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Background  
Healing success for fifth metatarsal fracture nonunions is challenging and hindered by 
risk factors for nonunion. Pulsed electromagnetic field stimulation (PEMF) promotes 
bone healing and can help overcome biological deficiencies in patients at risk. 

Objective  
The current study assessed the impact of PEMF treatment to promote successful bone 
healing in metatarsal nonunion. 

Methods  
A multi-center, retrospective study was conducted to evaluate PEMF treatment for fifth 
metatarsal fracture nonunion. Subjects undergoing treatment and eligible for treatment 
with PEMF (PhysioStim™ device) were enrolled. Subjects were followed for up to 12 
months to determine bone healing status determined by radiographic assessment. 
Subjects were assessed for healing status and impact of risk factors for nonunion. 

Results  
Fifty-six (n=56) subjects were included in the analysis. Subjects were 89.3% female with a 
mean age of 59.7 years. Of the risk factors studied, 75.0% of subjects had at least 1 risk 
factor associated with compromised bone healing. PEMF treatment started shortly after 
the nonunion diagnosis, and the average time from nonunion diagnosis until successful 
healing was 154.7 days. Approximately 62.5% of subjects showed successful healing of 
their 5th metatarsal fracture by 4 months; 75.0% of subjects healed by 6 months; 91.1% 
of subjects healed by 12-months. The number of risk factors (up to 5 total per subject) 
was associated with longer heal times (p<0.02). Of the risk factors studied, only nicotine 
use was associated with longer healing times (p<0.03). 

Conclusion  
Metatarsal nonunion subjects treated with PEMF achieved favorable time to healing 
despite having risk factors for compromised healing. 

INTRODUCTION 

Metatarsal fractures are one of the most common injuries 
involving the foot representing up to 6% of all the fractures 
seen in the primary care setting. Of these fractures, ap
proximately 45–70% of these injuries involve the fifth 
metatarsal.1 These fractures affect a broad age distribution 
from athletic injuries sustained by younger patients to age-
related falls.2‑4 Patients commonly present with pain in 
the lateral aspect of the forefoot that is elevated with any 
weight-bearing activity. This pain may occur following an 

acute injury or after repetitive microtrauma induces injury 
over a chronic period. Most of these fractures involve the 
proximal region of the metatarsal (~70%) and in lower fre
quencies involve the shaft (17%).5,6 Proximal fractures are 
commonly classified into differing types and include three 
anatomical zones: Zone 1 (tuberosity), Zone 2 (metaphy
seal-diaphyseal junction), and Zone 3 (diaphyseal area 
within 1.5 cm of the tuberosity). Zone 2 encompasses a vas
cular watershed with blood supply provided by metaphyseal 
and diaphyseal nutrient arteries. 
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A nonunion metatarsal fracture can cause pain, inflam
mation, deformity of the bone, and loss of functionality. 
Fifth metatarsal fractures have a high rate of nonunion 
(15-30%), especially in Zone 2 fractures. Fractures in Zone 
2 have higher rates of nonunion when managed nonoper
atively with estimates of 20-30%.6‑8 In cases of nonunion, 
patients may experience recurring pain and disability along 
with increased utilization of healthcare resources (e.g., 
pain medication, rehabilitation, and surgery). Nonunion is 
associated with high complication rates and poor long-term 
outcomes.9,10 Treatment options for fifth metatarsal frac
tures typically involve rehabilitation therapies and may re
quire operative intervention. Surgery is often performed on 
metatarsal fractures due to the risk of delayed healing or 
reinjury but may also result in nonunion.11 

Pulsed electromagnetic field (PEMF) stimulation therapy 
is a modality that provides a non-surgical intervention to 
promote bone healing. This technology uses electromag
netic fields delivered to the targeted injury to produce ben
eficial effects at the cellular level that improve bone frac
ture healing. PEMF benefits include anti-inflammatory, 
regenerative, and protective cellular effects that aid in bone 
healing and functionality.12‑14 PEMF therapy promotes the 
activity of osteoblasts and bone morphogenetic protein ex
pression thereby enhancing osteogenesis and chondrocyte 
proliferation leading to improved bone formation and 
rates.15‑18 PEMF treatment has been used in many mus
culoskeletal indications with positive effects including pa
tients with cervical disc herniation, osteoarthritis, fi
bromyalgia, and osteoporosis.19‑23 

Due to the relatively high frequency of fifth metatarsal 
fractures and observed nonunion rates (specifically Zone 
II), it is critical to explore treatment options that target 
fracture healing and mitigate factors that contribute to 
poor outcomes. PEMF represents a treatment modality with 
known benefits and a favorable safety profile with the po
tential for high impact in this patient population. The cur
rent study aimed to evaluate real-world data on the utility 
of PEMF in patients with metatarsal fractures. 

MATERIALS & METHODS 

STUDY DESIGN 

The current study employed a multi-center, post-market, 
retrospective design to evaluate real-world performance of 
PEMF using stimulation devices (PhysioStim™ device, Or
thofix US LLC, Lewisville, TX, USA) to treat metatarsal 
nonunion. Subjects were enrolled at five sites across the 
United States. Subjects were included in the study if they 
were diagnosed with metatarsal nonunion at the participat
ing investigative site and eligible for treatment with an Or
thofix PhysioStim device. No fractures were treated surgi
cally. Subjects were enrolled who were 18 years or older at 
the time of treatment. Subjects were followed for up to 12 
months after the start of treatment for metatarsal fracture 
nonunion to determine healing status which included a ra
diographic assessment. Subjects received standard of care 
follow-up, and therefore, there were no scheduled follow-

up visits. Healing status was assessed radiographically us
ing imaging with x-ray dorsoplantar (DP), medial oblique, 
and lateral projection when available. Equivalent standard 
of care imaging (e.g., computed tomography) could be used 
in place of x-rays. Radiographic assessment of bone healing 
status was determined by the surgeon using standard of 
care procedures. Risk factors for nonunion were also as
sessed and included high body mass index (BMI), age (>65 
years), diabetes, nicotine, and osteoporosis. 

PULSED ELECTROMAGNETIC FIELD STIMULATION 
PROCEDURES 

Following a diagnosis of nonunion, therapy with PEMF was 
initiated using the Orthofix PhysioStim device. The Phys
ioStim device is an FDA-approved non-invasive PEMF bone 
growth stimulator indicated for non-surgical, prescription 
treatment of an established nonunion acquired secondary 
to trauma, excluding vertebrae and all flat bones, where the 
width of the nonunion defect is less than 50% of the width 
of the bone to be treated. A nonunion was considered to be 
established when the fracture site showed no visibly pro
gressive signs of healing. 
The PhysioStim device contains a control unit and a 

treatment coil in one integrated device. A micro-processor 
generates the PhysioStim device’s electrical signal, which 
creates a highly uniform, low-energy electromagnetic field 
sent from the treatment coil. When the coil is centered over 
the treatment area, the therapeutic PhysioStim PEMF sig
nal can be delivered through clothing, bracing, or over a 
cast or external fixation device if present directly to the 
fracture site. Proper treatment does not require direct con
tact with the body however the coils must be centered 
around the fracture site to be effective. The PhysioStim 
device provides 360 degrees of PEMF treatment coverage 
around the targeted fracture site and penetrates evenly 
across tissue, bone, and fixation. PhysioStim devices pro
vide daily treatments for up to 365 days. The physician de
termined the overall length of treatment (months/weeks) 
on an individual basis according to fracture healing 
progress. Typical prescribed treatment time is three hours 
per day as prescribed by a physician. 

STATISTICAL ANALYSIS 

Data were analyzed with SAS Version 9.4 (SAS Institute, 
Cary, NC). All available data collected for each subject 
through the study exit was evaluated for each endpoint. 
Subject data collected from visits were matched to the clos
est 1-month post-treatment interval. One visit was 
matched to one timepoint. Data analysis consisted primar
ily of summary statistics and inferential statistics for 
changes in dependent measures over time. The mean stan
dard deviation (SD) is reported for continuous variables. 
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Table 1. Subject Demographics and Baseline Characteristics.      

Variable Value 

Age (yr) 

Mean (SD) 59.7 (14.8) 

Range 
(Min, Max) 

21, 87 

Height (in) 

Mean (SD) 64.9 (3.3) 

Range 
(Min, Max) 

60, 75 

Weight (lb) 

Mean (SD) 164.6 (53.4) 

Range 
(Min, Max) 

94, 400 

Body Mass Index (kg /m2) 55 

Mean (SD) 27.2 (7.3) 

Range 
(Min, Max) 

17.2, 52.8 

Fracture Type 

Avulsion (Zone 1) 21/55 (38.2) 

Jones (Zone 2) 23/55 (41.8) 

Dancers/shaft (Zone 3) 7/55 (12.7) 

Head/Neck 3/55 (5.4) 

Cause of Injury 

Direct Trauma 19/56 (33.9) 

Indirect Trauma 37/56 (66.1) 

Fracture Category 

Acute 46/56 (82.1) 

Stress 10/56 (17.9) 

SD, standard deviation. 

RESULTS 

SUBJECTS CHARACTERISTICS 

Fifty-six (n=56) subjects were included in the analysis. The 
majority of subjects enrolled were female (n=50; 89.3%), 
with a mean age of 59.7 years (SD 14.8) and mean BMI of 
27.2 kg /m2 (SD 7.3). The types of fractures included avul
sion (Zone 1) (n=21/55; 38.2%), Jones (Zone 2) (n=23/55; 
41.8%), dancers/shaft (Zone 3) (n=7/55;12.7%), and head/
neck (n=3/55; 5.5%). The cause of injury included direct 
trauma (n=19/56; 33.9%) and indirect trauma (n=37/56; 
66.1%). Approximately 82.1% (n=46/56) of fractures were 
acute compared to 17.9% (n=10/56) of stress fractures. 
(Table 1 ) The mean time between the original fracture and 
the diagnosis of nonunion was 106.2 days (SD 57.3). Of the 
risk factors studied (BMI, age, diabetes, nicotine, osteo
porosis), 75.0% (n=42/56) of subjects had at least one risk 
factor associated with compromised bone healing; 33.9% 
(n=19/56) had ≥ two risk factors for nonunion. (Table 2 ) 

HEALING STATUS 

The average time from nonunion diagnosis until successful 
healing was 154.7 days following PEMF treatment. The ma
jority of subjects (n=35/56, 62.5%) were categorized as 
healed with by four months post-PEMF initiation and 75.0% 
of subjects (n=42/56) were healed by six months. (Table 3 ; 
Figure 1 ;  Figure 2 ) Representative radiographic images are 
presented in Figure 3 . The number of risk factors (up to 5 
total per subject) were significantly associated with longer 
heal times (p < 0.02). Of the individual risk factors studied, 
only nicotine use was associated with longer healing times 
(p < 0.03). (Table 4 ) 

DISCUSSION 

The current study aimed to assess the real-world impact 
of PEMF treatment on metatarsal fractures in patients who 
did not receive surgical intervention and presented with 
risk factors for nonunion. In total, 56 subjects were as
sessed, and a positive benefit was found with 91.1% of frac
tures healed within one year with an average time from 
nonunion diagnosis until successful healing of 154.7 days. 
The majority of subjects presented with at least one risk 
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Table 2. Risk Factors for Compromised Fracture Healing.       

Risk Factor N % 

# of Risk Factors 

None 14/56 25.0 

≥ 1 risk factors 42/56 75.0 

≥ 2 risk factors 19/56 33.9 

High Body Mass Index (>30 kg /m2) 14/55 25.6 

Age (>65) 24/56 42.9 

Diabetes 8/55 14.6 

Nicotine 16/53 30.2 

Osteoporosis 8/45 17.8 
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Figure 1. Time Course of the Cumulative Percentage of        
Healed Fractures Following PEMF Initiation. A       
minimum of 42.0 days, mean of 154.6 days, and          
maximum of 554.0 days (not shown) was observed for          
fracture healing times post-PEMF treatment initiation.       
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Figure 2. Number of Healed Fractures Following PEMF       
Initiation by Resolution Timepoint. The majority of        
fractures were healed 4-months after PEMF treatment        
initiation.  

factor for nonunion demonstrating successful healing de
spite contributing factors compromising recovery. These 
data add to the growing literature demonstrating the ben
eficial effects of PEMF in musculoskeletal indications and 

Figure 3. Radiographic Imaging of Fracture Healing.      
Representative images showing a healed fracture       
following PEMF in a 47-year-old female with a single          
risk factor (high BMI of 38.3 kg/m      2). A. Nonunion prior     
to PEMF initiation. B. Healed fracture at the 6-month          
follow-up visit.   

support further investigation into the utility for metatarsal 
fractures. 
For some patients, interruptions in the processes in

volved in bone repair occur leading to the development of 
delayed union and nonunion fractures. PEMF devices are 
gaining increased interest and use by patients as a non-
invasive tool to mitigate impaired fracture healing. Accu
mulating scientific evidence supports the use of PEMF, and 
more specifically the musculoskeletal field is seeing a surge 
in research initiatives. Research largely supports the ben
eficial effects of PEMF in these indications and its cor
relation with accelerated healing of nonunion fractures. 
Studies have evaluated the effects of PEMF treatment for 
nonunion in non-surgical populations, and also as an ad
junct treatment following spinal surgery with high rates 
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Table 3. Healed Metatarsal Fracture Following PEMF Treatment Time Course.         

Month Healed* # Of Healed Fractures Cumulative # of Healed Fractures Cumulative % of Healed Fractures 

1 0 0 0.0% 

2 6 6 10.7% 

3 12 18 32.1% 

4 17 35 62.5% 

5 3 38 67.9% 

6 4 42 75.0% 

7 4 46 82.1% 

8 2 48 85.7% 

9 0 48 85.7% 

10 0 48 85.7% 

11 0 48 85.7% 

12 3 51 91.1% 

>12 5 56 100.0% 

* Timepoint fracture was reassessed and categorized as successfully healed. 

Table 4. Effect of Individual Risk Factors on Healing Time Following PEMF Initiation.            

Risk Factor p value 

BMI 0.075 

Age 0.759 

Diabetes 0.802 

Osteoporosis 0.722 

Nicotine 0.03* 

Multiple risk factors^ 0.02* 

^ sum of the individual subject’s number of risk factors (up to a total of 5). 

of successful fusion and improved patient-reported out
comes.24,25 

A recent survival analysis conducted in 1,382 patients 
with delayed union or nonunion fractures treated with bone 
growth stimulators using PEMF concluded that the median 
heal time for fractures was reduced by 35%-60%. The range 
of effect was dependent on the different fracture charac
teristics of patients and compliance with the recommended 
daily use.26 The overall success rate for fracture union was 
reported at 89.6% following use of PEMF devices. Increased 
daily compliance and hourly use of PEMF was correlated 
with reductions in time to heal.26 Similarly, other reports 
are establishing optimized PEMF treatment protocols and 
report higher success rates in patients who use PEMF de
vices regularly for longer periods of time. A study con
ducted in 139 subjects with nonunion fractures showed an 
80% success rate following PEMF treatment in subjects that 
used the device > 3 hours per day (compared to 35.7% suc
cess with <3 hours use). Similar to the current study, suc
cessful healing rates were not affected by common risk 
factors for nonunion (e.g., duration of nonunion, age, in
fection) suggesting the potential for PEMF to overcome ad
ditional disease burden.27 

A recent retrospective analysis of real-world data from 
a large claims-based database evaluated 11,010 adult pa
tients with a diagnosis of nonunion from a prior fracture. 

Patients who received treatment with a non-spinal electri
cal osteogenesis simulator device were compared to a con
trol group who did not. Patients who received stimulation 
treatments showed a significant reduction in rate of sur
gical intervention for their bone nonunion, lower rates of 
opioid utilization, and lower healthcare costs compared to 
those who did not receive treatment. The results indicate 
a positive impact of bone growth stimulator devices on in
dividual and societal outcomes in patients with fracture 
nonunions.28 

While studies in musculoskeletal indications are on the 
rise, few studies have assessed the effect of PEMF in 
metatarsal nonunion. Holmes et al. conducted a pilot study 
to evaluate PEMF effect on nine subjects with delayed 
union and nonunion of the proximal fifth metatarsal. Fol
lowing PEMF treatment, all fractures healed with a mean 
time to union of 4 months (range 2-8 months). Fractures 
healed with a combination of PEMF as an adjunct treatment 
with a cast healed with a mean time of 3 months. Follow-
up extending to 60 months demonstrated no refractures.29 

Additionally, a prospective, randomized, double-blind trial 
of subjects diagnosed with fifth metatarsal delayed or 
nonunion were evaluated following open reduction and in
ternal fixation of the nonunion site with adjunct PEMF or 
placebo stimulation treatment. A biopsy taken at study ini
tiation of the fracture site was also analyzed for PEMF ef
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fect on growth factors. Subjects underwent repeat biopsy 
and the surgical procedure after 3-weeks PEMF treatment. 
Treatment with PEMF showed an improved time to com
plete radiographic union by almost 6 weeks compared to 
the control group indicating improved healing time follow
ing surgery. Biopsy results indicated significant increases in 
placental growth factor levels following PEMF with a trend 
for increases in brain-derived neurotrophic factor and bone 
morphogenetic protein (BMP)-7 and BMP-5.30 The current 
study supports these published reports detailing improved 
metatarsal fracture healing following PEMF and provides 
additional evidence for its utility in the large patient pop
ulation suffering from metatarsal fractures. Due to the fre
quent occurrence of fifth metatarsal fractures, these pos
itive findings further support investigation of PEMF as a 
therapeutic modality. 

CONCLUSIONS 

PEMF treatment is a beneficial non-invasive therapy that 
can be implemented as a therapy for nonunion healing. 
Metatarsal nonunion subjects treated with PEMF achieved 
favorable time to healing despite having risk factors for 
compromised healing. The results suggest that PEMF may 
attenuate compromised healing associated with known risk 
factors for nonunion. 
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