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Descriptions
• This course examines the principles of using thermal agents as physical 

therapy intervention for tissue healing and pain management as described 

in The Guide to Physical Therapist Practice.  The presentation features an 
in-depth study of two powerful electro-thermal modalities, namely, 
shortwave diathermy and therapeutic ultrasound.  Primary discussion will 

compare and contrast the physics of the respective forms of energy and its 
physiological benefit/risk.

• This course will also examine the recent research evidence to deepen our 
understanding of the two widely used, but often-misunderstood 
modalities.  Clinical trials, case studies, and Meta-analysis studies will be 
examined to assist clinicians in clinical decision-making.  The course will 
conclude with discussions concerning some of the discrepancies found in 
these evidence and why there seems to be an overwhelming favor by our 
clinicians in using one modality over another as the electro-thermal agent 

of choice.

Objectives

TO EXPLORE:

• What we have learned from School?

• What we have learned from Practices?

• What we have learned from Research?

• What we have learned from today’s Discussion?

• Where we can go to learn more: References

Reference Texts

Therapeutic Goals
Why physical Agents

TISSUE 

RESPONSES

PAIN

DYSFUNCTION

Therapeutic Goals
Why physical Agents

• General Goals:
– Reduction of symptoms

– Promotion of response

• Specific Goals:
– Modify inflammation and healing

– Relieve Pain

– Alter collagen extensibility & joint articulation

– Modify muscle tone

– Increase tissue perfusion

http://www.shop.com/op/~Manual_for_Physical_Agents-oprod-6087561
http://www.shop.com/op/~Integrating_Physical_Agents_in_Rehabilition-oprod-6035563
http://www.shop.com/op/aprod-p32537693-k24-g1-~physical+agents-nover
http://www.shop.com/op/~Evidence_Based_Guide_to_Therapeutic_Physical_Agents-oprod-5952803
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Therapeutic Goals

Factors influence outcome

Local factors
Location

Size

Type

Infection

Vascular supply

External force

Movement

Systemic factors
Age

Disease/Dysfunction

Medication

Nutrition

Psychosocial

Emotional

Environmental

Systemic Responses to   Body Heat:

• CNS activation (increase): 

ïThermal sensory experiences

ïMetabolic rate

ïCapillary permeability

ïVascular flow

ïSpinal reflexive responses

ïErythema

ïSudomotor activity

ïCardiovascular activity

ïRespiratory activity

ïSoft tissue extensibility

ïPeripheral nerve conduction 
velocity and motor nerve 
activities 

Systemic Responses to   Body Heat:

• Endocrine activation (Increase production): 

– Prostaglandin 

– Histamine 

– Bradykinin

– Serotonin

Mediators for: vasodilation, 

smooth muscle contraction, 

inflammatory responses.

Systemic Responses to   Body Heat:
*Hecox, B.,  p. 126

ÅCardiovascular activation:

Systemic Responses to   Body Heat:
*Hecox, B.,  p. 126

*Comparison of the effects of two superficial heat modalities on 
surface and deeper tissues

*Hecox, B.,  P. 113
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Pain Responses to Heat

Anatomic structures
1. Norciceptive receptors
2. A-delta fibers
3. A-beta fibers
4. C-fibers
5. Dorsal Horn
6. Substantia gelatinosa
7. T-cells
8. Spinothalamic tract
9. Thalamus
10. Limbic system
11. Cerebral cortex

Pain pathway:

Pain Responses to Heat

• Proposed by Ronald Melzack and 
Patrick Wall in 1965; revised in 
1978.

• Larger A-fibers over riding smaller 
C-fibers at substantia gelatinosa in 
the dorsal horn of the spinal cord.

• Additional control at the gate by 
nociceptive and non-nociceptive 
neurons; (i.e. A-beta fibers and 
descending inhibitory fibers)

• Enkephalin–in substantia gelatinosa, 
blocking substance P in dorsal root 
ganglia at spinal level

• Dynorphin–blocking at neuronal cell 
bodies and nerve endings in 
periaquaductal gray matter, 
rostroventral medulla, and dorsal 
horn.

• Beta-endorphins–in hypothalamus, 
blocking via breaking down bradykinin 

Gate theory Endogenous Opiate theory

Pain Responses to Heat

www.rah.sa.gov.au/psychology/grafix/chronic.gif

Introducing the Contender

άŦƛƎƘǘƛƴƎ ŦǊƻƳ ǘƘŜ .ƭǳŜ /ƻǊƴŜǊέ

DIATHERMY Review

Physics and Physiology

SHORTWAVE DIATHERMY

• Diathermy =  “To heat through” 
• Diathermy –electromagnetic radiation
• Two types of diathermy modalities

– Shortwave diathermy
• radio frequency transmitter

– Microwave diathermy
• Magnetron transmitter

–

• What about ‘Longwave’ diathermy?
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Electromagnetic Radiations

Region Clinically 

Used

Frequency

Clinically 

Used

Wavelength

Estimated 

Effective 

Depth of 

Penetration

Shortwave 

Diathermy

13.56 MHz

27.12 MHz

22 m

11 m
3 cm

Microwave 

Diathermy

433.9 MHz

915 MHz

2450 MHz

69 cm

33 cm

12 cm

5 cm

Diathermy Physiology

• Thermal Effects-High frequency vibration of molecules

Heating = Current density2 x Resistance

Blood flow

Vasodilation

Membrane permeability

Metabolic rate

Enzymatic reactions

Extensibility of soft tissues

Nerve growth and repair

Inflammation

Joint stiffness

Muscle tension

Pain 

Diathermy Physiology

• Nonthermal Effects: (theoretical basis)

– Promote cellular repair and wound healing

• Repolarization of cell membrane potential of damaged 
cells.

– Mediate inflammatory process

• Reactivation of sodium pump in cells to restore ionic 
balance

Shortwave Diathermy

...capable of heating a much larger area than 
ultrasound; the applicator is stationary so the 
heat applied to the area is more constant; the 
rate of temperature decay is slower following 
diathermy application allowing more time for 
stretching; using diathermy doesn’t require 
constant monitoring.*

*Prentice, W. Therapeutic Modalities for Physical Therapists, McGraw-Hill, 2002

Shortwave Diathermy

• High-frequency electrical current produce an 
Electrical field and a Magnetic field.

• The ratio of the two fields depends on the type  of 
unit and the electrodes (applicators)
– Unit types:

• 13.56 MHz produces stronger magnetic field

• 27.12 MHz produces stronger electrical field

– Electrodes types:

• Induction Electrodes (cable or drum)-strong magnetic field

• Capacitor Electrodes (pad or plate)-strong electrical field 

Shortwave Diathermy

Induction Electrodes:
– Cable coil or cable inside 

drum housing

– Magnetic field is 
generated by electric 
current through the cable 
(pancake coil and wraparound 
coil)

– Magnetic field induces 
current in surrounding 
tissues-Eddy currents

– Patient is in a magnetic 
field, not part of the 
circuit.

– Eddy currents generate 
intermolecular oscillation 
of tissue Ą Heat

– Greatest current flow 
through tissues with least 
resistance

– Muscle and blood respond 
best to the magnetic field

– Depth of penetration-2-
3cm, skin 1-2cm away 
from drum

Shortwave Diathermy
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Shortwave Diathermy

• Capacitor Electrodes:

– Current alternates between the plates.

– Patient is part of the electric field(circuit).

– Greater resistance to current flow Ą Heat

– Fatty tissues insulate and resist the flow

– Subcutaneous fat tends to overheat in electric 
field

Shortwave Diathermy Pulsed Shortwave Diathermy

– A newer form of diathermy

– Pulsed diathermy-Induction (Drum) type

– Pulse duration is short, @ 20-400 uSec

– Intensity burst up to 1000 wt/pulse

– Interpulse interval (off time) @ 1-7000 Hz

Pulsed Shortwave Diathermy

Diathermy Indications

• Postacute musculoskeletal 
injuries:
– Increase vascular flow

– Increase collagen extensibility

– Decrease pain

– Resorption of hematoma

– Promote tissue repair

– Muscle relaxation

• Other medical conditions:

– Pelvic inflammatory disease

– Primary dysmenorrhea

– Sinusitis

– Pneumonia

– Herpes zoster

– Otitis medis

Diathermy Contraindications

• Acute trauma

• Fluid filled areas- i.e. 
organs, joints

• Open wound

• Malignancies

• Epiphyseal plates

• Cardiac pacemakers

• Metal implants*

• Infections

• Pelvic area during 
menstruation

• Intrauterine devices

• Pregnancy*

• Eyes, contact lenses

• Area of reduced sensitivity 
to temperature/pain

• Testes

Diathermy Techniques

• Induction type for area of high adipose 
content and/or muscular structures

• Capacitor type for joints, ligaments, tendons

• One layer of towel should be used for drum 
and plates, approx 1” space

• Thicker layering for pads and cables

Diathermy Techniques
(Precautions)

• Avoid direct contact of the lead cables

• Avoid crossover of the lead cables

• Keep away other medical electrical devices

• Keep away watches and jewelry

• Do not use metal treatment chair or table
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References

• http://apa.advsol.com.au/staticcontent/staticpages/
guidelines/epags.pdf

Åhttp://www.fda.gov/cdrh/safety/121902.html

Åhttp://www.fda.gov/ora/inspect_ref/itg/itg10.html

Physics and Physiology

Introducing the Contender

άŦƛƎƘǘƛƴƎ ŦǊƻƳ ǘƘŜ wŜŘ /ƻǊƴŜǊΥ

ULTRASOUND Review

Ultrasound Physics

• Frequency: Lower freqĄ deeper penetration
• Law of Grotthus-Draper- Energy that is not absorbed by the 

superficial tissues will penetrate to deeper tissues.

• Attenuation: combination of absorption and 
scattering

• Reflection and Refraction: occurs at tissue 
interfaces as determined by the acoustic 
impedances

Percentage of the Incident Energy Reflect at Tissue Interfaces*

Interface Percent Reflection

Soft tissue/air 99.9

Water/soft tissue 0.2

Soft tissue/fat 1.0

Soft tissue/bone 15-40

*Ward, A.R.: Electricity fields and waves in therapy, Maricksville, NSW, Australia, Science Press, 1986 

Ultrasound Physics

• Components of a Therapeutic Ultrasound Generator

– High frequency electrical generator

– Oscillator circuit & Transformer

– Transducer
• Reverse-Piezoelectric effect  (quartz or synthetic ceramic crystals)

• Features of a Therapeutic Ultrasound Generator
– Effective Radiating Area (ERA)

– Frequency –1 MHz@ 2-5 cm; 3 MHz@ 1-2 cm

– Beam Nonuniformity Ratio (BNR)

– Duty Cycle= Continuous vs. pulse

– Power vs. Intensity ( Watt vs. Watt/cm2 )

– Duration (tx time)

Difference in BNR*

*Draper DO. Ten mistakes commonly made with ultrasound use: 

current research sheds light on myths.

Athletic Training: Sports Health Care Perspectives2(2):95-107, 1996.

http://apa.advsol.com.au/staticcontent/staticpages/guidelines/epags.pdf
http://apa.advsol.com.au/staticcontent/staticpages/guidelines/epags.pdf
http://www.fda.gov/cdrh/safety/121902.html
http://www.fda.gov/ora/inspect_ref/itg/itg10.html
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Ultrasound Physiology

• Thermal Responses:

– Deep heating effects

– Transmission vs. Absorption

– Total Tissue Temperature Rise (TTR)
1. The rate of energy applied

2. The length of time the energy applied

3. The thermal conductivity of the tissue

4. The rate of perfusion of blood to the tissue

– “Periosteal burn”

Ultrasound Physiology

• Nonthermal Responses:

Mechanical effect

– Micromassage

• Increase membrane permeability

• Increase ionic exchange

• Stable Cavitation-formation and collapse of gas bubbles 
within tissues

Indications

• Increase extensibility of collagen fibers

• Decrease joint stiffness

• Decrease muscle spasm

• Reduce pain

• Increase vascular flow

• Induce mild inflammatory response

Contraindications

• Cardiac Pacemaker

• Pregnancy

• Tumors

• Thombophlebitis

• Infected area

• Hemorrhagic tendency

• Epiphyseal plates ?

• Radiation tx area

• Cardiac structures

• Over the eyes

• Unprotected spinal cord

• Total joint replacement 
(cement)

Precautions ?

• Healing fractures ?

• Soft tissue repair ?

• Osteoporosis

• Plastic implants

• Metal implants

Ultrasound tx techniques

• Direct contact via coupling media
• Direct contact via bladder
• Non-contact tx via immersion
• Combo tx
• Phonophoresis

– Transdermal application of medications:    % transmission*

• Lidex gel, fluocinonide 0.05% ------------------------97%
• Thera-Gesic cream, methyl salicylate 15%----------97%
• Hydrocortisone 10%------------------------------------- 7%
• Myoflex cream, Trolamine salicylate 10% ---------- 0%
• Triamcinolone acetonide cream 0.1% ---------------- 0%

*Beherns, Michlovitz: Physical Agents, 1996
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General Protocol

Therapeutic effect Temp. increase Clinical application

Non thermal baseline Acute condition, edema

Mild thermal 10c Sub acute, hematoma

Mod. Thermal 20c Chronic inflammation, 

pain, trigger points

Vigorous 40c Stretch collagen

Rate of heating
(per minute)*

W/cm2 1 MHz
0C

3MHz
0C

0.5 0.04 0.3 

1.0 0.2 0.6

1.5 0.3 0.9 

2.0 0.4 1.4 

*Draper, D.O., Anderson, C., Schulthie, S.S.:

Rate of temperature increase in human muscle during 1 MHz and 3 MHz continuous ultrasound, 

J Orthop. Sports Phys. Ther. 22:142-150. 1995.

Determine Treatment time 

1. 5 min. per 25 in2 of treatment area

2. Min. of tx=      Size of treatment area

Acuity x ERA

Acuity:       1.5Ą Subacute

1.0Ą Chronic

0.8ĄMaximal heating

References

1. http://www.emedicine.com/pmr/topic203.h
tm

2. http://www.electrotherapy.org/electro/ultra
sound/ultrasound%20choices.htm

3. http://members.aol.com/PostureRx/ultrasou
nd.html

4. http://hyperphysics.phy-
astr.gsu.edu/hbase/hph.html

Fight Records

What’s been done in research:

– Diathermy vs. Ultrasound

• Peres, Draper, Knight, Ricard, 2002: 
– Pulsed shortwave diathermy application before prolonged long-duration static 

stretching was more effective than stretching alone in increasing flexibility...

• Draper, Castro, Feland, Schulthies, Eggett, 2004:
– …hamstring flexibility can be greatly improved when shortwave diathermy is 

used in conjunction with prolonged stretching.

• Robertson, Ward, Jung, 2005, (Australia):
– Shortwave diathermy, in the absence of stretching, increases tissue extensibility 

more than superficial heating or no heating.

• Karasuno, Morozumi, Fujiwara, Goh, Yamamoto, Senga, 2005, 
(Japan):

– …intramuscular blood volume increases as a result of the local thermal effect of 
continuous shortwave diathermy…

http://www.emedicine.com/pmr/topic203.htm
http://www.emedicine.com/pmr/topic203.htm
http://www.electrotherapy.org/electro/ultrasound/ultrasound choices.htm
http://www.electrotherapy.org/electro/ultrasound/ultrasound choices.htm
http://members.aol.com/PostureRx/ultrasound.html
http://members.aol.com/PostureRx/ultrasound.html
http://hyperphysics.phy-astr.gsu.edu/hbase/hph.html
http://hyperphysics.phy-astr.gsu.edu/hbase/hph.html
http://hyperphysics.phy-astr.gsu.edu/hbase/hph.html
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• Jan, Chai, Wang, Lin, Tsai, 2006, (Taiwan) :
– Shortwave diathermy to patients with knee OA can significantly reduce both synovial 

thickness and knee pain.

• Seiger, Draper, 2006: (case study)
– No negative effects reported from using pulsed shortwave diathermy and joint 

mobilization to increase ankle ROM in the presence of implanted metal.

• Cetin N, Aytar A, Atalay A, Akman MN, 2008 (Turkey):
– Using physicalagents before isokinetic exercises in women with knee osteoarthritis leads 

to augmented exercise performance, reduced pain, and improved function. Hot pack 
with a transcutaneous electrical nerve stimulator or short-wave diathermy has the best 
outcome.

• Shomoto K, Takatori K, Morishita S, Nagino K, Yamamoto W, Shimohira T, 
Shimada T, (Japan) 2002

– This study concluded that ultrasound therapy used along with therapeutic exercises had 
better results in decreasing the size of the calcification and decreasing pain during active 
movement than the treatment of therapeutic exercises alone.

• Uhlemann C, Heinig B, Wollina U, (Germany) 2003
– High-frequency and low-frequency US may be reasonable options in the management of 

chronic wounds.

• Morrisette DC, Brown D, Saladin ME, 2004
– continuous 1-MHz ultrasound used at intensities of either 1.5 W/cm2 or 2.0 W/cm2 can 

heat lumbar periarticular tissue in the L4-L5 zygapophyseal joint. 

• Bakhtiary AH, Rashidy-Pour A, 2004
– …ultrasound treatment is more effective than low level laser treatment in patients with 

mild to moderate carpal tunnel syndrome.

• Ennis WJ, Foremann P, Mozen N, Massey J, Conner-Kerr T,  Meneses 
P, 2005

– When used appropriately, 40.7% of treated wounds were healed after 12 weeks 
of care compared to 14.3% of wounds healed in the sham treatment group.

• Huang MH, Lin YS, Lee CL, Yang RC,  (Taiwan) 2005
– pulsed ultrasound treatment can increase the therapeutic effects of isokinetic 

strengthening exercise for treatment of periarticular soft tissue pain in patients 
with knee osteoarthritis.

• Warden, Fuchs , Kessler , Avin , Cardinal , Stewart, 2006
– ...conventional therapeutic ultrasound unit as traditionally used by physical 

therapists may be used to facilitate fracture repair.

• Kavros SJ, Miller JL, Hanna SW, 2007
– The rate of healing of cutaneous foot and leg ulcerations in patients with chronic 

critical limb ischemia improved significantly when MIST Therapy was combined 
with the standard of wound care.

• 2006 Cochrane Database systematic review of 
evidence for therapeutic ultrasound:

– Postpartum perineal pain and dyspareunia:

– Venous leg ulcers:                                        

– Pressure ulcers:                                            

– Patellofemoral pain syndrome:                    

– Acute ankle sprains:

– Osteoarthritis of the knee:                           

– Rheumatoid arthritis:                                   

Post-fight Analysis

1. Why there are so much discrepancies with the US 
studies and why there are so little hard data 
support US for clinical use?

2. If there are really no convincing evidence that 
support therapeutic ultrasound, why are we still 
embracing it?

3. Is SWD really better than US?  If so, why aren’t we 
embracing it?

Post-fight Analysis

1. Why there are so much discrepancies with the US 
studies and why there are so little hard data 
support US for clinical use?

– The dosages are diverse and difficult to justify.

– The clinician’s technique

– The sensitivity and accuracy of the outcome measures

– Output reliability and accuracy of equipment

*Robertson, VJ., Therapeutic ultrasound: re - evaluating the evidence , Physiotherapy 
Singapore , 6/2003, 6(2): 28 - 35.
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Post-fight Analysis

*Artho, PA., Jason, T., Barry, PW., Willis, CD., Brisnee, J_M., Latman, JS.k A 
Calibration Study of Therapeutic Ultrasound Units ,    Physical Therapy , 3/2002, 

82 (3),257 - 263

- ñéMore than 1/3 of machines tested in this 

study were outside the standard for power 

output,  and approximately ¼ of the mechanical 

timers were outside the standardé.ò

1. Why there are so much discrepancies with 

the US studies and why there are so little 

hard data support US for clinical use?

Post-fight Analysis

1. Why there are so much discrepancies with the US 
studies and why there are so little hard data 
support US for clinical use?

– “…Depending on the operation mode and the output power, surface 

temperatures ranged between 24.2- 80 degrees C within 5 
min…Differences between measured and displayed power output 
ranged between –32% and 28%…The effectiveness of treatment is 

lowered if the value of emitted power is not known reliably….”

*Kollmann, C., Vacariu, G., Schuhfried, O., Fialka - Moser, V., Bergmann, 
H., Variations in the output power and surface heating effects of transducers 

in therapeutic ultrasound, Archives of Physical Medicine & Rehabilitation,
7/2005, 86(7), 1318 - 24

Post-fight Analysis

2 If there are really no convincing evidence that 
support therapeutic ultrasound, why are we still 
embracing it?

– Traditions
– Clinician’s comfort
– Marketing
– Patient like it
– Relative cost
– Perception of being easier and safer
– Smaller unit

Post-fight Analysis

3. Is SWD really better than US?  If so, why aren’t we 
embracing it?

– Fear of burn, (mostly associated with capacitive and 
microwave type)

– Perceived long list of contraindications

– Fear of the energy-electromagnetic radiation!

– Larger unit, harder to transport

– Very expensive unit, ($10,000+)

– Paucity of creditable studies and treatment guideline
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