjects received Testing Condition 2 first. All testing conditions

were conducted so that each subject had a minimum of 1 week between

Testing Conditions (Table 3-2). Initial testing conditions were

given based on the availability of subjects and equipment. No

significant order effect resulted (F = 1.46).

Equipment

Equipment used in this study included the Rich-Mar Stimplex®

electrical modalilty, and YSI-#46 6-channel Tele-Thermometer with YSI

#409B Surface temperature probes.



Table 3-1.
Subject #, Sex, Age, And Population

SUBJECT
SEX AGE POPULATION*

1 M 27 ST

2 M 24 ST

3 F 21 ST

4 M 26 ST

5 F 23 PE

6 F 21 ST

7 M 24 ST

8 M 24 ST

9 M 23 ST

11 F 20 PE

12 F 29 ST

13 F 19 ST

14 F 21 ST

15 M 36 CT

16 M 22 ST

18 M 23 ST

19 F 23 ST

21 F 23 PE

22 F 22 ST

23 F 21 ST

24 M 19 ST

25 F 21 ST

35

X=23

ST = Student Trainer; PE = Physical Education Major;

CT = Certified Trainer
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Table 3-2.
Schedule of Treatment Conditions and Times

Subject
Testing Condition 1* Testing Condition 2*

Month/Day Time/Hrs Month/Day Time/Hrs

1 4/19 1500 5/1 1430

2 4/24 1430 5/8 1400

3 4/20 0830 5/11 0900

4 4/25 1030 5/10 1000

5 5/10 1500 4/26 1600

6 4/23 1530 5/7 1530

7 5/9 1430 5/2 1445

8 4/24 1000 5/7 1300

9 5/14 1300 5/5 1000

11 5/17 0900 5/10 0900

12 4/24 1600 5/8 1400

13 5/17 1100 5/8 1300

14 4/25 1100 5/9 1030

15 5/15 1200 5/7 1330

16 4/25 1500 5/7 1500

18 4/25 1600 5/8 1600

19 5/18 1400 5/7 1600

21 5/21 0930 5/14 0930

22 5/04 1600 5/11 1530

23 5/18 0830 5/11 0830

24 5/15 1500 5/8 1430

25 5/16 1030 5/9 0930

All treatment done in 1984
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Electrical Equipment

The Rich-Mar Stimplex (Figure 3-1) is an electrical modality that

can provide four types of electrical output currents. These four

currents are: 1) high voltage, pulsed galvanic current (HVPGC); 2)

alternating (low-volt); 3) low voltage, low frequency, and 4)

straight galvanic. Of the four currents only HVPGC was used in this

study.

The Rich-Mar Stimplex® electrical modality differs from other

units in that the HVPGC mode provides narrow (high frequency) pairs

of galvanic pulses of discrete selectable rates that are adjustable

in amplitude from 0 to 500 volts

pairs in most equipment marketed

base but only 1 or 2 microseconds

2). The Rich-Mar HVPGC has been

have a 45 microsecond base with

voltage value (Figure 2-3).

effective over its entire height

lower treatment voltages (60).

of selectable polarity. The pulse

are 45 microseconds wide at their

wide at the peak voltage (Figure 2-

designed such that treatment pulses

a 20 microsecond width at the peak

This results in the pulse being

and elicits better nerve response at

The variable amplitude is necessary

as differences in skin resistance to electrical stimulus exists in

human subjects.

The high voltage galvanic stimulator consists of an astable

unijunction

microcircuit

relaxation oscillator followed by a time delay

and two pulse shaping generators which in turn trigger

two condenser discharge output power circuits.



Figure. 3-1. Rich-Mar Stimplex.
This modality is capable of providing narrow
pairs of galvanic pulses of discrete selectable
rates that are adjustable in amplitude from 0-
500 volts of selectable polarity.
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The unijunction oscillator generates the basic pulses at one of

the selectable rates between 5 and 80 pulses per second. The delay

circuit produces a second pulse which follows the initial pulse at a

constant time delay of 45 microseconds. Shaped pulses then trigger

the condenser to discharge circuits and the output pulses were

combined to produce the high voltage pulsed galvanic voltage.

Treatment voltages were applied by means of a stationary 3" x 3"

metal, active, electrode (Figure 3-2). The electrode intensity was

controlled by means of an intensity control on the instrument

panel. The treatment voltage was monitored by means of a voltmeter

on the instrument panel. The pulse repetition rate was kept at 80

double pulses per second. A positive polarity was established for

the active electrode.

The unit has an internal safety circuitry that prevented the

accidental application of unpleasantly high treatment voltages.

Temperature Equipment

Temperature measurements were displayed on a Yellow Springs

Instrument (YSI) #46, 6-channel Tele-Thermometer with a range from 0-

50°C (Figure 3-3). Temperature measurements were obtained by three

YSI #4096 surface temperature probes. Probes were positioned so that

one was over the insertion of the ATF ligament and attached using

Microporee Surgical tape. This probe was placed with the silver side

next to the skin. One probe was positioned six inches off the edge
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Figure 3-2. Rich-Mar 3" x 3" Active,
Metal Electrode used to
introduce current in slush
bath.
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Figure 3-3. YSI #46, 6-Channel, Tele-Thermometer.
This unit is capable of measuring temperatures
from 0-50°C.
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of the table holding the YSI #46 and was used to measure ambient air

temperature. A third probe was suspended in the water of the slush

bucket.

The YSI #46 6-channel Tele-thermometer was calibrated prior to

each testing session. Calibration was accomplished by placing the

YSI #409B surface temperature probes into a container of water whose

temperature was being measured by a Kimble 0° lab thermometer. The

temperatures registered by the thermometer and the Tele-thermmeter

were compared and calibrations made as needed.

A Heuer Digital Split Timer was used to monitor the length of the

testing session.

Laboratory Preparation

All testing sessions were conducted in the Team Physician's

office which is located adjacent to the Training Room of the Athletic

Department at Oregon State University. This area consisted of a

table that each subject sat on or laid on during the pre-testing

phase, a table to hold the YSI #46 6-channel tele-thermometer, a

bucket approximately 12 inches deep, a stool for the subject to sit

on during the testing session and a cart to hold the Rich-Mar

Stimplex ®. A chair was positioned so that the YSI #46 could be read

and the slush bath could be stirred without the investigator moving

(Figure 3-4).
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SINK STIM-PLEX CHAIR -7

LUSH BATH

gr
-4

TABLE eSTOOL

YSI #46

Figure 3-4, Testing Area Schematic
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Test Description and Procedures

Two testing conditions were presented to each of the subjects.

Condition 1 was presented to 11 subjects first and Condition 2 was

presented to 11 subjects first.

Condition 1

Condition 1 consisted of slush bath only. Upon entering the

testing area the subject was instructed to remove the left shoe and

sock. The subject then sat on the table and a YSI #4098 surface

temperature probe was attached. The subject remained on the table

for 10 minutes to allow for the skin surface temperature to approach

resting temperature. By being in a shoe and sock it was assumed that

the skin temperature could have been elevated.

Prior to the arrival of the subject, the slush bath was prepared

so that the ice and water mixture was between 1-2°C. Temperature

readings were taken at 2.5-minute intervals throughout the

experiment.

Ambient air temperature readings were taken at time 0 and time 30

during the testing condition (Table 3-3). To mimimize the discomfort

felt when a foot is placed in cold water, a Neoprene Digit Cover®

(Pro-Orthopedic Devices #0-14) was selected to cover the toes (Figure

3-5). Placement of a Digit Cover® over the toes has been reported to

keep the toes significantly warm, lessened pain, and not hinder the

effects of cold application at other sites on the foot (101).
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Table 3-3.
Pre- and Post-Test Ambient Air Temperatures

Subject

Testing Condition 1 Testing Condition 2

Pre Post Pre Post

1 25.0 25.1 25.0 25.1

2 25.3 25.4 25.0 25.1

3 25.2 25.3 24.4 24.0

4 24.2 24.1 24.8 24.8

5 24.6 24.6 24.2 24.1

6 24.9 25.0 25.1 25.1

7 24.9 25.0 25.0 25.3

8 24.2 24.4 25.0 25.0

9 25.0 25.1 25.0 25.0

11 24.6 24.7 24.4 24.6

12 25.0 25.0 24.8 25.0

13 24.6 24.8 24.7 24.9

14 24.6 24.8 24.7 24.9

15 24.9 24.7 25.0 24.8

16 24.6 24.6 24.8 25.0

18 24.6 24.8 25.0 25.0

19 24.7 24.8 25.2 25.1

21 24.5 24.6 24.4 24.5

22 24.6 24.8 24.7 24.9

23 24.6 24.8 24.7 24.9

24 25.0 25.2 25.1 25.0

25 24.5 24.5 24.8 24.7

24.75 24.8 24.8 24.9



Figure 3-5.
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Neoprene Digit Cover®
Placed over the toes to keep the toes warm,
lessen pain in toes yet not hinder the effects
of the cold application.
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Condition 2

Condition 2 consisted of slush bath plus HVPGC. Upon entering

the testing area the subject was instructed to remove the left shoe

and sock. The subject then sat on the table and a YSI #4098 surface

area temperature probe was attached. The dispersive electrode of the

Rich-Mar Stimplex electrical modality was affixed to the belly of the

gastrocnemius. To accomplish this a sponge pad was moistened and

placed beneath the dispersive electrode. The electrode was secured

to the leg by using a 2-1/2" x 18" Nylatex® strap at this time. The

operation of the machine was explained to the subject if the subject

was unfamiliar with its operation. The machine was set on 80 pps

with a positive polarity. The remaining part of the procedure was

the same as Testing Condition 1.

Measurement Techniques and Schedule

When pre-experiment procedures and calibration had been

accomplished readings were taken at time 0 for skin surface

temperature of the ankle, ambient air temperature and temperature of

the slush bucket. The subjects then immersed their foot in the slush

bucket and timing began (Figure 3-6).

The water was stirred one minute prior to taking measurements.

Lewis (77) found during his experiments with cold immersion, that

layers of ice water next to the skin became warmed when allowed to
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Figure 3-6. Testing Condition 1

Subject immersed in slush bath.
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set. This apparently causes a warmer insulating layer of water

between the skin and the ice thus decreasing the effect of ice water

in reducing skin temperature. Lewis found it necessary to frequently

stir the water to eliminate the formation of the warmer layers, thus

providing a more effective cold penetration.

Testing Condition 2 included the use of a HVPGC produced by a

Rich-Mar Stimplex that was pre-set with a positive polarity at 80 pps

(Figure 3-7). The dispersive electrode was secured to the belly of

the gastrocnemius and the 3" x 3" active, metal electrode was taped

to the wall of the slush bucket corresponding to the lateral aspect

of the left ankle (Figure 3-8). This electrode was placed at a

height that would assure the electrical impulse would contact the

ankle over the YSI probe when the current was introduced. When the

foot was immersed in the slush bucket the lateral ankle was placed 3-

4 inches away from the slush bucket wall. This allowed for uniform

distance from electrode to skin plus enable for adequate stirring of

the water.

The machine was then made operational and the intensity was

increased until the subject felt a high buzzing sensation but no

muscle contractions. The intensity was recorded at this time and

maintained at this level throughout the testing condition (Table 3-

4). The schedule of the pre-test and testing procedure is presented

in Table 3-5 for Condition 1 and 3-6 for Condition 2.
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Figure 3-7. Testing Condition 2

Subject immersed in slush bath with HVPGC being
introduced into bath via the Rich-Mar Stimplex
Electrical Modality.
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Figure 3-8. Electrode Placement in Slush Bath

3" x 3" active, metal electrode taped to wall
of the slush bath corresponding to lateral
aspect of left ankle.
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Table 3-4.

Voltage Level

Test Condition 2

Subject # Volts

1 200

2 150

3 175

4 125

5 100

6 150

7 125

8 100

9 100

11 110

12 150

13 130

14 125

15 150

16 130

18 125

19 150

21 150

22 150

23 200

24 170

25 125



Table 3-5
Testing Schedule

Testing Condition 1

Pre-Subject Arrival

53

Calibrate YSI#46 Tele-Thermometer
Prepare slush bath w/YSI 409B surface temperature electrode
Locate YSI 4096 surface temperature electrode 6" off edge of
measuring table - this is for ambient air temperature measurement

Subject Arrival

-10 Remove left shoe and sock
Place YSI 4096 surface temperatuire electrode over ATF
insertion of lateral ankle with silver side next to
skin. Affix using surgical tape

-1 Place Neoprene Digit Cover* over toes
-.5 Record base line temperature readings for:

Ambient air
Skin surface
slush bath

0 Immerse foot in slush bath
1.5 Stir slush bath for 5-10 seconds
2.5 Record skin surface and slush bath temperatures

4.0 Stir slush bath for 5-10 seconds
5.0 Record skin surface and slush bath temperatures

29.0 Stir slush bath for 5-10 seconds
30.0 Record skin surface and slush bath temperatures

Record ambient air temperature
Establish date for second testing condition if needed.



Table 3-6
Testing Schedule

Testing Condition 2

Pre-Subject Arrival
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Calibrate YSI#46 Tele-Thermometer
Prepare slush bath w/YSI 409B surface temperature electrode
Locate YSI 409B surface temperature electrode 6" off edge of
measuring table - this is for ambient air temperature measurement

Subject Arrival

-10 Remove left shoe and sock
Place YSI 409B surface temperatuire electrode over ATF
insertion of lateral ankle with silver side next to
skin. Affix using surgical tape
Place dispersive electrode over gastrocnemius

-1 Place Neoprene Digit Cover® over toes
-.5 Record base line temperature readings for:

Ambient air
Skin surface
slush bath

0 Immerse foot in slush bath
Establish voltage output

1.5 Stir slush bath for 5-10 seconds
2.5 Record skin surface and slush bath temperatures
4.0 Stir slush bath for 5-10 seconds

5.0 Record skin surface and slush bath temperatures

29.0 Stir slush bath for 5-10 seconds

30.0 Record skin surface and slush bath temperatures
Record ambient air temperature

Establish date for second testing condition if needed.
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Measurements were taken every 2.5 minutes of the skin surface

temperature and the slush bath temperature. The testing condition

ended at the 30-minute time. A total of 13 measurements were taken

during the testing condition.

Statistical Analysis

The null hypothesis for this study stated that no significant

difference would exist between testing conditions on their effect to

reduce skin surface temperature over time and within time nor was

there a significant difference of skin surface temperature response

between male and female subjects. The data were analyzed by a

repeated measures Analysis of Variance (ANOVA) measuring differences

between treatment conditions at specific times as well as measuring

temperatures within treatment conditions. Plots were generated (Easy

PLT) which compared treatments for all subjects and compared

treatments between male (N = 10) and female (N = 12). The data

computed utilized the Statistical Package for Social Sciences (SPSS)

and Statistical Interactive Programming System (SIPS).

Scheffe tests were conducted to determine differences between

testing conditions at each of the times (0, 2.5, 5.0, 7.5, 10.0,

12.5, 15.0, 17.5, 20.0, 22.5, 25.0, 27.5, 30.0 minutes) and

differences in time during each of the conditions.
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CHAPTER IV.

RESULTS AND DISCUSSION

This study was designed to measure the response of skin surface

temperature to an application of ice or ice and HVPGC as a treatment

method for sports injuries. Twenty-two healthy adults participated

in this project. Each subject received the two testing conditions to

the anterior talo-fibular ligament area of their left ankle. Testing

condition 1 consisted of immersing the foot in a slush bath that had

been cooled to 1-2°C. Testing condition 2 was the same except a

positive polarity, HVPGC of 80 pps was introduced to the ankle via

the water. Skin surface temperatures were measured in °C every 2.5

minutes from time 0 minutes through time 30 minutes for a total of 13

measurements.

Hypothesis for this study stated that, 1) no significant

difference in response of skin surface temperature to both testing

conditions existed, 2) the pattern of skin surface temperature

response for both testing conditions would not be significantly

different, and 3) the pattern of skin surface temperature response

for both testing conditions would not differ for male and female

subjects.

The results of an ANOVA with repeated measured between testing

condition is presented in Table 4-1. Significance tests were used to

examine the difference in temperature between testing conditions for

each subject; difference in temperature within each testing condition
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Table 4-1.

ANOVA with Repeated Measures Between Testing Conditions,

Time and Testing Condition by Time Interaction

ANOVA

Source DF MS

Subject 21

Subject x Tests 1 18.15 0.54

Error 21 33.82

Subject x Time 12 2190.63 2986.00*

Error 252 0.73

Time x Tests

Error 12 0.91 1.22

252 0.75

Group x Tests 1 4.51 0.13

Error 20 35.28

Significant at .05 level.
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for each subject; and difference in temperature between testing

conditions over time.

Mean skin temperatures for the two testing conditions over time

are presented in Table 4-2. This represents temperatures gathered

every 2.5 minutes from time 0 through time 30 minutes. Thirteen

measurements were taken. Graphic depicture of Table 4-2 is presented

in Figure 4-1.

Hypothesis One

The F value of 0.54 (Table 4-1) for subjects by tests would

suggest that for Hypothesis One no significant difference would exist

between an application of ice and application of ice plus HVPGC on

skin surface temperature response. The null hypothesis would be

accepted. This would indicate that one can use ice or ice with HVPGC

with the same results when one examines the response of skin surface

temperature.

Hypothesis Two

The F value of 2986 for subject x time would indicate that

application of ice and ice plus HVPGC produced marked reduction in

skin surface temperature. The mean skin surface temperature for each

2.5 minute interval are shown in Table 4-2 and graphically presented

in Figure 4-1. The F value of 1.22 for time by test condition (Table

4-1) indicates that for Hypothesis Two no significant difference
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Table 4-2.

Skin Surface Tempertaures (°C) for Two Testing

Conditions at 2.5-Minute Interval

(N = 22)

SLUSH ONLY SLUSH WITH HVPGC

Time x SD x SD

0.0 29.91 1.24 30.16 1.72

2.5 11.08 2.29 10.76 2.80

5.0 7.65 1.68 7.61 2.17

7.5 6.37 1.61 6.57 2.07

10.0 5.70 1.31 5.90 1.88

12.5 5.14 1.32 5.54 1.88

15.0 4.75 1.25 5.25 2.09

17.5 4.38 1.17 5.03 2.03

20.0 4.17 0.99 4.76 2.04

22.5 3.96 0.89 4.54 1.70

25.0 3.85 0.92 4.38 1.72

27.5 3.84 0.88 4.35 1.83

30.0 3.70 0.72 4.28 1.80
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would exist in the pattern of skin surface temperature response

between the two testing conditions. The null hypothesis would be

accepted.

Significance of the difference in temperature response within

testing conditions was analyzed to find where the significance lay.

A Scheffe test was administered. Since there was no significance for

difference in temperature response between testing conditions over

time, the means for both testing conditions were averaged at the

specific points in time relative to each testing condition (Table 4-

3). The results of the Scheffe test are presented in Table 4-4. The

results of the Scheffe test are similar to those of Urban (129).

The graph of Figure 4-1 depicts a rapid decrease in temperature

over the first 7.5 minutes which would be expected for cold. Based

upon the review of literature and previous experience, the more rapid

decrease in skin surface temperature might have been expected with

HVPGC due to possible resistance breakdown of the skin. This is not

so as both temperature patterns are almost identical for this period

of time. Temperature differences from the 7.5 minute mark on

indicate that temperature is warmer for the HVPGC than ice but is not

significant (p .05). This situation may be due to an increase in

blood flow or it may be caused by the HVPGC causing a friction

reaction at the skin interface. These parameters need to be examined

more fully in later tests.

The results of these testing conditions are based upon the

response of healthy ankles only. One can only speculate that injured

ankles will respond in a congruent manner. Differences in
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Table 4-3.

Mean Skin Temperature 1°C) of Treatment

Conditions at 2.5-minute Intervals

Time
Temperature

0
30.039

2.5
10.925

5.0
7.632

7.5
6.473

10.0
5.800

12.5
5.345

15.0
5.005

17.5
4.707

20.0
4.464

22.5
4.248

25.0
4.118

27.5
4.095

30.0
3.993
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Table 4-4.

Scheffe Tests Between Temperatures (°C) at

2.5-minute Intervals During Testing Conditions

Time 0 2.5 5 7.5 10

30.039-10.925* 30.039-7.632*
*

10.925-7.632

* *

30.039-6.473 30.039-5.80

10.925-6.473* 10.925-5.80*
* *

7.632-6.473 7.632-5.80

6.473-5.80

Significant at .05
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Table 4-4. (continued)

Time 12.5 15 17.5 20

*
30.039 -5.345* 30.039 -5.005* 30.039 -4.707* 30.039 -4.464

10.925 -5.345* 10.925 -5.005* 10.925 -4.707* 10.925 -4.464*
* *

7.632 - 5.345* 7.632 -5.005* 7.632 -4.707 7.632 -4.464

6.473 - 5.345* 6.473 -5.005* 6.473 -4.707* 6.473 -4.464*

5.800 -5.345 5.800 -5.005 5.800 -4.707* 5.800 -4.464*

5.345 -5.005 5.345 -4.707 5.345 -4.464*

5.005 -4.707 5.005 -4.464

4.707 -4.464

Significant at .05
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Table 4-4. (continued)

Time 22.5 25 27.5 30

30.039 -4.248* 30.039 -4.118* 30.039 -4.095* 30.039 -3.993*

10.925 -4.248* 10.925 -4.118* 10.925 -4.095* 10.925 -3.993*

7.632 -4.248* 7.632 -4.118* 7.632 -4.095* 7.632 -3.993*

6.473 -4.248* 6.473 -4.118* 6.473 -4.095* 6.473 -3.993*

5.800 -4.248* 5.800 -4.118* 5.800 -4.095
*

5.800 -3.993
*

5.345 -4.248* 5.345 -4.118* 5.345 -4.095
*

5.345 -3.993*
* * *

5.005 -4.248 5.005 -4.118 5.005 -4.095 5.005 -3.993

4.707 -4.248 4.707 -4.118 4.707 -4.095 4.707 -3.993

4.464 -4.248 4.464 -4.118 4.248 -4.095 4.248 -3.993

4.248 -4.118 4.248 -4.095 4.118 -3.993

4.118 -4.095 4.118 -3.993

4.095 -3.993

*
Significant at .05.
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metabolism, blood flow and edema formation may all cause the testing

conditions used to cause different responses on skin surface

temperature. This is another area that needs to be investigated in

more depth.

The "Hunting Reaction" termed by Lewis (77) stated that an

increase in surface temperature was noted after a period of time

which would possibly cause an increase in blood flow. The results of

this experiment do not show an increase in temperature during the

testing period (Figure 4-1). These results are the same as those

seen by Knight and Londeree (71) Urban (129) and Johannes (52). The

resultant temperature increase seen by Lewis subsequently does not

occur in all tissues and supports Downey (32) in the aspect that the

"Hunting Reaction" occurs most in areas that have a larger density of

arteriovenous anastomoses in the skin.

The pattern of surface skin temperature changes should be of

particular interest to the Athletic Trainer. No set time for

administering treatments for post-acute injuries seems to prevail.

The Scheffe test indicates that a treatment of cold or cold with

HVPGC produces significant temperature response up to the 7.5 minute

mark. After the 7.5 minute mark there are different time frames that

produce significant responses but after 17.5 minutes there is no

significant temperature response through the 30-minute time. This

could indicate that statistically a treatment of cold would be as

effective at 17.5 minutes as at 30 minutes. However the penetrative

effect of cold is proportional to the temperature and the amount of
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time it is applied (26, 105, 132) so it would be wrong to assume that

a treatment may be as effective at 17.5 minutes as 30.0 minutes. The

interval between ice and ice and HVPGC may reflect augmented

circulation

Hypothesis Three

The F value of 4.51 (Table 4-1) for groups by tests would suggest

that for Hypothesis Three no significant difference would exist

between an application of ice and an application of ice plus HVPGC on

skin surface temperature response between male (N = 10) and female

(N = 12) subjects. Table 4-5 represents mean skin temperatures of

both testing conditions at 2.5-minute intervals for the males vs.

females. Figure 4-2 is a graphic representation of Table 4-5.

Similar findings were seen for males vs. females as for total

subjects with there being no significant difference found in the

temperature response pattern between the two testing conditions. The

initial skin temperature response was a sudden decrease in

temperature to the 7.5-minute mark which would be expected. Sex

differences might have been presumed to cause a difference in

temperature response over the next 22.5 minutes but the statistics do

not substantiate this presumption. From these findings the skin

surface temperature responses will be the same for males and females

when treated with cold or cold with HVPGC.
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Table 4-5.

Mean Skin Temperatures (°C) of both Testing

Conditions at 2.5-minute Intervals for

Males vs. Females

Time Male Female

0.0 30.43 29.70

2.5 11.41 10.52

5.0 8.19 7.17

7.5 6.96 6.06

10.0 6.22 5.45

12.5 5.72 5.03

15.0 5.32 4.74

17.5 4.95 4.50

20.0 4.63 4.32

22.5 4.28 4.22

25.0 4.24 4.01

27.5 4.25 3.97

30.0 4.10 3.90
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CHAPTER V.

SUMMARY. CONCLUSIONS AND RECOMMENDATIONS

Summary

Ankle injuries account for 10-20% of time loss injuries in sports

with almost 85% of these injuries being sprains, the majority of

which occur to the lateral ligamentous complex. With statistics such

as these it becomes important that the Athletic Trainer establish a

method for effective and efficient means to safely rehabilitate

injuries. This study was designed to measure the response of skin

surface temperature to an application of high voltage pulsed galvanic

current (WPGC). Twenty-two healthy adult subjects volunteered to

participate in this study.

A repeated measures design was used with each subject being

tested under each of the testing conditions: 1) a slush bucket

cooled to 1-2°C and 2) a slush bucket cooled to 1-2°C with the

introduction of a positive polarity HYPGC of 80 pulses per second.

Each testing condition was administered one time for 30 minutes with

a one week minimum time period between testing conditions. Skin

surface temperatures were measured every 2.5 minutes from time 0

through time 30 minutes.

An analysis of variance was computed using the treatment

conditions and time (0.0, 2.5, 5.0, 7.5, 10.0, 12.5, 15.0, 17.5,

20.0, 22.5, 25.0, 27.5, and 30.0 minutes) as the independent
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variables. When a significant difference between variables was

determined a Scheffe test was conducted to determine significant

difference in each testing condition at selected points in time.

Conclusions

Three hypotheses were tested in this study and within the

limitations of this study it was concluded:

1) No significant difference existed in skin surface

temperature response as a result of applying ice or ice plus

HVPGC.

2) No significant difference existed in skin surface

temperature response patterns over a span of 30 minutes as a

result of the application of ice or ice plus HVPGC.

3) No significant difference existed in skin surface

temperature response patterns of male and female subjects

over a span of 30 minutes as a result of the application of

ice or ice plus HVPGC.
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Recommendations

From the results of this investigation and the review of the

literature, the following are recommendations for future research

consideration:

1. Measures need to be done comparing healthy ankles with

injured ankles.

2. Depth of cold penetration needs to be compared using cold

and cold with HVPGC.

3. Blood flow measures need to be compared using cold and cold

with HVPGC.



73

BIBLIOGRAPHY

1. Abraham WM: Heat vs. cold therapy for treatment of muscle
injuries. Athletic Training 9: 177, 1974.

2. Abramson DI, Tuck S, Lee SW, Richardson G, Chu LSW: Vascular
Basis for pain due to cold. Archives of Physical Medicine
and Rehabilitation 47: 300-305, 1966.

3. Adams JA: The Effects of Frequency of
Galvanic Stimulation on the Results of
Chronic Low Back Pain Patients. M.S.

U., 1983.

4. Allwod MJ, Burry HS: The effect of local
flow in the human foot. Journal of

357, 1954.

High Voltage Pulsed
Treatment for Pain in
Virginia Commonwealth

temperature on blood
Physiology 124: 345-

5. Alon G: High Voltage Galvanic Stimulation. Pamphlet from
Chattanooga Corporation supplied with purchase of Intelect
model 500u.

6. Anonsen RE: Evaluating injuries, protective devices and

cryokinetics in ice hockey. Journal of the National

Athletic Trainers Association 5: 16-19, 1970.

7. Barcroft H, Edholm OG: Temperature and blood flow in the human
forearm Journal of Physiology 104: 366-376, 1946.

8. Barnes L: Cryotherapy - Putting Injury on Ice The Physician and
Sports Medicine 7: 130-136, 1979.

9. Bassett CAL, Becker RO: "Generation of electric potentials by
bone in response to mechanical stress." Science 137: 1063-
1064.

10. Bassett SW, Lake BM: Use of cold applications in the management
of spasticity. The Physical Therapy Review 38: 333-334,
1958.

11. Behnke RS: Cryotherapy and vasodilation. Athletic Training 8:

106+, 1973.

12. Benton LA, Baker LL, Bowman BR, Waters RL: Functional Electrical
Stimulation - A Practical Clinical Guide - 2nd ed. Rancho
Los Amigos Hospital Downey, CA 1981.

13. Bierman W: Therapeutic use of cold. Journal of American Medical

Association 157: 1189-92, 1955.



74

14. Bishop B: "Pain: Its physiology and rationale for management"
Part I, II, and III. Physical Therapy 60: 13-37, 1980.

15. Boes MC: Reduction of spasticity by cold. Journal of the
American Physical Therapy Association 42: 29-32, 1962.

16. Broken N, Bierman W: Temperature changes produced by spraying
with ethyl chloride. Archives of Physical Medicine and
Rehabilitation 36: 288-290, 1955.

17. Bowman BR, Baker LL, Waters RL: "Positional feedback and

electrical stimulation: An automated treatment for the

hemiplegic wrist. Archives of Physical Medicine and

Rehabilitation 60: 497-502, 1979.

18. Brooks B, Duncan GW: The effects of temperature on the survival
of anemic tissue. Annals of Surgery 112: 130-137, 1940.

19. Cappell DF: Muirs Textbook of Pathology. The Williams and
Wilkins Company, Baltimore, p. 4, 1965.

20. Carley PJ, Wainapel SF: A Clinical Application of Electrotherapy
for Accelerating Wound Healing. in Abstracts of the 45th
Annual Assembly of the American Academy of Physical Medicine
and Rehabilitation. Archives of Physical Medicine &

Rehabilitation 64: 482, 1983.

21. Chambers R: Clinical uses of cryotherapy. Physical Therapy 49:

245-249, 1969.

22. Chu DA, Lutt CJ: The rationale of ice therapy. The Journal of

the National Athletic Trainers Association 4:S79, 1969.

23. Clarke DH: Effect of immersion in hot and cold water upon
recovery of muscular strength following fatiguing isometric

exercise. Archives of Physical Medicine and Rehabilitation
44, 565-568, 1963.

24. Clarke DH, Stelmach GE: Muscle fatigue and recovery curve

parameters at various temperatures. Research Quarterly, 37:

468-479, 1966.

25. Clarke RSJ, Hellon RF: Hyperaemia following sustained and

rhythmic exercise in the human forearm at various

temperatures. Journal of Physiology 145, 447-458, 1959.

26. Clarke RSJ, Hellon RF, Lind AR: Vascular reactions of the human

forearm to cold. Clinical Science (London) 17: 165-79,

1958.



75

27. Clendenin MA, Szumsku AJ: Influence of cutaneous ice application
on single motor units in humans. Physical Therapy 51: 166-

175, 1971.

28. Cox JS, and Brand RL: Evaluation and treatment of lateral ankle

sprains. The Physician and Sports Medicine 5: 51-55, 1977.

29. Crean D: The management of

Journal of Sports Medicine

30. Dibner B: Salvani-Volta:

discovery of electricity.
1952.

soft tissue injuries. British

15: 75-76, 1981.

A controversy that led to the

Burndy Library, Norwalk, Conn.

31. DonTigny RL, Sheldon KW: Simultaneous use of heat and cold in
treatment of muscle spasm. Archives of Physical Medicine

and Rehabilitation 43: 235-237, 1962.

32. Downey JA, Darling RC, Miller JM: The effects of heat, cold, and

exercise on the peripheral circulation. Archives of

Physical Medicine and Rehabitation 49: 308-314, 1968.

33. Edwards RHT, Harris RC, Hultman E, Kayser L, Koh D, Nordesjo

LO: Effect of temperature on muscle energy metabolism and
endurance during succesive isometric contractions, sustained
to fatigue, of the quadriceps muscle in man. Journal of

Physiology 220: 335-352, 1972.

34. Ferry PJ, Prentice NG: Ice treatment of Injured ligaments: an

experimental model. New Zealand Medical Journal 91, 12-14,

1980.

35. Floriani LP: Ankle injury mechanism and treatment guides The

Physician and Sports Medicine 4: 72-78, 1976.

36. Fox RH, Wyatt HT: Cold-induced vasodilatation in various areas

of the body surface of man. Journal of Physiology 162: 289-

97, 1962.

37. Galvani L: Commentary on the effects of electricity on muscular

motion. Translated intirU015 by MG Foley. Burndy

Library, Norwalk, Conn. 1953.

38. Garrick JG: The frequency of injury, mechanism of injury, and

epidemiology of ankle sprains. The American Journal of

Sports Medicine 5: 241-242, 1977.

39. Gault WR, Gatens PF Jr: Use of low intensity direct current in
management of ischemic skin ulcers. Physical Therapy 56:

265-269, 1976.



76

40. Glaser EM, Whittow GC: Adaptation to cold. Journal of

Physiology 136: 98-111, 1957.

41. Glick EN, Lucas M: Ice Therapy. Annals of Physical Medicine
10: 70-75, 1969.

42. Gracanin F, Trnkoczy: Optimal stimulus parameters for minimum

pain in the chronic stimulation of innervated muscle.

Archives of Physical Medicine and Rehabilitation 56: 243-

249, 1975.

43. Grant AE: Massage with ice (cryokinetics) in the treatment of
painful conditions of the musculoskeletal system. Archives

of Physical Medicine and Rehabilitation 45: 233-38, 1964.

44. Grosse JE: Depression of muscle fatigue curves by heat and

cold. Research Quarterly 29: 19-31, 1958.

45. Guyton AC: Textbook of Medical Physiology, 5th ed. W.B.

Saunders Company, Philadelphia, 1976.

46. Hamer DH, Howson DC: Bibliography on Electroanalgesia. Physical

Therapy 58: 1485-1488, 1978.

47. Hartviksen K: Ice therapy in spasticity. Acta Neurologica
Scandinavia Supplement 3, 38: 79-84, 1962.

48. Hayden CA: Cryokinetics in an early treatment program. Journal

of the American Physical Therapy Association 44: 990-993,

19647

49. Hirata I: The Doctor and the Athlete. J.B. Lippincott, Co.

PhiladelT5Ta, 1974, P7328:

50. Hocutt JE: Cryotherapy American Family Physician 23: 141-144,

1981.

51. Hocutt JE, Jaffe R, Rylander CR, Beebe JK: Cryotherapy in ankle

sprains. The American Journal of Sports Medicine 10: 316-
319, 1982.

52. Johannes SM, Knight KL: Temperature response during the warming
phase of cryokinetics. Presented at the Indiana Interagency
Research Seminar, West Lafayette, In. April 1979.

53. Johnson DJ, Leider FE: Influence of cold bath an maximum

handgrip strength. Perceptual Motor Skills 44: 323-326,

1977.



77

54. Johnson DJ, Moore S, Moore J, Oliver RA: Effect of cold
submersion on intramuscular temperature of the gastrocnemius
muscle. Physical Therapy 59: 1238-1242, 1979.

55. Johnson WO: Spray 'em, Play 'em. Sports Illustrated 54: 34+,

1981.

56. Kabat H: Proprioceptive facilitation in therapeutic exercise in
Therapeutic Exercise ed. by Licht, S. New Haven, Conn. 1965,
pp. 327-344.

57. Kalenak A, Medlar CE, Fleagle SB, Hochberg WJ: Athletic

Injuries: Heat vs. Cold. American Family Physician 12:

131-134, 1975.

58. Keatinge WR: The effect of general cooling on the vasodilator
response to cold. Journal of Physiology 139, 497-507, 1957.

59. Kelly M: Effectiveness of a cryotherapy technique on

spasticity. Physical Therapy 49: 349-353, 1969.

60. Kerr BJ: D.C. (Galvanic Current). Unpublished paper.

61. King TC, Price RB: Surface Cooling Following Extensive Burns.
Journal of the American Medical Association 183: 677-678,

1963.

62. King PG, Reid DHG, Mendryk SW: The effect of actively increased
muscle temperature on grip strength. Medicine Science in
Sports and Exercise 2: 172-175, 1970.

63. Klafs CE, Arnheim DD: Modern Principles of Athletic Training.
5th ed. C.V. Mosby Co. St. Louis, 1981.

64. Knight C: Transcutaneous Electrical Nerve Stimulation: Concepts

and Applications. Electronic Research Devices Corporation,
Portland, OR, 1979.

65. Knight KL: The effects of hypothermia on inflammation and

swelling. Athletic Training, 11: 7-10, 1976.

66. Knight KL: Cryotherapy in Sports Medicine Relevant Topics in
Athletic Training Edited by Scriber K and Burke E Mouvement
Publications, 1978., pp. 52-59.

67. Knight KL: Ligament ruptures produced by forced inversion of
cadaver ankles. Athletic Training 14: 91-94, 1979.

68. Knight KL, Aquino J, Johannes SM, Urban CD: A reexamination of
Lewis' cold-induced vasodilation - in the finger and the
ankle. Athletic Training 15: 248-250, 1980.



78

69. Knight KL, Bryan KS, Halvorsen JM: Circulatory changes in the
forearm during and after cold pack application and immeraion
in 1°, 5°, 10°, and 15°C water. Presented at the Pan

American Congress of Sports Medicine and Exercise Science in
Miami, FL, May 1981.

70. Knight KL, Elam JF: Rewarming of the ankle, forearm, and finger
after cryotherapy: Further investigation of Lewis' cold-
induced vasodilitation. Journal of Canadian Athletic

Therapy Association 8: 15-17, 1981.

71. Knight KL, Londeree BR: Comparison of blood flow in the ankle of
uninjured subject during therapeutic applications of heat,
cold, and exercise. Medicine and Science in Sport and

Exercise. 12: 76-80, 1980.

72. Kraus H: Use of surface anesthesia in treatment of painful
motion. Journal of the American Medical Association. 116:
2582-83, 1941.

73. Kulund DN: The Injured Athlete, JB Lippincott Company,

Philadelphia, 1982.

74. Lane LE: Localized hypothermia for the relief of pain in

musculoskeletal injuries. Physical Therapy 51: 182-183,

February 1971.

75. Lee JM, Warren MP, Mason SM: Effects of ice on nerve conduction

velocity. Physiotherapy 64: 2-6, 1978.

76. Lehmann JF, deLateur BJ: "Cryotherapy" Therapeutic Heat and

Cold Edited by Lehmann JF, Williams and Wilkins, Baltimore,

1982, pp. 563-603.

77. Lewis T: Observations upon the reactions of the vessels of the
human skin to cold Heart 15: 179-208, 1930.

78. Licht S: History of therapeutic heat and cold Therapeutic Heat

and Cold Edited by Lehmann JF, Williams and Wilkins,

iTtimore, 1982, pp. 1-35.

79. Lippold OCJ, Nicholls JG, Redfearn JWT: A study of the afferent

discharge produced by cooling a mammalian muscle spindle.
Journal of Physiology 153: 218-231, 1960.

80. Loew EA, Bergseth FR: Direct and Alternating Currents - 4th

ed. McGraw-Hill BookC(WiniTTnc. New York, 1954.



79

81. Lorenze, EJ, Caratonis G, DeRosa AJ: Effects on coronary

circulatin of cold packs to hemiplegic shoulders. Archive

of Physiological Medicine 41: 394-399, 1960.

82. Lowdon BJ, Moore RJ: Determinants and nature of intramuscular

temperature during cold therapy. American Journal of

Physical Medicine 54: 223-233, 1975.

83. McGown HL: Effects of cold application on maximal isometric

contractin. Physical Therapy Review 47: 185-192, 1967.

84. McMaster WC, Liddle S, Waugh TR: Laboratory evaluation of

various cold therapy modalities American Journal of Sports

Medicine 6: 291-294, 1978.

85. McMaster WC: Cryotherapy. The Physician and Sports Medicine

10: 112-119, 1982.

86. Mack RP: Ankle injuries in athletics Athletic Training 10: 94-

95, 1975.

87. Masten F, Questad KL, Master A: The effect of local cooling on

postfracture swelling. Clinical Orthopedics 109: 201-206,

1975.

88. Mead S, Knott M: Topical cryotherapy: Use for relief of pain

and spasticity. California Medicine 105: 179-181, 1966.

89. Mehta M: Intractable Pain. W.B. Saunders Company, Philadelphia,

1973.

90. Mennell JM: The therapeutic use of cold Journal of the American

Osteopathic Association 74: 1146-1158, 1975.

91. Melzack R, Wall PD: Pain Mechanisms: A new theory. Science

150: 971-979, 1965.

92. Michalski WJ, Seguin JJ: The effects of muscle cooling and

stretch on muscle spindle secondary endings in the cat.

Journal of Physiology 253: 341-356, 1975.

93. Miglietta 0: Action of cold on spasticity. American Journal of

Physical Medicine 52: 198-205, 1973.

94. Miglietta 0: Electromyographic characteristics of clonus and

influence of cold. Archives of Physical Medicine and

Rehabilitation 45: 508-512, 1964.

95. Moore FD: Give and Take: The development of tissue

transplanti5h. Doubleday & Company, Inc. Garden City,

NJ, 1964, p. 135.



80

96. Moore RJ, Nicolette RL, Behnke RS: The therapeutic use of cold

(cryotherapy) in the case of injuries. Journal of the

National Athletic Trainers Association 3: 6-8+, 1967.

97. Murphy AJ: The physiological effects of cold application.

Physical Therapy Review 40: 112-115, 1960.

98. Newton R: Electro-Therapy and Ultrasound. Presented at the 1984

Rich-Mar Sales Meeting, Portland, OR, March 1984.

99. Newton MJ, Lehmkuhl D: Muscle spindle response to body heating

and localized muscle cooling: Implications for relief of

spasticity. Journal of the American Physical Therapy

Association 45:9 , 1965.

100. Nielson AJ: Spray and Stretch for myofascial pain. Physical

Therapy 58: 567-569, 1978.

101. Nimchick PSR, Knight KL: Effects of wearing a toe cap or sock on

temperture and received pain during ice water immersion.

Athletic Training 18: 144-147, 1983.

102. O'Donoghue DH: Treatment of Injuries to Athletes 3rd ed. W.B.

Saunders, Co. Philadelphia, 1976.

103. Oliver RA, Johnson DJ: The effect of cold water baths on post
treatment leg strength. The Physician and Sports Medicine

4: 67-69, 1976.

104. Oliver RA, Johnson DJ, Wheelhouse WW, Griffin PP: Isometric

muscle contraction response during recovery from reduced

intra-muscular temperature. Archives of Physical Medicine

and Rehabilitation 60: 126-129, 1979.

105. Olson JE, Stravino VD: A review of cryotherapy. Physical

Therapy 52: 840-853, 1972.

106. Paris DL: Effects of Neuroprobe treatment of 2° ankle sprains.

Physical Therapy. 63: 35-37, 1983.

107. Patterson RP: Instrumentation for Electrotherapy. in

Therapeutic Electricity and Ultraviolet Radiation, 3rd ed.

Ed. Stillwell GD, Williams and Wilkins Baltimore, pp. 65-

108, 1983.

108. Prentice WE: The Use of Electroacutherapy in the Treatment of

Inversion Ankle Sprains. Athletic Training 17: 15-21, 1982.

109. Raptou AD: Cryotherapy: A Brief Review. Southern Medical

Journal 61: 625-627, 1968.



81

110. Robbins SL: Pathological Basis of Disease. J.B. Saunders
Company, Philadelphia, p. 1595, T974.

111. Rockefeller LE: The use of cold packs for increasing joint range
of motion - A study. The Physical Therapy Review 38: 564-
566, 1958.

112. Rocks, JA: Intrinsic shoulder pain syndrome. Physical Therapy
59: 153-159, 1979.

113. Roy SP: Evaluation and treatment of the stable ankle sprain.
The Physician and Sports Medicine 5: 60-63, 1977.

114. Ryan AJ: Technological advances in sports medicine and in the
reduction of sports injuries. Exercise and Sports Science
Review 1: 285-312, 1973.

115. Showman J, Wedlick LT: The use of cold instead of heat for the
relief of muscle spasm. The Medical Journal of Australia
50: 612-614, 1963.

116. Shriber WJ: A Manual of Electrotherapy - 4th Ed., Lea and
Febiger, PhililgThifia, 1977.

117. Silverstein IN: The effect of cryotherapeutic medical galvanic
current in the treatment of moderate ankle sprains. M.S.
Western Illinois University, 1974.

118. Smith RM, Stetson JB: "Therapeutic Hypothermia" in Therapeutic
Heat and Cold, ed. Licht S., Waverly Press, Inc. 1965, pp.
502-537.

Smith LrlalvancTl"gegTVVI= ofAe TiiaFracture.AlTiMIr1X
Snedeker J, Recine V, McCarter C: Cryotherapy and

injury, Part 1. The Athletic Journal 55: 16+,

Snedeker J, Recine V, McCarter C: Cryotherapy and
injury, Part 2. The Athletic Journal 55: 10 +,

the athletic
1974.

the athletic
1974.

Stillwell GK: Electrotherapy, in Krusens Handbook of Physical
Medicine and Rehabilitation, 3rd ed., Editors Kottke JF, et
al., W.B. Saunders Company, 1982, pp. 360-371.

123. Stoddard G: Cold treatment of ankle sprains. Scholastic Coach
39: 50-52, 1969.

124. Thorndike A: A frequency and nature of sports injuries.
American Journal of Surgery 98: 316-324, 1959.



82

125. Thurman B, Christian E: Response of a serious circulatory lesion
to electrical stimulation. Physical Therapy 51: 1107-1110,
1971.

126. Till D: Cold Therapy. Physiotherapy 55: 461-466, 1969.

127. Travell J: Treatment of painful disorders of skeletal muscle.
New York State Journal of Medicine. 48: 2050-2059, 1948.

128. Travell J: Ethyl chloride for painful muscle spasm. Archives of
Physical Medicine 33: 298-298, 1952.

129. Urban CD: Insulating effects of elastic wraps used during the
application of ice compression, and elevation to the lateral
aspect of the ankle. M.S. Indiana State University, 1980.

130. Viel E: Treatment of spasticity by exposure to cold. Physical

Therapy Review 39: 598-599, 1959.

131. Vodovnik L, Long C, Regenos E, Lippay AP: Pain Response to
Different Tetanizing Currents. Archives of Physical
Medicine and Rehabilitation 46: 187-192, 1965.

132. Waylonis GW: The physiologic effects of ice massage. Archives

of Physical Medicine and Rehabilitation 48: 37-42, 1967.

133. Wedlick LT: The use of heat and cold in the treatment of sports
injuries. The Medical Journal of Australia 54: 1050-1051,
1967.

134. Whitwam JG, Kidd C, Fussey IV: Responses in sympathetic nerves
of the dog evoked by stimulation of somatic nerves. Brain

Research 165: 219-233, 1979.

135. Wolf SL: Perspectives on central nervous system responsiveness
to transcutaneous electrical nerve stimulation. Physical

Therapy 58: 1443-1449, 1978.

136. Wolf SL, Basmajian JV: Intramuscular temperature changes deep to
localized cutaneous cold stimulation. Physical Therapy
53: 1284-1288, 1973.

137. Zweifach BW: Microcirculatory aspects of tissue injury. Annals

of the New York Academy of Science 116: 831-838, 1964.



APPENDICES



8Th

APPENDIX A
HUMAN SUBJECT APPROVAL



Title:

OREGON STATE UNIVERSITY

Committee for Protection of Human Subjects

Chairman's Suntan of Review

parThri-ion rffect5 of Rich Voltaoe Galvanic Currents

on Healthy Ankles Immersed in a Slush Bath
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Program Director:

Recommendation:

X Approval*

Richard Irvin for Donald Campbell

Trovisional Approval

Disapproval

No Action

The informed consent forms obtained from
each subject need to be retained for the
long term. Archives Division of the OSU
Department of Budgets and Personnel

Service is willing to receive and
archive these on microfilm. At present

at least, this can be done without

charge to the research project. Please

have the forms retained in Archives as

well as in your files.

Remarks: This proposal is approved, following discussion with the principal

investigator and receiving his assurance that the voltages applied are in

the range of those normally used in physical therapy of muscular strains,

and that the instrument used for the generation of such voltages is a

standard one used routinely in sports medicine and related fields.

Date: May 3, 1984 Signature

If the recommendation of the committee is for provisional approval or disapproval,

the program director should resubmit the application with the necessary correc-

tions within one month.
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APPENDIX B
SUBJECT NENORMDUN
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SUBJECT MEMORANDUM

Few injuries in athletics are more omnipresent than those

involving the ankle. Although the athlete may make every effort
possible to protect themself, the ankle injury still accounts for 10-

20% of time loss injuries, While the knee may suffer a number of
different injuries such as sprains, contusions, etc., the ankle is

unique in that almost 85% of the injuries are sprains and the

majority of these sprains occur to the lateral ligamentous complex.

With these statistics it becomes evident that the lateral ankle

sprain is not an uncommon occurrence in Athletic Training. Thus, it

becomes imperative that the most efficient and effective means be
found to aid in the safe return of the athlete to competition. I am

engaged in a research project that may help solve such a problem.

We at Oregon State have used the slush bucket and high voltage

pulsed galvanic current (HVPGC) treatment therapy for the last four

years with positive results in controlling swelling and pain.

However, it is not fully understood what effect the current has in

reducing pain and swelling. I am examining one aspect of the

treatment therapy in that I am looking at the time that it takes for

the skin surface temperature to drop and plateau using straight slush

and slush and HVPGC.

As a volunteer subject you will be required to perform two trials

consisting of approximately 45 minutes each. One trial will consist

of placing a surface temperature probe on the lateral side of the

ankle over the area of the anterior talo-fibular (ATF) ligament.

Initial skin temperatures will be made for 10 minutes. After the

initial 10 minutes the toes will be covered with a neoprene toe cap
to ward off the discomfort the toes may experience from the cold.

The foot and ankle will be placed into a slush bath (1-2°C) deep
enough to cover the malleoli completely. Skin surface temperature

measurements will be made every 2-1/2 minutes and the ice bath will

be stirred 1 minute prior to each measuring period to prevent the

insulating effect next to the skin from creating inaccurate

readings. Measurements will be made for 30 minutes.

The second trial will be set up the same way except there will be

a high voltage galvanic current introduced to the slush bath by means

of a Rich-Mar Stimplex High Voltage Pulsed Galvanic Current

Generator. The Rich-Mar will be set for 80 pulses per second with a

positive polarity. The machine will be explained to you and the
regulation of the voltage controlled by you, the subject. You will

introduce current until you feel a very high, fast buzzing sensation

but no muscle contraction. Once a voltage level has been attained it

will be recorded and unchanged throughout the rest of the

experiment.
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The testing conditions will be assigned on an alternating basis,
i.e. first person slush, second person slush with HVPGC, third person

slush, etc. This will determine whether you receive slush only or

slush and stim first. After the initial test you will be scheduled a
time to return to complete the second portion of the study.

Your participation in this project will not subject you to any

forseeable risks or harm. Placing the foot in an ice slush may cause

some initial discomfort due to the cold but this should subside in 5-

7 minutes. Also there are those people who are allergic to the
cold. They will develop a rash after exposure to cold but this

disappears after a period of time. If you are allergic to cold you

will be excluded from the study.

As a volunteer for this study you will have the satisfaction of

knowing that you have helped evaluate the effectiveness of using high

voltage pulsed galvanic current as a treatment modality. Your taking

part will allow me to see whether high voltage pulsed galvanic

current has any effect on skin temperature reduction time.

The data from this project will be used for a statistical study
and will be published as partial fulfillment for the requirements for

an EdD in Education. It is also possible that the results from this

study may be published elsewhere, however, at no time will you be
identified by name, as a participant in this study.

In order for you to participate in this project it will be

necessary for you to give your written consent.

If you have any questions, please write them in the space below

entitled "I have the following questions" and I will answer them

immediately.

I have the following questions:

Name Telephone
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APPENDIX C
INDIVIDUAL CONSENT FORM



I. I hereby
conducted
understand
Brubaker's
associated

INDIVIDUAL SUBJECT CONSENT FORM

consent to participate in a research

under the direction of Mr. Deloss
that, although the project will

direction, other persons may assi

with him.
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project to be

Brubaker.
be under Mr.

st him or be

2. It has been explained to me and I understand that:

a) This project is to evaluate the effectiveness that high
voltage pulsed galvanic current has on the reduction of skin
temperature.

b)

c)

d)

My participation will be two sessions of approximately 45
minutes each. My participation is more particularly
described in the attached memorandum.

I may end my participation in this project at any time and
Mr. Brubaker may end it at any time also with or without my
consent.

The data from this project will be used for a statistical
study and that upon publication my name will not be

identified.

3. I further consent to allow Mr. Brubaker or his associates or
assistants to administer the program described in the attached
memorandum; report their findings to government agencies; funding
agencies; manufacturers; or scientific bodies; and to publish
their findings.

4. My consent is given freely and with full knowledge of the nature
and purpose of this project; the alternatives that are reasonably
available; the benefits that may be expected; and the risks that
may be involved; as more particularly described in the attached
memorandum, which memorandum is incorporated herein and made part
hereof.

Witness Signed Date




