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Use of Pulsed Shortwave Diathermy and
Joint Mobilization to Increase Ankle Range
of Motion in the Presence of Surgical
Implanted Metal: A Case Series

Cindy Seiger, PT, MS'
David O. Draper, EdD, ATC,L>

Study Design: Case series.

Background: Traditionally, all forms of diathermy have been contraindicated over metal implants.
There is a lack of research-based evidence for harm regarding the use of pulsed shortwave
diathermy (PSWD) over orthopaedic metal implants. Because PSWD is an effective modality for
deep heating, we investigated whether ankle range of motion (ROM) could improve with the
cautious use of PSWD and joint mobilizations, despite orthopaedic metal implants being in the
treatment field.

Case Descriptions: Four subjects presented with decreased ankle ROM due to extensive fractures
from traumatic injuries. All subjects were postsurgical, with several internal fixation devices.
Subjects previously received rehabilitation therapy involving joint mobilizations, therapeutic
exercises, moist heat, and ice, but continued to lack 15° to 23° of ankle dorsiflexion. The Human
Subjects Review Board of Brigham Young University approved the methods of this case series.
Subjects gave written informed consent. Initial dorsiflexion active ROM for each patient was -3°,
0°, 8°, and 5°, respectively. Treatment regime consisted of PSWD to the ankle for 20 minutes at
27.12 MHz, 800 pps, 400 microseconds (48 W). Immediately after PSWD, mobilizations were
administered to the joints of the ankle and foot. Ice was applied posttreatment.

Outcomes: Dorsiflexion improved 15°, 15°, 10°, and 14°, respectively, after 8 or 13 visits. All
patients returned to normal activities with functional ROM in all planes. Follow-up 4 to 6 weeks
later indicated that the subjects maintained 78% to 100% of their dorsiflexion. No discomfort,
pain, or burning was reported during or after treatment. No negative effects were reported during
the short-term follow-up.

Discussion: When applied with appropriate caution, we propose PSWD (48 W) may be an
appropriate adjunct to joint mobilizations to increase ROM in peripheral joints, despite implanted
metal. We continue to advise caution when applying diathermy with machines other than the
Megapulse II. Further research is needed to determine the safety parameters of other diathermy
machines. As a final caution, we advise that diathermy not be used in the presence of a cardiac
pacemaker or neurostimulator. J Orthop Sports Phys Ther 2006,36(9):669-677. doi:10.2519/
j0spt.2006.2198
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he use of heat to treat
injury and disease has
been historically docu-
mented. Traditionally,
heat has been applied
in the form of heated air or water.
Heat decreases muscle spasm and
pain, along with increasing blood
flow and collagen extensibility.*
In rehabilitation the most com-
mon form of heat application is a
moist heat pack. Other forms of
heat used in rehabilitation include
paraffin wax, heated whirlpool,
ultrasound, and diathermy.5‘1°’11’15'
35,39,43,47,51
Diathermy has been used to ap-
ply heat for treatment of different
types of injuries, including chronic
pelvic inflammation,® adhesive
capsulitis,18 low back pain,52
myofascial trigger points,***®
osteoarthritis,'® and ankle and foot
sprains.”® Diathermy has also been
used in postsurgical ankle rehabili-
tation.** Preliminary research has
indicated that pulsed shortwave
diathermy (PSWD) (48 W) heats
deep tissue (depth, 3-5 cm) to
approximately a 4°C temperature
10 According to
Lehmann,”” a temperature
crease of 4°C is necessary to in-
crease collagen extensibility and
inhibit sympathetic activity.

increase.
in-
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Current practice recommendations indicate
diathermy should not be applied over joints with
metal implants because of the possibility of causing
tissue damage.?***17%° This recommendation of
contraindication appears to be based on ‘“‘common
sense” and consensus rather than evidence-based
practice because of the effect on the metal in
pacemakers and neurostimulators,*”>

There is a lack of research on the effects or safety
of PSWD in the presence of orthopedic metal im-
plants. Early work indicated that the use of shortwave
fields do not heat metal within phantom loads
simulating human tissue except when the metal acted
as a shunt for a “pathway of low resistance” when
compared to the surrounding tissue.'>*> This path-
way decreased the resistance and created an area for
the electromagnetic field to concentrate. The metal
only acted as a pathway when a rod-shaped metal
implant was placed directly perpendicular to the field
or a thin metal wire was in the field. The longer the
shunt the more concentrated the field became and
the greater the risk of burns increased.'** The
heating in this situation occurred at the ends of the
metal and not along the entire metal piece. It was
concluded that shortwave diathermy could safely be
applied in the presence of metal as long as radio-
graphic images were available to enable the
diathermy to be aligned in a way that was not
perpendicular to the main axis of the metal im-
plant.'**

Since its discovery, diathermy has been recognized
as an alternative to infrared energy for heating deep
tissue.**% There are 2 types of diathermy: microwave
and shortwave. Shortwave diathermy has become
more predominate due to the higher risk of injury
when using microwave radiation. The more com-
monly used moist heat packs effectively heat to a
depth of only 1 cm below the skin surface,” whereas
PSWD has been shown to produce a 4°C temperature
increase at a depth of 3 to 5 cm.”'%% Ultrasound is
also used to heat to a depth of 3 to 5 cm, but the
treatment area is small (3-10 cm?), while the
diathermy treatment area is much larger (150-200
cm?).'* Thus, diathermy is advantageous for larger
treatment areas. Diathermy may also be applied over
a thin layer of clothing, while ultrasound requires the
use of a coupling gel directly in contact with the
skin.'*

In conjunction with heat, joint mobilizations are
used to increase collagen extensibility and improve
joint physiologic and accessory movements,'”!%20-5
Research indicates that joint mobilizations improve
range of motion (ROM) when joint stiffness is
present.'”?® For patient comfort and to minimize
posttreatment soreness, it is valuable to increase the
temperature of the area to be mobilized.*

Both authors have used PSWD in clinical situations
to apply deep heat to joints with decreased ROM
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after an immobilization period. PSWD was chosen for
these patients because of the size of the area to be
heated and the depth of the targeted tissues. This
application, in conjunction with joint mobilizations,
has been an effective treatment regimen for these
patients. Because of the anecdotal results that oc-
curred in patients without metal implants, we investi-
gated whether ankle ROM would improve with the
cautious use of deep heat (PSWD) and joint mobiliza-
tions despite orthopedic metal implants being in the
treatment field. The purpose of this case series is to
describe the treatment protocol used in 4 patients
with metal implants due to an open reduction and
internal fixation (ORIF) surgery after traumatic in-
jury. The difference with this protocol from other
protocols is the addition of PSWD prior to joint
mobilizations.

CASE DESCRIPTIONS

History

A summary of each patient history is presented in
Table 1. All patients were referred separately to this
research institution by associates of the patients who
had knowledge of the research being conducted. All
inquired of and attended the research institution due
to significantly decreased ROM in 1 ankle joint,
which limited daily and recreational activities. Pa-
tients were excluded if they had a compromised
peripheral vascular system, decreased sensation in the
affected area, pregnancy, or implanted pacemaker or
neurostimulator. The Brigham Young University Hu-
man Subjects Review Board approved the methods
used for this case series and all patients signed an
informed consent form. This consent form included
a warning about the possibility of burns due to
excessive heating. Each patient presented copies of
their most recent radiographs to ensure that the
diathermy field would not be applied perpendicular
to the long axis of the metal implant.

The patients (3 female, 1 male) ranged in age
from 22 to 48 years. All patients sustained their
injuries from traumatic accidents. All received surgery
to internally fixate the bones of the talocrural joint.
We obtained radiographic images for all of the
patients to determine the placement of the metal
implants (Figurel).

Patient 1 sustained a Pilon fracture with talar
dislocation during a motor vehicle accident. Because
of the severity of the injury, patient 1 was advised by
the surgeon that an amputation might be required
due to a sustained decreased arterial blood supply to
the foot. Patient 1 refused amputation but, instead,
opted for surgery receiving a total of 18 metal
implants. During the surgery, the arterial and venous
vascular network was repaired and the patient had no
further vascular complications.
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TABLE 1. Patient history.

Patient 1 Patient 2 Patient 3 Patient 4

Age (y) 48 39 37 22

Sex Female Female Female Male

Affected ankle Left Right Left Right

Mechanism of injury Auto accident Auto accident Fall due to obstacle Sporting accident

Time since injury 4 mo 18y 2y 7 mo

Type of injury Pilon fracture with talar  Fractured talus Fractured medial mal- Fractured tibia, dislocated
dislocation leolus talus

Type of internal fixation 18 pieces including 2 1 screw, 1 pin 2 screws 1 plate, 2 permanent
plates and 16 screws screws, 2 biodegradable

SCrews
Previous physical therapy* Yes Yes Yes Yes

* Physical therapy included moist heat/ice pack, ultrasound, joint mobilizations, stretching, therapeutic exercises for strength and range of motion,

and balance re-education.

Patient 2 was involved in a motor vehicle accident
fracturing her talar trochlea and lateral malleolus.
During surgery, patient 2 had the uppermost portion
of her talar dome removed due to the fracture site
and had 1 screw implanted. Patient 3 fractured the
left medial malleolus due to a sudden eversion of the
foot when stepping into a hole in the ground while
walking around a campground at night. Surgery
repaired the fracture with the implantation of 2
screws. Patient 4 dislocated the talus and fractured
the tibia when hit during a rugby match with his foot
planted on the ground. His fractures were repaired
with 1 plate and 2 screws.

Each patient had attended physical therapy after
surgery. During their physical therapy sessions, each
received moist heat/cold packs, hot whirlpool,
ultrasound to the scar site, passive and active stretch-
ing, joint mobilizations, therapeutic exercises for
strengthening and ROM, and balance re-education.
While the therapeutic exercises and balance re-
education were slightly different for each patient, all
received the moist heat/cold packs, hot whirlpool,
ultrasound, stretching, and joint mobilizations. It is
unclear which joint mobilizations were applied to
each patient or the skill of the therapist who applied
the mobilizations. All patients were told by their
orthopedic surgeons that no further gains would
occur in their ankle ROM.

Examination

All patients presented to the facility with altered
gait and patient 1 was unable to heel strike during
gait. Upon testing, all demonstrated decreased ankle
ROM and muscle strength, altered single-leg balance,
tenderness to palpation, and occasional joint pain.
None of the patients demonstrated edema on palpa-
tion or visual inspection of the ankle or foot.

The movements measured were dorsiflexion and
plantar flexion of the talocrural joint and inversion/
adduction and eversion/abduction of the subtalar

and forefoot regions. Active range of motion
(AROM) was tested in the non-weight-bearing posi-
tion of long sitting. In this position, neutral was
considered to be when the foot was at a 90° angle to
the tibia. In this position, we considered normal
dorsiflexion AROM to be 15° to 20°, plantar flexion
40° to 50°, inversion/adduction 30° to 35°, and
eversion/abduction 20° to 30° from neutral.??84°
During the initial examination, the patients lacked
15° to 23° of dorsiflexion.

The same therapist obtained all AROM measure-
ments using a 10.16-cm, plastic, 360° universal
goniometer (scale marked in 1° incre-
ments). > >?%*25% The bony landmarks used for
dorsiflexion and plantar flexion measurement were
the lateral midlines of the fibula and the fifth
metatarsal. The bony landmarks used for inversion/
adduction and eversion/abduction measurement
were the tibial crest, anterior midline of the
talocrural joint, and the anterior midline of the
second metatarsal. These landmarks were standard-
ized for each patient to ensure reliability and validity
of the measurement.'”” The same goniometer was

FIGURE 1. Radiographs of the ankle of patient 1 showing 18 metal
implants.
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used for all measurements to limit error due to
differences between goniometers. However, no mask-
ing of the goniometer was used during the measure-
ments.

Despite the limitations and inherent errors in using
a goniometer for measurement, we considered a
deficit of greater than 5°, compared to the unaffected
ankle AROM, to be a clinically meaningful limitation
and a gain of 5° after treatment to be a meaningful
improvement. Five degrees of change was chosen as
the lower limit because of the inherent errors in the
ROM measurements” and the total AROM available
in each plane of movement.

Manual muscle testing (MMT) was performed in
the long-sitting position. It was graded on a 5-point
scale.”’ We observed weakness in all planes of the
injured ankles for all of the patients when compared
to the uninjured extremities (Table 2).

Intervention

A treatment protocol of PSWD, followed by joint
mobilizations and concluding with a crushed-ice
pack, was initiated after the initial examination.
During each treatment session, AROM was obtained
prior to the PSWD and after the joint mobilizations,
but before ice pack application. Subjects were in-
structed not to begin additional home exercise pro-
grams other than those in which they were
participating at the time of the start of the interven-
tion. They were instructed not to begin any new
exercises/activities or change or discontinue any
current exercises/activities.

The PSWD (Megapulse II; Accelerated Care Plus,
Reno, NV) was applied to the anteromedial and
anterolateral talocrural joint line for 20 minutes at a
delta-T setting of 4 (27.12 MHz; 400 microseconds;
800 pps; 48 W). Because diathermy was applied at the
site of the metal implants, all patients were asked
prior to the application of the PSWD to inform the
therapist of any sensations during the diathermy
session. They were also asked during the PSWD
application to describe how their ankle felt and if
they could feel any heat or other “unusual” sensa-
tion. None of the patients stated they felt pain or
burning sensations, but all felt a mild vibration
sensation. This mild vibration sensation diminished
after the first 2 to 3 minutes and only occurred
during 1 or 2 of the treatment sessions. Upon the
completion of each 20-minute diathermy session, the
therapist noted the ankle was warm to the touch.

Each application of PSWD was immediately fol-
lowed by joint mobilizations to the ankle and foot
joints for a total of 6 to 10 minutes. The total amount
of joint mobilizations applied depended upon each
patient’s tolerance. The joint mobilizations used in-
cluded Maitland grades III and IV and static glide
techniques.’>* To improve dorsiflexion and plantar
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flexion, sustained posterior and anterior glides (grade
IV) with distraction were applied at the end of the
physiologic range for each patient. Grade III and IV
oscillatory mobilizations were applied to the other
joints of the foot. Each sustained or oscillatory
mobilization was performed for a minimum of 30
seconds with 3 repetitions. Because of the decreased
talar dome of the right talus for patient 2, plantar
flexion was not emphasized during joint mobilizations
due to the possibility of increasing ankle instability. A
crushed-ice pack was applied for 10 to 15 minutes
following the postmeasurements. The intervention
was applied 2 to 3 times per week for 3 weeks, then 1
to 2 times per week for 2 weeks.

Patient 1 received a total of 13 treatment sessions
while the other patients received a total of 8 sessions.
Final AROM measurements were obtained at the end
of the 8th or 13th treatment session (Table 2).
Patient 1 received 13 treatments for 2 reasons: the
substantial loss of AROM that was present on the
initial examination, and the improvement that took
place over the course of the 8 initial treatment
sessions. So, the patient agreed to see if her AROM
would continue to improve over the course of an
additional 5 treatment sessions.

Follow-up measurements were obtained within 1 to
3 months of the final treatment session. During this
follow-up, patient 1 maintained 100%, patient 2
maintained 87%, patient 3 maintained 78%, and
patient 4 maintained 79% of the AROM they
achieved by their final session. A second follow-up
was conducted approximately 1 year after the final
session via telephone. At this time, we were only able
to contact 3 of the 4 subjects. Patient 4 had moved
and we were unable to determine his new contact
information. During this follow-up, the 3 available
patients stated that they felt they had maintained
their AROM and continued to participate in their
usual activities without difficulty. None of the patients
stated that they had noticed any adverse effects after
the cessation of the treatment.

Approximately 5 months following the last treat-
ment session, patient 1 underwent surgery to remove
all of the metal implants but did not receive any
follow-up physical therapy. After the metal was re-
moved, the surgeon stated that he was unable to
detect any damage to the metal, nor was there
damage to the surrounding tissue from the heating
process. Patient 1 returned 3 months after the metal
implants were removed for additional PSWD and
joint mobilization treatments. Upon AROM measure-
ments, it was noted there was a significant decrease in
dorsiflexion. This may have occurred because the
patient was placed in a fixed walking boot for 6 weeks
after the removal surgery. The AROM measurements
at this time were 7° dorsiflexion, 40° plantar flexion,
28° eversion/abduction, and 30° inversion/
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TABLE 2. Active range of motion measurements at initial, discharge, and follow-up.

Initial Discharge Follow-up (1 mo)
Patient 1
AROM: DF -3° 12° 12°
AROM: PF 26° 50° 44°
AROM: Abd 8° 40° 32°
AROM: Add 9° 36° 30°

Tenderness to palpation
MMT
Accessory movement

Patient 2

AROM: DF

AROM: PF

AROM: Abd

AROM: Add
Tenderness to palpation
MMT

Accessory movement

Patient 3

AROM: DF

AROM: PF

AROM: Abd

AROM: Add
Tenderness to palpation
MMT

At scar site: moderate

4/5 DF, PF, Abd, Add

Moderate hypomobile all ankle
and foot joints

OO
55°
90
14°
At scar site: minimum
5-/5 DF, PF; 4-/5 Abd, Add
Moderate hypermobile
talocrural plantar flexion;
moderate hypomobile all
other foot and ankle joints

80

38°

24°

35°
At scar site: minimum
4/5 DF, PF, Abd, Add
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Accessory movement Moderate hypomobile all ankle

and foot joints

Patient 4*
AROM: DF 5°
AROM: PF 35°
AROM: Abd 18°
AROM: Add 38°

Tenderness to palpation At scar site and along extensor
hallucis longus insertion mod-
erate

5/5 DF, PF, Abd, Add; 2/5 ex-
tension of first toe

Moderate hypomobile all ankle

and foot joints

MMT

Accessory movement

At scar site: minimum
5-/5 DF, PF, Abd, Add
Minimal talocrural hypomobility

15° 13°
60° 55°
30° 39°
38° 20°

At scar site: minimum
5/5 DF, PF, Abd, Add
Hypermobile talocrural plantar

flexion
18° 14°
60° 50°
30° 30°
45° 40°

At scar site: minimum
5/5 DF, PF, Abd, Add
Minimal talocrural hypomobility

19° 15°
58° 55°
35° 28°
44° 38°

Extensor hallucis longus inser-
tion moderate

5/5 DF, PF, Abd, Add; 3/5 ex-
tension of first toe

Hypomobile first MTP and IP
joints

Abbreviations: Abd, eversion/abduction; Add, inversion/adduction; AROM, active range of motion; DF, dorsiflexion; IP, interphalangeal; MMT,

manual muscle test; MTP, metatarsophalangeal; PF, plantar flexion.

* Patient 4 sprained injured ankle 1 week prior to follow-up measurements.

adduction. A total of 4 treatment sessions (2 times
per week for 2 weeks) with the same treatment
protocol were given at this time.

Outcomes

At the end of the 8 or 13 sessions, all patients
achieved AROM to within 5° of the unaffected ankle
measurements (Table 2). Overall, dorsiflexion im-
proved 15°, 15°, 10°, and 14°, and plantar flexion
improved 24°, 5°, 22°, 23°, respectively (Figure 2A-B).
Inversion/adduction and eversion/abduction also
showed similar improvements (Figure 2C-D). During
the follow-up AROM measurements 1 to 3 months
later, subjects maintained dorsiflexion to within 75%
of their final measurements.

Because of the severity of the injury and the
substantial loss of dorsiflexion, patient 1 was treated
for a total of 13 visits. At the end of the initial 8
treatment sessions, patient 1 had obtained 10°
dorsiflexion, 41° plantar flexion, 27° inversion/
adduction, and 31° eversion/abduction. After the
additional 5 treatment sessions, patient 1 achieved
12° dorsiflexion, 50° plantar flexion, 36° inversion/
adduction, and 40° eversion/abduction (Table 2).
After the metal implants were removed, patient 1
achieved 15° dorsiflexion, 50° plantar flexion, 31°
inversion/adduction, and 33° eversion/abduction.
The inversion/adduction and eversion/abduction
motions did not return to the AROM that was
obtained after the 13 original sessions.
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FIGURE 2. Initial and final active range of motion (AROM) in degrees for each of the 4 patients.

DISCUSSION

The most dramatic change in AROM occurred in
dorsiflexion for patient 1, with an improvement of
18° over the 13 initial and 4 follow-up treatment
sessions. All patients returned to normal activities
with equivalent bilateral dorsiflexion, plantar flexion,
inversion/adduction, and eversion/abduction. Sub-
jects also stated they had returned to their previous
daily and recreational activities, including sports,
hiking, and running. They demonstrated an overall
improvement in gait and balance after their AROM
increased.

Fractures of the ankle joint have high complication
rates including posttraumatic arthritis and
osteonecrosis of the talar neck in association with
joint stiffness, pain, and loss of function.* We suspect
that all of these patients will have the long-term effect
of posttraumatic arthritis but, at the time of this
study, none of the patients presented with
osteonecrosis of the talus.

The length of time since the injury for patient 2
(18 years) and patient 3 (2 years) was of concern
because of the damage to the cartilage of the joints
and possible adhesions of the nearby tendon sheaths
and affected joint capsules.”> We were concerned that
mature scar tissue could affect the outcomes of
patients 2 and 3. The resulting increase in AROM
suggests that the greater elapsed time did not have a
major effect on the outcomes. Patients 1 and 4
presented for treatment less than a year from their
initial injury; thus, their scar tissue had not fully
matured and we were not as concerned about adhe-
sions and contractures.

Using PSWD produces heat similar to using a
continuous setting.'**>*° It was thought that PSWD
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only produced athermal effects on tissues, but re-
search has determined that higher levels of pulse
repetition rate, pulse duration, and pulse power can
increase both tissue temperature and the thermal
sensation.” Because of the generation of heat, the
vascular system increases the blood flow to the area
to regulate tissue temperature."'®*' The greater
amounts of heat cause a larger vascular response,
which in turn tends to prevent tissue damage."'®*!
Traditionally, all  diathermy  has
contraindicated over areas with metal implants,
acute injury,?” active inflammatory disease,*’ ischemic
or anesthetic areas,”” over eyes and gonads,"” preg-
nancy (for the patient or therapist),>?”*"*7 malig-
nant tissue,47 and on a patient with an implanted
pacemaker, neurostimulator, or defibrillator.®"47°% A
literature search for the effects of shortwave
diathermy over orthopedic metal was conducted. This
literature search indicated that any form of metal
implant is generally contraindicated for shortwave
diathermy.22 However, there was no research evidence
to indicate whether the use of PSWD over orthopedic
metal was safe or not. According to Shields et al,*’
the contraindication of diathermy over metal appears
to be based on a “common sense’ approach and
they have suggested that future research should
address the lack of information on the use of PSWD
in the presence of metal implants. This issue of safety
was also discussed with several ”experts” in the field
of electrotherapy. The consensus was that there is a
lack of research on how PSWD affects orthopedic
metal implants. There continues to be an agreement
that any form of diathermy should not be used in the
presence of pacemakers or neurostimulators.
However, a preliminary investigation by one of the
authors has indicated that a low-watt PSWD applica-

been
31,43,47
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tion did not increase the temperature of the metal or
the tissues around the metal to a level that would
produce injury.® This preliminary investigation®
ported a 25° improvement in elbow extension in 1
patient after 6 sessions of PSWD and joint mobiliza-
tions. Of particular interest was the fact that surgical
removal of the implants 4 weeks following the inter-
vention indicated no apparent adverse effect of
PSWD according to the surgeon’s observations. An-
other investigation indicates that the tissue within the
PSWD thermal field increases up to approximately
40°C.'"* This tissue temperature increase is below the
45°C level that can result in damage to collagen and
protein structures.**

Mobilizations of the ankle and foot joints were
used because of their effectiveness in improving
AROM.?>*" Passive stretching was not performed
because it does not improve ankle ROM after an
ankle fracture with immobilization or maintain
muscle length.>** Joint mobilizations were per-
formed immediately following the application of the
PSWD. This is because the heat dissipates rapidly due
to the thermal conduction away from the site from
the vascular system.'*>* It has been determined
that the temperature rise in skeletal muscle due to
PSWD decreases rapidly within the first 10 minutes
after the diathermy application is completed.'’

For these 4 individuals, we applied diathermy using
the Megapulse II diathermy machine. It uses an
induction method to transfer the electromagnetic
energy to the tissues. Because we only used the
Megapulse II machine, we cannot generalize our
results to other diathermy machines because other
machines have different specific absorption rates and
heat the subcutaneous fat and muscle differently.
These different absorption rates are due to the wave
frequency used, the overall output, and the differ-
ences in electromagnetic shielding of the machine to
directionally focus the wave field.*®

The PSWD in these cases was applied to the
anteromedial and anterolateral talocrural joint line
for 20 minutes at a delta-T setting of 4 (27.12 MHz,
400 microseconds; 800 pps). These parameters gener-
ate a total energy amount of 48 W. Because we used
these specific parameter settings, we cannot general-
ize our findings to other parameters that may be used
in other machines. Further research on the specific
parameters for other diathermy machines needs to be
completed.

Limitations of this case series include lack of a
blinding of the goniometric measurements, a lack of
blinding of the subjects to their treatment condition,
the effect of the relative skill of the therapist with
application of joint mobilizations, and a lack of
control group to determine cause and effect.

The patients included in this case series were
referred to this institution because of a long-term,
significant decrease in active and passive ankle ROM

re-
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that was present after rehabilitation. To determine
the full implications of this case series, additional
research is needed to determine the effectiveness of
this protocol using a greater number of subjects
involved in a randomized experiment with a control
group with outcome measures including ROM, pain,
edema, and function. Further research methods need
to include a blinding of the therapist to experiment
group and of the goniometric measurements.

Research on the safety of this protocol also needs
to be completed. This future research needs to focus
on the temperature rises in the different types of
metal implants that are used in orthopedic surgery. It
is unclear whether plates will heat differently from
screws and pins or how the different types of metal
used will be affected. Additional research should
examine how the tissue around the metal implants is
affected.

Because additional research needs to be com-
pleted, we would advise caution when applying PSWD
over orthopedic metal implants in the peripheral
joints. We advise against using PSWD in patients with
compromised peripheral vascular system or altered
sensation. PSWD should only be applied over patients
with normal sensation in the area being treated, due
to the thermal effect that is generated, to allow the
patient to feel if heating is excessive. A final caution:
we continue to advise that diathermy be
contraindicated in the presence of cardiac pacemak-
ers and neurostimulators.
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