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Abstract 

Cellular bioelectromagnetics examines how defined electric and magnetic exposures influence cells. 
Studies have reported changes in intracellular calcium, redox balance, gene expression, proliferation and 
differentiation under selected conditions. The findings depend strongly on frequency, field strength, 
waveform, duration, cell identity and culture environment. This narrative review distinguishes static and 
extremely low frequency fields from radiofrequency exposure; summarizes proposed signaling pathways; 
and discusses experimental evidence from neuronal and bone-cell models. A two-study chart depicts 
exposure settings rather than comparing biological effect sizes. Cellular responses in vitro establish 
neither a universal mechanism nor a human health outcome. Reproducible dosimetry, sham exposure, 
temperature control and independent replication are essential for interpreting and translating results. 
Keywords:bioelectromagnetics; electromagnetic fields; calcium signaling; oxidative stress; pulsed 
electromagnetic fields; cellular response 

1 Introduction 

Living cells maintain membrane voltage, ionic gradients and redox balance. External electromagnetic 
fields can interact with biological tissue through different physical routes. At extremely low frequencies 
(ELF), time-varying magnetic fields induce electric fields; sufficiently strong exposures stimulate nerves 
and muscles. At radiofrequency (RF), absorbed energy can heat tissue. Proposed responses to weaker 
exposures are more context dependent, and an observed molecular change is not itself proof of harm or 
clinical benefit [1,2]. 

This review focuses on controlled cell experiments and their interpretation. It includes no original 
biological experiments or pooled effect-size estimates. The goal is to explain which exposure variables 
must be reported, what cellular endpoints have been investigated and why results from different devices 
are not automatically comparable. 
2 Exposure classes and experimental design 

Static magnetic fields, ELF fields and RF fields differ in frequency and coupling to tissues. A laboratory 
report should specify electric-field strength or magnetic flux density at the sample, frequency, waveform, 
duty cycle, orientation, exposure duration, medium, container geometry and temperature. Nominal coil 
settings are not a substitute for measured sample-level fields. ELF cellular studies span diverse 
combinations of intensity, frequency, time and continuous or intermittent exposure; a scoping review 
classified 79 eligible articles across these dimensions [3]. 
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Figure 1. Conceptual sequence of candidate cellular responses. Each arrow requires direct 

experimental validation. 

A rigorous design uses a physically comparable sham condition with the same incubator handling, 
vibration, coil heat and timing. Cell passage number, density and medium composition should match. 
Temperature probes and blinded image or assay analysis reduce bias. Investigators should predefine a 
primary endpoint, adequate biological replication and an analysis plan; running many biomarkers without 
correction increases the chance of false positive findings. 
3 Proposed mechanisms 

Calcium signaling is frequently investigated because channel activity and intracellular stores influence 
cell fate. EMF-associated calcium changes have been discussed in stem-cell models, including osteogenic 
and chondrogenic differentiation [4]. Mitochondrial and enzymatic redox pathways are another candidate 
route. Reactive oxygen species (ROS) serve as normal signals at some concentrations and can contribute 
to damage at others; the direction and meaning of change depend on context [7]. 

Heat shock proteins and stress-response genes have also been reported after some exposures [8]. 
Mechanistic claims need more than a changed biomarker: blocking the proposed channel, rescuing a 
phenotype, measuring exposure inside the culture vessel and excluding heating are stronger tests of 
causality. A response observed in one cell line at one field setting should not be generalized to unrelated 
cells. 
4 Cellular endpoints and representative evidence 

Table 1. Selected published cellular models. Conditions and endpoints differ, so rows are not effect-

size comparisons. 

Cell system Field example Reported endpoint and interpretation 

Human SH-
SY5Y neuronal 
cells 

50 Hz, 1 mT ELF magnetic exposure 
[6] 

Oxidative stress and neuronal-cell responses 
studied; culture result does not establish 
neurological disease risk. 

Irradiated 
osteoblasts 

15 Hz, 2 mT pulsed-burst EMF [5] Distinct intracellular calcium oscillations and 
bone-cell protection investigated in an 
experimental setting. 

Stem cells Varying ELF or pulsed conditions 
[4] 

Calcium-associated differentiation and cell-
fate pathways discussed across heterogeneous 
studies. 

Mouse 
preosteoblast 
MC3T3-E1 

A clinically used PEMF signal [9] Osteoblastic differentiation with adenosine-
receptor-related gene activation reported. 

The two numerical exposure settings in Table 1 are illustrated below. Frequency and magnetic flux 
density are properties of the applied field, not measures of biological response. The studies used different 
cells, waveforms and research questions; their locations on the chart cannot rank effectiveness or safety. 
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Figure 2. Published settings from an osteoblast experiment [5] and a neuronal-cell experiment [6]. No 

outcome data are plotted. 
5 Interpretation and translational boundaries 

A field can yield different outcomes in proliferating versus differentiated cells and in healthy versus 
stressed cultures. Nonlinear patterns have been proposed, including possible frequency or amplitude 
windows, but mechanisms remain debated [7]. A null result at one exposure does not refute every possible 
effect; a positive result does not validate every frequency. The relevant inference is restricted to the 
measured cell type, field configuration and endpoint. 

Bone repair is an active application area for pulsed electromagnetic fields. One experimental study 
identified a 15 Hz, 2 mT pulsed-burst setting associated with calcium spikes in irradiated osteoblasts [5]. 
Other preosteoblast work reported adenosine receptor involvement in differentiation [9]. Those 
mechanistic observations warrant controlled translational testing. They should not be presented as direct 
evidence that an arbitrary consumer EMF device treats bone disease. 

For public-health questions, exposure assessment and disease endpoints require population and animal 
evidence in addition to cell assays. WHO distinguishes established effects at sufficiently high ELF field 
strengths, such as induced nerve and muscle stimulation, from unresolved questions about prolonged 
lower-level exposure [1]. WHO also notes that laboratory cellular changes do not automatically 
demonstrate a causal relationship to disease [2]. 
6 Research priorities 

Future reports should publish field maps and waveform traces at the sample, quantify background fields 
and incubator temperature, and disclose coil calibration and sham procedures. Standardized dose 
descriptors would enable replication. Multi-laboratory studies should test prespecified conditions across 
several cell types with both positive and negative controls. Parallel measurement of calcium, ROS, 
viability and phenotype over time could distinguish transient adaptation from sustained injury or 
beneficial differentiation. 

For clinical translation, a sequence of independent replication, relevant tissue models, animal studies 
and controlled trials is needed. Biological effect, therapeutic efficacy and safety are separate questions. 
Exposure standards and clinical decisions should be based on the totality of evidence for a specified 
application, rather than a single cellular readout. 
7 Conclusion 

Cellular systems can show measurable responses to selected electromagnetic exposures, including 
calcium signaling, redox changes and differentiation. The response is conditional on exposure details and 
biological context. The most useful next advance is reproducible sample-level dosimetry combined with 
sham-controlled, mechanistic experiments. Careful separation of cellular observations from health claims 
will make this research more informative. 
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