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t is a fundamental law of phys-
ics that electric current always 
seeks the path of least resist-
ance. So when radiofrequency 

(RF) probes are placed on the skin 
surface, the current will ‘seek’ a 
path which offers the lowest pos-
sible resistance, regardless of the 
distance between electrodes.

The stratum corneum is mostly 
composed of dead, flat skin cells, 
lipids, air pockets and very little 
moisture. It therefore has a very 
high electrical impedance (or re-
sistance to an AC current), poten-
tially up to 100,000 ohms. Wet 
skin, either due to external water 
or perspiration, will have a much 
lower impedance.

In skin, the path of least resist-
ance is most likely a direct route 
from the emitter electrode through 
the stratum corneum to the epider-
mis—which has a much lower im-
pedance compared to the stratum 
corneum—along the top of the 
epidermis, then back through the 
stratum corneum to the collecting 
electrode.

As electric current flows 
through these tissues, heat is gen-
erated due to the resistance to the 
current flow. The amount of heat 
generated is directly proportional 
to the tissue impedance, the power 
applied and the time for which it 
is applied.

Radiofrequency
The heating that takes place using 
typical non-invasive RF systems 
in the low megahertz region (0.5 
– 5MHz) with skin contact elec-
trodes is known as Joule heating. 
The temperature rise results from 
purely resistive heating resulting 
from electrons colliding with ions 
within the tissues. 

Dielectric heating is also pos-
sible, as a result of friction losses 
from the rotation of dipole mol-
ecules induced by magnetic and or 
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electrical field oscillations. Dielec-
tric heating is typically an order of 
magnitude smaller than Joule heat-
ing in the above frequency range.

Dipole heating is proportional 
to the field frequency and also 
proportional to the tissue permit-
tivity. At frequencies greater than 
10MHz, dielectric heating is no 
longer negligible in human tissues. 

The absorbed electrical energy 
is converted into thermal energy 
in resistive tissues according to the 
following equation:

Eavg = I2
rms Z t

Eavg is the heat energy (J) aver-
aged over a number of cycles, Irms 

is the root mean squared current 
(amps), Z is the tissue impedance 
(ohms) and t is the current applica-
tion time in seconds. Clearly high 
impedance tissues will generate 
higher temperatures per unit cur-
rent.

The electrical impedance of 
the dermis is typically around 290 
ohms while that of fatty tissue is al-
most 7.5 times that, at around 2180 
ohms. Hence any current flowing 
through the fat layer will generate 
more heat than the dermal tissue 
above and so RF energy may also 
be used to induce lipolysis.

RF current typically gener-
ates relatively low temperatures in 
the skin compared to high energy 
lasers and IPL systems. Since the 
heat is generated through electrical 
impedance, the colour of the tissue 
is irrelevant. If the heat is sustained 
for a sufficiently long period, colla-
gen fibres can contract and thicken 
during the procedure.

Further tightening is enabled 
from the inflammatory wound 
healing response which triggers 
new collagen synthesis. The fi-
brous septa, which separate the fat 
lobules in the subcutaneous layer, 
are also preferentially heated due to 

the higher impedance of that layer. 
This results in a contraction of the 
fatty layer tissue which is evident as 
an immediate tightening reaction 
to the treatment.

A prolonged wound-healing re-
sponse lasting for more than three 
months may also occur, leading to 
dermal remodelling and the forma-
tion of new collagen fibre bundles. 
The ultimate result is an improve-
ment in skin laxity and texture and 
an increase in dermal bulk. Wiley 
et al found around a 90% satisfac-
tion rate with their patients at the 
three- and six-month follow-ups 
after RF treatments.

Clinical and histological studies 
have shown an increase in type I 
and type III collagen in addition to 
newly synthesised collagen. 

Levels of collagen were observed 
to have further increased over a 
three month period which resulted 
in statistically significant improve-
ments in skin tightening, skin 
texture and rhytides. Reports sug-
gest that a low-energy, multi-pass, 
multi-treatment protocol results in 
consistently good results with min-
imal discomfort to the patients.

Another study using a fractional 
bi-polar RF unit showed both neo-
collagenesis and neoelastogenesis 
in addition to an increase in der-
mal cellularity and deposition of 
hyaluronic acid. This study also 
found a 28-fold increase in the level 
of the heat shock protein, HSP47.

The path of least 
resistance for rF 
current is through 
the stratum cor-
neum to the epi-
dermis, generating 
heat as it passes 
through
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Heat shock proteins
Regardless of the method of heat 
generation in the dermis—by RF, 
lasers or IPLs—the heating process 
affects dermal collagen in at least 
two ways.

For dermal temperatures be-
tween 43–50ºC, the heat gener-
ated within the dermis triggers a 
response from the heat shock pro-
teins (HSP) resulting in molecular 
changes in the damaged collagen. 
HSPs reside within cells in the der-
mis and help to prevent irreversible 
cell damage under stressful condi-
tions. They are responsible for the 
synthesis, transport and folding of 
proteins as part of a damage-con-
trol response to excess heat.

These changes include struc-
tural rearrangement of the colla-
gen proteins through folding and 
unfolding activities resulting in 
contraction and thickening of the 
collagen. It has been shown that 
such thermally-damaged collagen 
can be completely replaced with 
new collagen through an active 
remodelling process mostly due to 
the collagen chaperone HSP47.

Many anecdotal reports discuss 
the ‘painless’ sensation during RF 
treatments. This indicates that the 
temperatures achieved in the der-
mis are probably below 40ºC—the 
threshold temperature at which the 
pain nociceptors are activated. 

Thermal pain is typically trig-
gered between 40º and 45ºC, so 
the clinical results from such low 
temperatures must be due to the 
HSP repair processes. However, 
HSP expression increases signifi-
cantly at around 43ºC, suggesting 
that a modest level of pain might 
lead to a better clinical outcome.

The low-energy, multi-pass and 
multi-treatment regime now ap-
pears to make more clinical sense 
since the accumulated thermal 
stimulation will result in further 
HSP expression. In particular, el-
evated levels of HSP47 result in 
the promotion of collagen synthe-
sis, while recent research appears 
to indicate the role of HSP70 in 
determining those cells which are 
deemed irreversibly damaged.

Thermal denaturation
Below around 50ºC, HSP expres-
sion dominates over collagen de-

naturation. However, above this 
temperature the denaturation proc-
ess is too rapid for HSP repairs to 
be maintained and collagen breaks 
down more rapidly. 

This is evident in treatments 
where higher energies are typically 
applied and where energy is applied 
directly into the dermal tissues via 
micro-needles.

For those cases where tempera-
tures exceed 50ºC, we can apply 
the Arrhenius Rate Equation. In 
such situations the temperature 
applied, coupled with the time for 
which it is applied, is critical in de-
termining the amount of collagen 
denaturation, Ω:

Ω = Aδt exp(–Eₐ/RT)

where A is the frequency of de-
composition of the molecules (or 
damage rate factor, sˉ1), Eª is the 
activation energy per mole between 
the native and the denatured states 
of tissue (J/mole), T is the tissue 
temperature (in degrees Kelvin, K), 
R is the molar gas constant (8.314 
J/mole K) and δt is the time for 
which the temperature T is main-
tained. 

It is important to note that the 
amount of tissue damage, Ω, is 
linearly dependent on time but ex-
ponentially dependent on tempera-
ture (which is directly proportional 
to the absorbed energy).

Studies indicate that more read-
ily observable results are achieved 
at higher temperatures. Berube et 
al found that the increase in colla-
gen volume was almost three times 
greater at 75ºC compared with 
65ºC. This is entirely in keeping 
with the above theory, since a small 
increase in temperature results in 
an exponential increase in tissue 

denaturation and consequently 
more neocollagenesis over time.

Therefore, the level of collagen 
damage is very sensitive to the lo-
cal temperature. However, even 
with relatively low temperatures 
(<40ºC) applied for sufficient pe-
riods of time, it is evident that an 
immediate contraction of collagen 
fibrils occurs, leading to significant 
improvements in the skin’s textural 
appearance.

Activation zones
It is clear that the heating of skin 
induces a number of reactions, in-
cluding HSP expression and tissue 
denaturation. These processes are 
triggered at different temperatures 
and result in various outcomes at 
various rates. 

In addition to the wound-heal-
ing response and vasodilation, at 
least four heat-related processes are 
evident: immediate collagen fibril 
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Graph demon-
strating different 
temperatures trig-
gering reactions at 
different rates.

Below: Results im-
mediately follow-
ing a ten minute RF 
session on the right 
hand side of the 
face—around the 
eye and forehead. 
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contraction; HSP expression; col-
lagen denaturation; and fibroblast 
stimulation

The rate of collagen denatura-
tion depends exponentially on the 
temperature—for low tempera-
tures, the rate is slow and the HSP 
expression dominates. As the tem-
perature increases, the rate of de-
naturation becomes too fast for the 
HSP processes to repair the dam-
age and the collagen breakdown 
process dominates.

Clinical results
Treatment was carried out using 
Omniface RF—a non-ablative, bi-
polar system and a multi-tip, frac-
tional bi-polar system in one unit.

The author, Dr Murphy, re-
ceived treatment on the non-ab-
lative, non-fractional setting at 
2MHz in a continuous mode at a 
power of 14W over a period of less 
than ten minutes (see image on op-
posite pag). A sweeping motion was 
employed on the skin surface to de-
liver current and heat the underly-

ing tissues. No pain was felt during 
the procedure indicating relatively 
low temperatures (<40ºC). There 
were no visible signs of erythema 
or oedema, yet instantaneous skin 
tightening was evident around and 
above the right eye.

A 68 year old female patient re-
ceived one session of non-fractional 
treatment to her neck. A continu-
ous power of 22W at 2MHz was 
applied in a continuous sweeping 
motion over a 30 minute session. 
The immediate tightening of the 
dermal collagen was evident with a 
noticeable reduction in the appear-
ance of the wrinkles.

While this is a relatively short-
term improvement, the fibroblasts 
in the reticular dermis will also 
have been stimulated. This will 
result in neocollagenesis in the 
following weeks and months. Fi-
broblasts typically take around six 
weeks before reaching the peak of 
collagen synthesis but can continue 
this process for up to nine months 
post-treatment.

The neck of an 89 year old fe-
male patient was treated with a 
continuous 19W and 2MHz for 
20 minutes. There was immediate 
improvement in the recessed area 
at the base of the neck, in addition 
to a significant improvement in the 
appearance of the deep wrinkles. 
Further treatments will improve 
the appearance over subsequent 
months. 

RF energy may be applied to 
the skin resulting in instantane-
ous collagen shrinkage, collagen 
denaturation, neocollagenesis and 
dermal remodelling. At low ener-
gies the results are mainly due to 
HSP expression, while higher en-
ergies cause more thermal damage 
and tissue denaturation. However, 
good clinical results are obtainable 
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Left: Before and 
after one applica-
tion of RF energy 
to a 68 year old 
female’s neck

Below left: Results 
showing immedi-
ate improvement 
in the neck of an 
89-year old female 
following one RF 
treatment. 

using both processes with different 
levels of pain and outcomes.
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