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Abstract 

Background: 
Ankle Sprain is a common problem in acute medical care and it is characterized by PAIN, 
intermitted swelling mechanical instability and stiffness. 
 
Study Objective:  
the purpose of this study was to evaluate the efficacy of PEMF (Pulsed Electromagnetic Field,  
CTU Medical Device - Periso sa) for the treatment of Edema, Range of Motion (ROM), and 

Pain in patients with ACUTE ANKLE INJURIES. 
 
Methods:  
patients aged 18 years and older with unilateral ankle sprains were randomly assigned either to 
a PEMF treatment study group or a control group. Independent outcome variables included 
EDEMA, RANGE OF MOTION (ROM),  and PAIN. Both groups received the current 
standard of care for ankle sprains and were instructed to return for a follow-up examination. 
Patients in the PEMF study group also received one session of treatment. 
 
Results:  
patients in the PEMF study group had a statistically significant (F = 5.92, P = 0.02) 
improvement in EDEMA and pain and a trend toward increased ROM immediately following 
intervention with PEMF. Although at follow-up both study groups demonstrated significant 
improvement, patients in the PEMF study group had a statistically significant improvement in 
ROM when compared with patients in the control group. 
 
Search strategy:  
databases used to identify studies for this clinical study include Medline, Embase and 
Cochrane. 
 
Conclusions:  
data clearly demonstrate that a single session of PEMF can have a significant effect in the 
management of acute ankle injuries. 
 
Keywords: 
ankle, sprain, injuries, acute trauma, PEMF, radiographic evidence, ankle x-rays. No language 
limit was applied. 
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INTRODUCTION 
Ankle sprain is an injury of the lateral ligament complex of the ankle joint. The injury is 
graded on the basis of severity. Grade 1 is a mild stretching of the ligament complex without 
joint instability; grade 2 is a partial rupture of the ligament complex with mild instability of 
the joint (such as isolated rupture of the anterior talofibular ligament); and grade 3 involves 
complete rupture of the ligament complex with instability of the joint. This gradation has 
limited practical consequences because both grade 2 and 3 injuries are treated similarly, and 
grade 1 injuries need no specific treatment after diagnosis. 
Ankle sprain is a common problem in acute medical care, occurring at a rate of about one 
injury per 10,000 people per day. Injuries of the lateral ligament complex of the ankle form a 
quarter of all sports injuries. The usual mechanism of injury is inversion and adduction 
(usually referred to as supination) of the plantar flexed foot. Predisposing factors are a history 
of ankle sprains, ligament hyperlaxity syndrome, and specific mal-alignment, such as crus 
varum and pes cavo-varus. Some sports (e.g., basketball, football/soccer, volleyball) are 
associated with a particularly high incidence of ankle injuries. Pain and intermittent swelling 
are the most frequent residual problems, often localized on the lateral side of the ankle. Other 
residual complaints include mechanical instability and stiffness. People with more extensive 
cartilage damage have a higher incidence of residual complaints. In the long term, the initial 
traumatic cartilage damage can lead to degenerative changes, especially if there is persistent or 
recurrent instability. Every further sprain has the potential to add new damage. The current 
standard of care for acute ankle sprains includes resting the ankle, cryotherapy, compression 
dressings, elevation of the affected ankle, analgesia (specifically, nonsteroidal anti-
inflammatory drugs [NSAIDs]), and early mobilization 
Despite this current practice, 25% to 40% of ankle sprains are associated with recurrent injury 
or prolonged disability. The primary objective of this study was to evaluate quantitatively the 
effect of PEMF on patients with acute ankle injuries. The specific aim of this study was to 
assess the immediate effects of a single session of PEMF, as well as determining what 
additional benefit patients may receive when PEMF is added to the current standard of care for 
acute ankle sprains. 
 

DEVICE DESCRIPTION 

PULSED LOW-FREQUENCY ELECTROMAGNETIC FIELDS: The pulsed low-frequency 
(< 50Hz; ⁓7Hz) electromagnetic fields (1b) belong to the class of non ionizing radiations, that 
is, they are characterized by an associated energy below 12 eV (electron-Volt). Such an energy 
is insufficient both to turn on ionization phenomena in molecules and to break even very weak 
chemical bonds. For this reason in the last decades these radiations have not been considered 
able to interact with biological systems and, as a consequence, the studies on this subject were 
scarce and information poor, especially when compared with the great amount of knowledge 
concerning the interactions among ionizing radiations and biological systems (2b). Only 
recently, due to the more and more common use of electromagnetic fields of different intensity 
and frequencies (3b), a vast research activity (4b-5b-6b-7b-8b-9b-10b-11b) has started, 
addresses to the definition of their main biological and therapeutic effects, on which are based 
the exposition thresholds currently recommended. 

DIAMAGNETISM: The diamagnetism works on hydrogen atoms. Indeed, when a hydrogen 
atom is covalently bound to a strongly electronegative atom, as for example the oxygen, the 
bond electrons tend to move toward the latter. As a consequence, the H atom assumes a partial 
but consistent positive charge. This charge, distributed in a small volume, lead to a high 
electric charge density. At this point, the hydrogen atom tends to bind with a partially 
negatively charged atom (the oxygen atom of a different water molecule) in this way acquiring 
a greater stability neutralizing its electric charge. 
A single water molecule does not feel any net force, since it is subject to the action of the 
surrounding molecules that are uniformly distributed in any direction of the three-dimensional 
space. The liquid water consists in a disordered network of molecules, bound together by 
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relatively weak chemical bonds. Such a network is continuously subject to fluctuations that 
randomly break and create new bonds among the molecules. Due to these characteristics the 
water does not have a proper dipole magnetic moment and it is repelled by an external 
magnetic field (diamagnetism). The PEMF - CTU PERISO sa (Fig. 1), is a device of 
molecular diamagnetic acceleration. It uses an energy of up to 200 Joule, generating high 
power (2 Tesla), pulsating fields and developing a water-repulsive force with the following 
main therapeutic aims: 

• liquids transport; 
• tissue biostimulation. 

Liquids transport: as a result of diamagnetic repulsion, the free water in the extracellular 
compartments is fiercely pushed away from the field application site. The transport of 
extracellular liquids helps the oedema and post-traumatic effusions reabsorption and the 
scoriae removal, and stimulate the lymphatic circulation and related phenomena also thanks to 
the vasodilatation draining action produced by the diathermia coupled with PEMF (CTU – 
PERISO sa). In addition, the magnetic field works on the intracellular liquids, increasing their 
mobility. The increase of the thermal molecular excitation supports the cells biochemical 
activity as well as the mitochondrial and phagic-lysosomal metabolic mechanisms. The result 
is a beneficial acceleration of all energetic, metabolic and cellular activities like ionic 
transport, scoriae removal and cellular breathing. 
Tissue biostimulation: a variable magnetic field crossing a conductor induces an electric 
current. The human body is a conductor, that when it is crossed by a magnetic field the 
phenomenon of biostimulation occurs. The action of magnetic fields is well described in terms 
of bioelectric parallelisms existing among cells (12b), since it acts on the difference of electric 
potential on the membrane sides as well as on the orientation af the circulating atoms that 
behave as elementary magnetic dipoles (13b, 14b). 
 

Fig. 1 
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SEARCH STRATEGY  
Medline, Embase, and the Cochrane Central Register of Controlled Trials (CENTRAL) were 
searched from the inception of each database to 18 January 2013 The Medline and Embase 
databases were searched together via www.embase.com 
The search was conducted using the keywords ankle, sprain, injuries, acute trauma, PEMF, 
radiographic evidence, ankle x-rays. No language limit was applied. 
List 1 Search Strategy used in www.embase.com (step by step): 
1 ‘ankle’ OR ‘tibia’/exp 
2 ‘sprain’ OR ‘sprain’/exp 
3 ‘injuries’ OR ‘injuries’/exp 
4 ‘ankle x-rays’ OR ‘ankle x-rays’/exp 
5 ‘fractures’ OR ‘fractures’/exp 
6 #1 OR #2 OR #3 OR #4 OR #5  
7  random: ab,ti  OR  factorial: ab,ti   OR   crossver: ab,ti OR placebo :ab,ti OR control :ab,ti 
OR trial:ab,ti OR group: ab,ti OR ‘crossover procedure’/exp OR ‘single blind procedure’/exp 
OR ‘double blind procedure’/exp OR ‘randomized controlled trial’/exp 
2 #3 #4 AND #5. 
 

MATERIALS AND METHODS 

This is a prospective, randomized, controlled, nonconsecutive clinical trial of adult patients 
presenting acute ankle injury. 
 

STUDY SELECTION CRITERIA 

TYPES OF STUDIES, PARTICIPANTS AND INTERVENTIONS INCLUDED 
Patients with an ED diagnosis of acute unilateral first or second degree ankle sprain by ED 
history, physical examination, and radiographic interpretation were considered for study 
inclusion. 
The ED presentation was maintained in our intention-to-treat analysis. After providing 
informed consent for participation in the study, patients were randomly assigned as subjects in 
either the PEMF study group or in the control group. 
The treatment commenced immediately after enrollment. 

• Group 1: patients treated with PEMF (Magnetic Field=2 Tesla; Intensity=90 J; 
frequency of impulses=7Hz; duration=30minutes/session).  
The Pulsed Electromagnetic Field was delivered through a coil centered over the 
injured ankle site. 

• Group 2: control group 
 

EXCLUSION CRITERIA 

Patients were excluded if they were younger than 18 years, had a positive ankle drawer test 
(indicating ankle instability and a third-degree sprain), had a chronic ankle injury on the 
contralateral side, or if they were drunk or otherwise had an altered mental status when 
presenting to the ED. If the official radiographic interpretation was significant for a fracture 
missed by the ED physician, the patient was removed from the follow-up analysis. Before 
performing the treatments with PEMF CTU Medical Device – PERISO sa, all the patients 
received a clinical evaluation to detect:   
• Unsuitable physiological states   
• Presence of ferromagnetic material within the areas of the body to be treated.  
Patients with Open Physis, terminal illnesses/malignancies, pregnancy or lack of contraception 
use in women of childbearing age, and use of pacemaker or any implanted electrical device 
were excluded, and ferromagnetic parts 
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BENEFIT/RISK 

No Risks, Dangers, Adverse Reactions have been associated with the use of the CTU Medical 
Device – PERISO sa, even outside the protocols used. The CTU Medical Device PERISO sa, 
respects all CLINICAL SAFETY Standards. 

TYPES OF OUTCOME MEASURES 

Patients in both groups were evaluated for Edema, Range of Motion (ROM),  and Pain. 
Edema was measured in centimeters as the maximal circumference about the medial and 
lateral malleoli and was compared with measurements taken of the uninjured ankle (i.e., delta 
circumference). Using a goniometer placed at the lateral malleolus with the approximate axis 
of motion at an imaginary line between the medial and lateral malleoli, investigators measured 
patients ROM as the degrees of motion from full, patient-active plantar flexion to dorsiflexion. 
Investigators compared these results with the same measurement in the uninjured ankle (i.e., 
delta range). Patients were then asked to quantify their pain using a 1 to 10 visual analog pain 
scale. 

 

METHODS  
Patients in both groups received the current standard of care for acute ankle sprains: RICE 
therapy (Rest, Ice, Compression, Elevate). Patients were advised to rest and ice the ankle for 
20-minute intervals.  
Patients’ injured ankles were then placed in a Jones compression dressing (i.e., alternating 
layers of elastic bandages and compression bandages) and they were instructed to elevate the 
ankle. 
Patients were also instructed on the safe and proper use of crutches. Each patient was further 
instructed to return in 5 to 7 days for a follow-up examination. 
At follow-up, a research assistant repeated the aforementioned measurements on the sprained 
and on the uninjured ankle.  
Patients were offered continued follow-up in the outpatient clinics. 
Once included in the study, the patient was blindly assigned into the PEMF treatment group 
(Group 1) or the control group (Group 2) according to randomly generated numbers. In Group 
1, the patients received a PEMF treatment commenced immediately after enrollment.  
Immediately following the treatment session, the sprained ankle was reevaluated for Edema, 
ROM, and Pain. 
 
STATISTIC ANALISY 

STATISTICAL METHODS 
This study used repeated observations of each patient in the PEMF study group and in the 
control group. Observations were made on both the injured ankle and on the uninjured ankle. 
In this study, several analyses were used: (1) a 2-way repeated analysis of variance (ANOVA) 
was used with each measure; (2) repeated measures analysis of covariance to determine 
whether use of the uninjured ankle as a covariate would improve the analysis; and (3) repeated 
measures ANOVA and the Student t test on the PEMF study group to assess the immediate 
effectiveness of the additional intervention (i.e., the PEMF session). 
Another way of adjusting for initial difference is to use percentages using the normal, 
uninjured ankle as the denominator.  
This procedure has been used in analogous studies. 
The covariance analyses were conducted with these percentages as well. 
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RESULTS 

A total of 55 patients were enrolled in this study: 28 in the PEMF study group and 27 in the 
control group. The mean age was 31 years, and 62% of participants were women. Table 1 
summarizes the demographic characteristics of the patient population for this study and 
outlines the means for each observation and outcome measure. There were no statistically 
significant differences between the delta ankle circumference (as a measure to evaluate 
Edema), mean ROM, or the patients’ subjective evaluations of their levels of pain at the 
baseline measure. 
Results of a single session of PEMF provided in an ED are presented in Tables 1 through 3. 
To assess the effectiveness of PEMF in this setting, Student t tests were conducted on the 
means of each measure between the initial sprain and after PEMF was provided (Table 2) and 
subsequently at 1-week follow- up (Table 3). 
The repeated ANOVA for each of the measures yielded a significant within-subjects effect, 
indicating that one PEMF intervention session was effective with respect to reducing edema 
and pain. Although there was a trend in improved PEMF (11 degrees), this finding was not 
statistically significant. Similar results were found in the analyses of the percentages, except 
that a significant interaction was found for ROM (F = 5.92, P = 0.02). Analyses run with the 
uninjured ankle as a covariate did not change these findings. Seventy-three percent of the 
patients enrolled returned for follow-up evaluation. The 15 patients lost to follow-up did not 
differ with regard to baseline characteristics. All patients had a statistically significant 
improvement in all three outcome measures at follow-up. Comparison of the two study groups 
at follow-up revealed a statistically significant improvement in ROM in the group that 
received PEMF in addition to the current standard of care for acute ankle sprains. 
 

Table 1 

Characteristics of Study Subjects and Baseline Outcome Variables, N = 55* 

 
Characteristic 

Treatment, No. (%) 

(n = 28) 

Control, No. (%) 

(n = 27) 

 
P 

 Age, y 29.9 ± 9.8 32.8 ± 13.3 

 Sex 
# Male 11 (39) 10 (37) 
# Female 17 (61) 17 (63) 

 Race or ethnicity 
# Caucasoid 28 (100) 27 (100) 

 
Baseline Outcome Variable 
 Edema (cm) 26.95 ± 2.5 26.83 ± 1.8 —— 
# Delta circumference: 

       injured-contralateral (degrees)         2.07 ± 1.3          1.67 ± 0.8       0.15 

 Range of motion (degrees) 28.21 ± 19.9 22.41 ± 13.3 —— 
# Delta range: 

      injured-contralateral (degrees)      -31.24 ± 12.4       - 28.85 ± 16.1        0.54 

 Pain scale (1 to 10)‡                 6.50 ± 2 7.25 ± 2.5                0.22 
 
 

* All values are expressed as mean ± SD for continuous variables. 

 

‡ Patients were asked to quantify their pain using a 1 to 10 visual analog pain scale. 
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DISCUSSION  

An ankle sprain is a traumatic, ligamentous injury at the level of the ankle mortise. Three 
levels of ankle sprain severity are commonly described. Multiple studies have confirmed that 
the majority of ankle sprains occur from a foot inversion mechanism, with as many as 85% of 
inversion injuries causing isolated anterior talofibular ligament tears. The second most 
commonly affected structure is the calcaneofibular ligament at the fibular origin most often an 
accompanying injury to an anterior talofibular ligament sprain. The traumatic vector of force 
occurs with ankle inversion, internal rotation, and plantar flexion of the foot relative to the leg. 
This force exceeds the ROM of the lateral ligaments and results in injury to them. For 
clinicians treating patients with such injuries, two general treatment goals exist: the restoration 
of functional anatomy and a decrease in Edema. When these goals are accomplished, an 
increased ROM and patient comfort will follow. Additionally, restoring functional anatomy 
will allow for easier drainage of excess fluids, or Edema. It is important to reduce the 
accumulation of fluids surrounding the injury because fluid around the joint increases pain. 
Obviously, the more pain a patient has, the less likely he or she is to attempt mobilization. 
Also, tissue swelling increases the likelihood of adhesions that can delay healing and decrease 
ROM. Simko et al state that the recovery rate for ankle function following an inversion sprain 
may be related to the effectiveness of edema control at the injury site. Fluids must be 
mobilized back into the lymphatic system for optimal healing to occur. Our results imply that 
there is both an immediate advantage and a delayed benefit to adding PEMF in the acute care 
setting of ankle injuries. After a brief PEMF session in the ED, patients will have a significant 
reduction in swelling and, consequently a reduction in their level of pain. Patients who receive 
PEMF as an adjunct to traditional pain management will have greater ROM. 
In addition, other studies involving PEMF have used sham treatments. Our study design did 
not include such a placebo control. In the design phase of the trial, we decided that the PEMF 
session would be tested against what is currently practiced in the ED.  
Finally, we report preliminary data regarding the immediate and short-term impact of PEMF 
in ED patients with acute ankle injury.  

 
CONCLUSION 
The results of our study indicate statistically significant reductions in edema and pain and a 
trend toward increased ROM immediately following one PEMF intervention session. 

 
Table 2 

PEMF: Outcome Measures Before and After One Session in Emergency Department, 

N = 28* 

Variable Before Treatment After Treatment P 

 Edema (cm) 26.95 ± 2.5 24.79 ± 1.2 ——— 
# Delta circumference:  

injured-contra lateral (cm) 2.57  ± 1.3 0.81 ± 1.0 <0.001 

 Range of motion (degrees) 28.21 ± 19.9 43.23 ± 10.3 ——— 
# Delta range:  

injured-contra lateral (degrees)    -31.24 ± 12.4 -16.22 ± 27.7 0.08 

 Pain scale (1 to 10)† 6.50 ± 2 2.1 ± 1.7 <0.001 

 
* All values are expressed as mean ± SD for continuous variables. 

 

† Patients were asked to quantify their pain using a 1 to 10 visual analog pain scale.  
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Although both groups had significant improvement at follow-up, the PEMF study group had a 
statistically significant improvement in ROM when compared with the control group. The 
efficacy of PEMF has been demonstrated in multiple settings. Our data clearly demonstrate 
that a single session of PEMF in the ED can have a significant effect on the management of 
acute ankle injuries. Future research should include the investigation of the role of PEMF as 
provided in the ED in long-term outcome measures, including prevention of recurrent injury 
and long- term disability. 
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