Pulsed electromagnetic field (PEMF)

PEMF therapy uses time-varying electromagnetic fields to induce weak electrical
currents in tissues. FDA-cleared since 1979 for bone healing, PEMF has the
strongest evidence for fracture nonunion, osteoarthritis pain, and
postoperative pain/edema reduction, with emerging data across several other
domains.

Bone Healing and Fracture Nonunion — FDA-Cleared Indication

PEMF was first approved by the FDA in 1979 for ununited fractures, based on
pioneering work showing an 81% success rate in 1,007 ununited fractures and
71 failed arthrodeses at Columbia-Presbyterian, with 79% success
internationally. A meta-analysis of 22 RCTs (n = 1,468) confirmed PEMF
increased healing rate by 22% (79.7% vs. 64.3%; RR 1.22, 95% CI 1.10-1.35),
with moderate-quality evidence also supporting pain relief (SMD -0.49) and
accelerated healing time.

However, a 2024 systematic review update of more recent RCTs (3 trials, n =
197) found no significant effect on acute fracture healing, with contradictory
results on pain — suggesting the benefit may be specific to delayed unions and
nonunions rather than acute fractures. A Cochrane review similarly concluded
there "may be a benefit" for nonunion but the evidence was insufficient for
certainty.

Osteoarthritis — Best-Supported Pain Indication

A meta-analysis of 16 placebo-controlled RCTs found PEMF produced a large
effect on pain (SMD 1.06, 95% CI 0.61-1.51), with smaller but significant
improvements in stiffness (SMD 0.37) and physical function (SMD 0.46) in OA
patients. Notably, PEMF parameters and treatment duration did not significantly
influence outcomes.

Postoperative Pain and Edema — Consistent RCT Evidence

This is one of the most compelling clinical applications, with multiple
double-blind, placebo-controlled trials:

o After TRAM flap breast reconstruction, PEMF reduced pain scores
4-fold at 72 hours (p < 0.01), narcotic use 2-fold (p < 0.01), wound



exudate volume 2-fold (p < 0.01), and IL-18 concentration in wound
exudates 5-fold (p < 0.001).

e After breast reduction, PEMF produced a 57% decrease in pain at 1
hour and 300% decrease at 5 hours (p < 0.001), with a 2.2-fold reduction
in narcotic use (p = 0.002). IL-1B in wound exudates was 275% lower in
the PEMF group.

e After cesarean section (n = 72), PEMF reduced severe postoperative pain
from 72% to 36% (p = 0.002), decreased analgesic use 2.1-fold over 7
days (p < 0.001), and improved wound healing with less exudate,
erythema, and edema.

The proposed mechanism involves PEMF modulation of the
calmodulin-dependent nitric oxide/cGMP signaling pathway, which
downregulates inflammatory cytokines — particularly IL-13 — in the wound bed.

Musculoskeletal Pain — Broader Applications

A 2025 systematic review of 8 RCTs across musculoskeletal conditions found
most studies reported reductions in pain and improvements in functional
outcomes (Oswestry Disability Index, WOMAC), with no serious adverse
events. PEMF was linked to sustained analgesic and anti-inflammatory effects,
while higher-intensity repetitive peripheral magnetic stimulation (rPMS) showed
faster pain reduction.

A multicenter RCT (n = 120) of a commercially available PEMF device for joint
and soft tissue pain showed a 36% pain reduction in the PEMF group vs. 10%
in the standard-of-care group (p < 0.0001), with a 55% reduction in
pharmacologic use (from 40% to 18%). Crossover patients experienced an
additional 18% pain decrease and 63% reduction in medication use.

For shoulder impingement syndrome, a meta-analysis of 4 RCTs (n = 252)
found PEMF significantly reduced short-term pain (SMD -0.34) and improved
both short-term (SMD 0.40) and long-term functional capacity (SMD 0.60).

Diabetic Peripheral Neuropathy

A double-blind RCT (n = 182) found PEMF produced a clinically significant 30%
reduction in pain from baseline compared to sham (p < 0.05) in patients with
painful diabetic symmetric peripheral neuropathy, with a trend toward improved



skin perfusion pressure. However, a larger earlier trial (n = 225) found PEMF was
not effective at reducing neuropathic pain intensity on VAS or NPS, though it did
show a significant increase in epidermal nerve fiber density (29% vs. 0% in
sham, p = 0.04) — suggesting a neurobiological effect on nerve regeneration
even without clear symptomatic benefit.

Complex Regional Pain Syndrome

In CRPS, one RCT reported a 46-53% reduction in pain at post-intervention
and 1-month follow-up with PEMF compared to sham, representing "moderate” to
"substantial" clinically important benefit.

Wound Healing

PEMF facilitates wound healing through increased macrophage and fibroblast
migration, reduced inflammation, and enhanced collagen deposition. Clinical
evidence is strongest in the postoperative setting (as above), while Cochrane
reviews for venous leg ulcers and pressure ulcers found insufficient evidence to
draw firm conclusions about PEMF as a standalone wound therapy.

Depression

An 8-week cohort study of transcranial PEMF (T-PEMF) in treatment-resistant
depression showed 49% response rate (=50% HAM-D:» reduction) and 30%
remission rate in patients with nonchronic episodes. However, a subsequent
sham-controlled double-blind RCT found no difference between active and
sham T-PEMF, though this may have been related to lower magnetic field
strength.

**Safety Profile

Across all reviewed studies, PEMF therapy demonstrates an excellent safety
profile with no serious adverse events reported. The most common complaint is
minor skin irritation at the application site. PEMF is generally contraindicated
in patients with implanted electronic devices (pacemakers, defibrillators)
and during pregnancy.
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