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a b s t r a c t
iNtroductioN: fractures are common bone injuries, which have a great burden on global health. fracture healing is a long-term process 
that may be influenced by a number of factors. The 10-15% of all bone fractures may be complicated by an impaired healing (i.e. delayed union 
or non-union). The application of weak electromagnetic fields has been proposed to have different effects on bones such as enhancing prolifera-
tion – orientation – migration of osteoblast-like cells and supporting osteogenic differentiation in bone marrow-derived mesenchymal stem cells. 
Despite the amount of evidence on cellular and histological effects, to date the application of pulsed electromagnetic fields has not achieved 
univocal consensus in daily practice. the purpose of this systematic review update is to research, select, analyze and summarize the most recent 
scientific evidence regarding the effects of pulsed electromagnetic fields in the treatment of acute bone fractures.
EVidENcE acQuisitioN: a systematic review using the following Mesh terms (Magnetic field therapy; Electromagnetic fields; bone 
and bones; fractures, bone; fractures healing) and strings {(“Magnetic field therapy [mh]” or “Electromagnetic fields [mh]) or “mag-
netotherapy” OR “pulsed electromagnetic field”) and (“Fractures, bone [mh]” OR “Bone and Bones [mh]”) and (“Fractures Healing [mh]”)} 
was conducted on pubMed, cochrane library, Epistemonikos and scopus electronic databases. only full articles published in English between 
January 2014 and December 2022 were considered. Eligibility criteria were defined according to the Population, Intervention, Comparison, 
outcomes, and study (picos) design framework. case reports, case series, uncontrolled studies and expert opinions were excluded. all articles 
were checked for quality and risk of bias.
EVIDENCE SYNTHESIS: Three randomized controlled trials were included (197 patients in total). None of the studies found significant effects 
of pulsed electromagnetic fields on the acute bone healing process. Contradictory results about pain relief emerged. Only one study showed a 
transitory positive effect of pulsed electromagnetic fields on strength and range of motion recovery in patients with acute bone fracture.
CONCLUSIONS: This systematic review update does not support the use of pulsed electromagnetic fields for improving the bone healing pro-
cess in patients with acute fractures. Controversial evidence was found about the effects of pulsed electromagnetic fields on pain and functional 
recovery. considering the scant and heterogenous literature published to date, which represents a limit for our conclusion, further studies with 
rigorous and high-quality methodology are needed.
(Cite this article as: picelli a, di censo r, tomasello s, scaturro d, letizia Mauro G, smania N, et al.; physical Modalities section of the italian 
Society of Physical and Rehabilitation Medicine. Effects of pulsed electromagnetic fields on bone fractures: a systematic review update. Eur J Phys 
rehabil Med 2024;60:989-94. doi: 10.23736/s1973-9087.24.08226-1)
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despite the amount of evidence on the cellular and his-
tological effects of electromagnetic fields on the bone tis-
sue and the wide use of this treatment in clinical practice, 
it is currently being debated if magnetotherapy could be a 
useful tool to enhance the healing process after acute frac-
tures according to the results of a previous systematic re-
view.10 probably, this is mainly due to the presence of few 
studies on this topic with high heterogenicity. therefore, 
the purpose of this systematic review update is to analyze 
the most recent scientific evidence regarding the effects of 
pulsed electromagnetic fields (which is the most common 
form of magnetotherapy used for bone growth stimulation 
in clinics) for the treatment of acute fractures.10

Evidence acquisition

this systematic review update was written according to 
the preferred reporting items for systematic reviews 
and Meta-analyses (prisMa) statement.11 furthermore, 
it was recorded on the open science framework (osf) 
registry (https://osf.io/m2bea).

Eligibility criteria

Eligibility criteria were defined according to the Popula-
tion, intervention, comparison, outcomes, and study (pi-
cos) design framework as follows:12

• population: adults (≥18 years old) with diagnosis of 
acute bone fracture documented by radiological examina-
tion. No restrictions were applied as to the type or site of 
fracture. only studies on humans were included. in vitro 
and animal studies were excluded;

• intervention: treatment with pulsed electromagnetic 
fields (alone or associated with standard treatment).

• comparison: placebo alone or associated with stan-
dard treatment.

• outcome: primary outcome was to investigate the 
effects of pulsed electromagnetic fields on bone healing 
process. secondary outcomes concerned the evaluation of 
pain, range of motion and strength;

• study design: randomized controlled trials, non-ran-
domized controlled trials and case-control studies were in-
cluded. case reports, case series, uncontrolled studies and 
expert opinions were excluded.

Information sources

a systematic search using the following Mesh terms 
(Magnetic field therapy; Electromagnetic fields; bone 
and bones; fractures, bone; fractures healing) and strings 
{(“Magnetic field therapy [mh]” or “Electromagnetic 

Introduction

fractures are common bone injuries, representing one 
of the main causes of disability with a heavy burden 

on health care system.1 the global number of new cases 
of fracture was estimated to be 178 million in 2019.2 from 
an epidemiological point of view, lower leg fractures (i.e. 
patella, tibia, fibula and ankle) were the most common and 
burdensome (incidence rate of 419.9 cases per 100,000 
population worldwide) followed by distal (i.e. radius, ulna 
or both) and proximal arm (i.e. clavicle, scapula and hu-
merus) ones.2 fracture healing is a long-term process that 
may be influenced by a series of local and systemic fac-
tors.3 it consists of two metabolic phases (i.e. anabolic and 
catabolic), which overlap with three biological stages (i.e. 
inflammatory, endochondral bone formation and coupled 
remodeling).4

regarding the healing time (i.e. formation of bony cal-
lus with bridging), long bone fractures usually take 6-8 
weeks, while 8-10 weeks is the typical healing time for 
vertebral fractures.5 although most part of fractures reach 
consolidation, it has been estimated that between 10% and 
15% of all bone fractures may undergo an impaired heal-
ing (rates may vary by the anatomic location of fractures) 
leading to considerable morbidity and socioeconomic 
costs.5, 6 a “delayed union” happens when the healing pro-
cess has slowed down (to date there is no consensus on 
its standardized definition), while a “non-union” occurs 
when the healing process has stopped (healing failure by 
9 months or a lack of progressive signs of healing by 3 
months according to the usa food and drug adminis-
tration definition).5 from this perspective, it would be of 
great importance to decrease the time of fracture consoli-
dation by accelerating the bone healing process thus re-
ducing the incidence of complications.7

few rehabilitation interventions have been suggested in 
literature to enhance bone regeneration and recovery after 
fractures, such as the application of weak electromagnetic 
fields. This type of physical therapy may promote prolif-
eration, orientation and migration of osteoblast-like cells 
as well as osteogenic differentiation in bone marrow- de-
rived mesenchymal stem cells.8, 9 from a histological point 
of view, electromagnetic fields could enhance bone cells 
activity and alveolar bone remodeling.9 interestingly, the 
application of magnetotherapy seems to have a “biological 
window” for intensity (e.g. beyond a certain range of inten-
sity the effects of magnetic fields will decrease and even be-
come inhibitory). Moreover, the direction of magnetic fields 
may play a role in bone remodeling and healing process.9
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rized in supplementary digital Material 1 (supplemen-
tary table i). results of the risk of bias assessment were 
presented in Table I (traffic light plots show the judgment 
about each bias domain).15-17

Primary outcome

as to bone fracture healing, Martinez-rondanelli et al. re-
ported a not significant faster healing (assessed by means 
of X-rays and differentiated into three stages: non-union, 
partial union and union) of femoral diaphysis fractures in 
patients treated with pulsed electromagnetic fields (inter-
vention group) compared to a placebo device treatment.15 
in particular, at 12 weeks follow-up, fracture union was 
achieved in 75% (intervention) vs. 58% (placebo group) 

fields [mh]) or “magnetotherapy” or “pulsed electro-
magnetic field”) and (“Fractures, bone [mh]” OR “Bone 
and Bones [mh]”) and (“Fractures Healing [mh]”)} was 
conducted on pubMed, cochrane library, Epistemonikos 
and scopus electronic databases. only full articles pub-
lished in English between January 2014 and december 
2022 were considered.

Selection process

papers were selected by two independent reviewers ac-
cording to the aforementioned criteria, and by a third inde-
pendent reviewer with the role of solving conflicts.

Data collection process and data items

the principal characteristics of included studies are sum-
marized according to the cochrane handbook as follows: 
author and publication year, study design, participants (to-
tal number of participants with gender and age), interven-
tion (type and dose of intervention), comparator (placebo 
or other intervention), outcomes (primary and secondary 
outcomes with evaluation tools).13

Study risk of bias assessment

the risk of bias was assessed using the cochrane risk of 
bias tools for randomized trials version 2 (rob 2.0).14

Results

Study selection

We initially found 692 studies of which 344 were ex-
cluded because of duplication. of the remaining 348 stud-
ies, only seven met the inclusion criteria on the base of 
title and abstract. after reading the full-texts four studies 
were excluded as they did not meet the eligibility criteria. 
therefore, three papers (all reporting about randomized 
controlled trials) have been selected and analyzed. the 
total amount of participants included by the three studies 
selected for this systematic review is of 197 patients. the 
PRISMA flow diagram of the selection process is reported 
in figure 1. included studies’ main features are summa-

Table I.—  Risk of bias.15-17

study randomization 
process

deviations from 
the intended 
interventions

Missing 
outcome data

Measurement of 
the outcome

selection of the 
reported result

overall risk 
of bias

hannemann et al. (2014)16 low low low low low low
Mohajerani et al. (2019)17 high intermediate low low intermediate high
Martinez-rondanelli et al. (2014)15 low low low low low low

Figure 1.—The PRISMA flow diagram for systematic reviews.
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groups over a follow-up period of 6 (p=0.30), 9 (p=0.34), 
12 (P=0.54) and 52 (P=0.44) weeks.16 similarly, they re-
ported a significant difference as to grip strength (percent-
age of grip strength on the fractured compared with that 
of non-fractured side) and those treated with placebo at 12 
weeks of follow-up (p=0.03). on the other hand, no sig-
nificant difference as to grip strength was found between 
groups over a follow-up period of 6 (p=0.16), 9 (p=0.21), 
24 (P=0.37) and 52 (P=0.33) weeks.16 Mohajerani et 
al. observed a significant difference as to the maximum 
amount of mouth opening between patients treated with 
pulsed electromagnetic fields and those who received no 
additional treatment over a follow-up period of 28 days 
(p<0.01).17

Discussion

this systematic review update mainly aimed to research, 
analyze and summarize the most recent scientific evidence 
on the effects of pulsed electromagnetic fields in the treat-
ment of acute bone fractures, published on cochrane, 
Epistemonikos, pubMed and scopus databases. We decid-
ed to search the literature from 2014 to 2022 to update the 
results of a previous, well-conducted, systematic review 
on the same topic published by hannemann et al., which 
focused on studies published between 1980 and 2013.10 
hannemann et al. selected 16 randomized controlled trials 
comparing pulsed electromagnetic fields (three articles) or 
low-intensity pulsed ultrasound (13 articles) bone growth 
stimulation with placebo for the treatment of acute bone 
fractures.18-20 another reason for our focus on the recent 
literature regards the technological progress of medical 
devices. in our view it would be not appropriate to consid-
er very old studies (e.g. since 1966) with ancient devices 
for magnetotherapy together with modern ones.

as for the current systematic review update we selected 
three articles (all reporting about randomized controlled 
trials) out of the 692 ones initially identified. With regard 
to our primary outcome, none of the studies considered by 
this systematic review found significant effects of pulsed 
electromagnetic fields on the acute bone fracture healing 
process.15-17 This may appear in contrast with the findings 
reported by hannemann et al. in their previous system-
atic review and metanalysis: they suggested that pulsed 
electromagnetic fields or low-intensity pulsed ultrasound 
may be beneficial in the treatment of acute fractures con-
sidering the time for radiological and clinical union, while 
they underlined the existence of insufficient evidence to 
conclude that those two modalities of physical therapy, 
applied to acute fractures, could reduce the incidence of 

(p=0.10) of cases. at 18 weeks follow-up the ratio of 
fracture union was 94% (intervention) vs. 80% (placebo) 
(P=0.15) as well as it was 94% (intervention) vs. 87% (pla-
cebo) (p=0.43) at 24 weeks follow-up.15

hannemann et al. found no significant difference in tim-
ing of scaphoid fractures union (assessed by means of ct 
scan and differentiated into three stages: non-union, par-
tial union and union) between patients treated with pulsed 
electromagnetic fields (intervention) and those treated 
with placebo (sham pulsed electromagnetic fields) over a 
follow-up period of 6 (P=0.23), 12 (P=0.51), 24 (P=0.74) 
and 52 (P=1.00) weeks.16

Mohajerani et al. observed no significant difference 
(P>0.05) as to the mean bone density between patients 
with mandibular fracture who underwent closed reduction 
treated with pulsed electromagnetic fields group (inter-
vention) and those who received no additional treatment 
(control) over a 4-week follow-up period.17 however, the 
percentage of changes in bone density of the two groups 
revealed that the intervention group had a significant in-
crease in bone density at 4 weeks post-surgery compared 
with the control group (P<0.05).17

Secondary outcomes

Pain

as to pain, Martinez-rondanelli et al. did not find any ef-
fects on this parameter in their paper.15 hannemann et al. 
described no significant difference regarding pain after a 
longitudinal compression of the scaphoid bone between 
patients treated with pulsed electromagnetic fields and 
those treated with placebo (sham pulsed electromagnetic 
fields) over a follow-up period of 6 (P=0.80), 9 (P=1.00), 
12 (P=0.67), 24 (P=0.47) and 52 (P=1.00) weeks.16 Mo-
hajerani et al. observed a significant difference in pain 
intensity between patients treated with pulsed electromag-
netic fields and those who received no additional treatment 
at 7 and 14 days of follow-up (P<0.05).17

Range of motion and strength

considering range of motion and strength, Martinez-ron-
danelli et al. reported no data in their paper.15 hannemann 
and collaborators found a significant difference for the wrist 
movement (percentage of wrist movement on the frac-
tured arm compared with the non-fractured side) between 
patients treated with pulsed electromagnetic fields and 
those treated with placebo (sham treatment) at 24 weeks 
of follow-up (P=0.04). Conversely, no significant differ-
ence regarding wrist range of motion was found between 
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magnetotherapy.16 in the same study, a positive effect on 
range of motion was identified in the study group at 12 
weeks of follow-up.16 this is not in line with the litera-
ture previously revised by hannemann et al., that reported 
no significant effects on the strength and motion after the 
treatment with pulsed electromagnetic fields.20 the range 
of motion was also investigated in another study included 
in our review, showing significant improvements in the 
maximum amount of mouth opening in patients with man-
dibular fracture treated by means of pulsed electromag-
netic fields.17

in our opinion, the effect of pulsed electromagnetic 
fields on functional recovery after acute fractures remains 
controversial, considering that functional recovery is 
mainly related to type and amount of physiotherapy (not 
detailed in the most of papers) as magnetotherapy plays a 
role of adjuvant treatment.

Limitations of the study

the main limitation of this review is given by the restrict-
ed number of studies found and analyzed. this is a conse-
quence of the lack of high quality in the methodology of 
the studies published on this issue (which is probably also 
due to a publication bias) despite the large use of pulsed 
electromagnetic fields in daily clinical rehabilitation prac-
tice. in addition, the large heterogeneity of selected stud-
ies regarding the type of fracture, treatment protocols and 
evaluated outcomes further limits our conclusions. lastly, 
we did not perform metanalysis, given the scant amount 
of data.

Conclusions

this systematic review update does not support the use 
of pulsed electromagnetic fields for improving bone heal-
ing process in patients with acute fracture. controversial 
evidence was found about the effects of pulsed electro-
magnetic fields on pain and functional recovery. Consider-
ing the scant and heterogenous literature published to date, 
which represents a limit for our conclusion, further studies 
with high quality methodology are needed.
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