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Abstract 
It is shown that modulation of subcutaneous white adipose tissue (sWAT) volume after application 
of different physical factors in body contouring procedures cannot be characterized by a single 
physiological reaction with dispersed reaction times, supposing that several different dynamic 
processes with different characteristic reaction times must be involved. Quick modulation of 
sWAT with characteristic times of 103 - 105 s must be connected with such processes as hyalu-
ronan production and consequent water retention in the tissue, as well as with reversible modula-
tion of its mechanical properties. It is supposed that slow processes with characteristic times of up 
to 3 × 106 s can be caused by modulation of lipolytic activity of adipocytes through changes in their 
micro-environment or through their transdifferentiation, as well as through death and removal of 
adipocytes from sWAT. 
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1. Introduction 
Non-invasive and minimally invasive procedures actually belong to the main field of interest in aesthetic medi-
cine. Classification of these procedures is normally determined according to the type of energy or energies they 
apply, e.g. ultrasound, infrared light, radio-frequency current, etc. Whereas application of every art of these en-
ergies demonstrate more or less pronounced (at least in some intervals) dose-effect dependence, very different 
distributions of absorbed energy in a given tissue of interest make it impossible to use the intensity of applied 
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energy as a unique unit to compare the treatment results. This makes any objective comparison of different 
treatment methods difficult, leaving much room for speculation, especially concerning the physiological and 
biophysical pathways of their realization. 

Subcutaneous white adipose tissue (sWAT) responds to different exogenous and endogenous factors with 
substantial modulation of its volume. This property is a core feature of sWAT, which is evidently or non-evi- 
dently used in different treatment methods in aesthetic medicine that are included in the group of so-called body 
contouring procedures. Moreover, while very different non-invasive methods in this field based on the applica- 
tion of various physical factors (e.g. constant and pulsed vacuums, RF currents, ultrasounds of different fre- 
quencies and intensities, heat and cold, light sources, etc.) demonstrate various dynamics of sWAT modulation, 
they often claim quantitatively comparable endpoint results, which clearly demonstrate that one or more non- 
specific reactions must be involved in this effect. 

Most theories proposed for different treatment methods of non-invasive body contouring assume at least one 
of two main mechanisms of sWAT modification-(apoptotic) cell death and/or (direct or indirect) stimulation of 
lipolysis—to be involved in observed sWAT volume modulation. Such an assumption seems to be necessary to 
ensure the prolonged effect of proposed treatment. At the same time, modulation of sWAT after such non-inva- 
sive, and some minimally invasive procedures can demonstrate very different characteristic reaction times 
needed to reach the endpoint, which can be the order of magnitude τ ~ 103 - 107 s. Additionally, such broad re-
action time intervals point to the fact that not a single, but several, different physiological mechanisms must be 
involved in sWAT modulation and that these mechanisms are not necessarily connected with a simple cell death. 
Thus, the objective theory of body contouring must explain both the following phenomena: 1) the existence of a 
non-specific component or components in sWAT reaction and 2) the very broad intervals between reaction times. 
This can make the analysis of characteristic reaction times of sWAT modulation after the application of different 
physical procedures an important instrument to differentiate possible physiological pathways in observed end-
point results. 

sWAT is a dynamic structure which has an average turnover rate of approximately 10% per year under nor-
mal conditions [1] [2], with a corresponding characteristic time of 10 years for full sWAT replacement. Assum-
ing that this turnover rate is similar for different regional sWAT depots and that at least 10% of adipocytes in a 
given local sWAT depot must be replaced to see any significant local volume modulation, the characteristic time 
of the natural remodelling process in this tissue can be estimated as τ ~ 3 × 107 s. Therefore, the observed vol-
ume modulation of sWAT after different body contouring procedures, which normally has much shorter charac-
teristic reaction times, is not primarily connected with common processes of sWAT remodelling and must have 
other causes. 

This raises the following questions: 1) How many and which physiological processes are responsible for a 
broad spectrum of reaction times in sWAT? 2) Which of these processes are responsible for a non-specific reac-
tion of sWAT to different physical factors? 

At the very least, a general theory of body contouring must take into account the following relevant properties 
of sWAT which have been formulated and investigated in recent years: 
- Structural and physiological differences between hypertrophic and hyperplastic types of sWAT (see e.g. [1] 

[2]), which naturally suppose the existence of distinct reactions of these types of sWAT to the same physical 
modalities [3]; 

- Special mechanical [4] [5] and viscoelastic [6] [7] properties of sWAT, which can be easily modified 
through the application of compression, shear stress and heating; 

- Accumulation of hyaluronan (HA), and consequent of bounded water, in hypertrophic sWAT, demonstrating 
significant correlation with its degree of hypertrophy [8] [9], which can be responsible for the appearance of 
lipolytically resistant fat depots and play an important role in modulation of the thermo-mechanical proper-
ties of sWAT; 

- Existence of local fibrosis (inter- or pericellular) in hypertrophic sWAT [10], which is evidently involved in 
the mechanical stability of sWAT [4] [5], can play an important role in the pathophysiology of cellulite [11] 
and also be modified through the application of different physical factors; 

- Reversible processes of transdifferentiation between different types of adipocytes in sWAT (see e.g. [12]), as 
well as the production of “beige” adipocytes de novo [13], which can significantly modulate the volume and 
metabolic activity of sWAT. 

These properties of sWAT are essential for the description of diverse effects observed in various procedures 
of body contouring as well as for making some non-obvious predictions in this field. Physiological pathways 
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connected with these properties have different dynamic characteristics which can be sub-divided into quick and 
slow processes for classification purposes. 

2. Quick Dynamics of sWAT Volume Modulation 
Quick sWAT volume modification in response to different mechanical and thermic factors can be developed 
during several minutes up to one day (characteristic reaction times of τ ~ 103 - 105 s) and it must normally be 
connected with some non-specific reaction or reactions, since such modification can be observed by applying 
very different physical factors to the same local sWAT. This quick non-specific reaction cannot be caused by 
true fat tissue reduction through direct damage and destruction of adipocytes, through activation of delayed 
apoptotic cell death or through local activation of lipolysis in sWAT. All of these processes cannot be responsi-
ble for significant volume modulation, which is often observed immediately after a single treatment and can 
reach a value of over 1000 cm3. 

2.1. Modulation of Hyaluronan Content in sWAT 
As was proposed in [3] [14], this substantially non-specific quick reaction of sWAT could be connected with a 
local reduction of water content and is primarily dependent on significant regulation of hyaluronan (HA) content 
in a hypertrophic fat tissue. Such a mechanism evidently supposes different reactions of sWAT of different 
morphological structures, especially those of hypertrophic and normal or hyperplastic types, to the same physi-
cal factors. 

HA has several remarkable physical properties, making its modulation important in body contouring. Among 
them are: 
- High hydration and water retention capacities, which provide high osmotic pressure and allow quick regula-

tion of tissue turgor, which correlates with modulation of sWAT volume; 
- Very short turnover times, allowing quick regulation and adaptation of the thermo-mechanical properties of 

the tissue; 
- High viscosity of HA solution which rapidly increases with HA concentration, c (approximately as c3.3) and 

can offer high resistance to a bulk water flow in sWAT; 
- Pronounced shear dependent viscoelastic properties with low relaxation times, creating the possibility of a 

quick adaptation of HA containing system to a thermo-mechanical stress. 
Because of the high HA turnover rate and its quick dynamic regulation, all these properties can be modified 

during very short times (minutes to hours). Additionally, HA turnover can be modulated through the application 
of different physical factors, which makes local adaptation of HA concentration (maybe, with fine tuning 
through modification of its molecular weight) an excellent candidate for a non-specific regulator with reactions 
observed during short characteristic times of τ ~ 103 - 105 s. 

2.2. Modulation of Mechanical Properties 
Although the majority of body contouring procedures declare the main goal of their application to be sWAT 
volume reduction, some of them claim to produce an increase in volume, which is supposed to be connected 
with the so-called “tightening” effect. Subcutaneous fat tissue permanently undergoes large deformations con-
nected with the application of different mechanical forces and reacts to those with modification of its structure. 
From a mechanical point of view, sWAT can be described as a heterogeneous medium consisting of lipid-filled 
adipocytes embedded in an extracellular matrix. This matrix contains intercellular (septae) and pericellular (re-
inforcement membrane) collagen structures, which have different spatial distributions [4] [11]. 

The mechanical characteristics of sWAT are mainly connected with its pericellular collagen structure, which 
can be described as so-called closed-cell foam: single adipocytes form discrete pockets surrounded by their 
membranes reinforced by pericellular collagen. Contrarily, intercellular collagen structures form the coarse- 
meshed opened-cell foam (the internal pockets are connected with each other), which is known to have much 
worse mechanical characteristics as a closed-cell structure. Additionally, the elastic shear modulus of triglyc-
erides in adipocytes is much lower than the total modulus of sWAT and can be also neglected if the mechanical 
properties of sWAT are considered [4]. The mechanical characteristics of this compound structure are strongly 
dependent on the relative density of the closed-cell structure, which is determined by adipocytes’ size distribu-
tion and by the thickness of the pericellular fibrous structure around them. 
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From the above, it is clear that a local re-distribution of cell sizes or reinforcement of pericellular structures 
can significantly shift the mechanical properties of sWAT. Mechanical properties of such a structure can be 
modulated by different physical factors, especially through the application of constant or cyclic mechanical 
stresses. Visible modulation of sWAT volume or of its stiffness demands, however, application of some critical 
number of stress-strain cycles, which corresponds to a critical local treatment time of one and the same body 
area. For example, the stiffness of sWAT can soar up to ten times after application of shear stress during 3 × 102 
- 103 s [7]. This treatment time is too long and will not normally be realized in dynamic body contouring meth-
ods were the applicators are moved over the body surface. This dramatic change of sWAT stiffness is reversible 
at least for relatively small strains and normally disappears with characteristic times of τ ~ 104 s. On the contrary, 
the application of higher deformations can demonstrate the opposite but generally also the reversible effect–re- 
duction of sWAT stiffness. Therefore, a quick mechanical modulation of sWAT volume is possible; however, it 
demands a prolonged local application of mechanical forces, which is almost never done in praxis, since it 
would dramatically increase the total treatment time of the applied procedure. Moreover, this sWAT modulation 
is reversible in almost all practical applications and will disappear during a very short time. 

Another example of a “tightening” procedure is connected with the local application of an RF current. Colla-
gen denaturation normally associated with its “shrinkage” was proposed to be the main effect of RF heating re-
sponsible for observed tissue tightening. However, the detailed analysis of this phenomenon leads to the conclu-
sion that such an effect cannot be realised in vivo in an absolute majority of all treatment modalities [15] and 
that the observed shortcoming sWAT modulation can be connected with a local HA accumulation which is ob-
served even during mild hyperthermia [16]. 

3. Slow Dynamics of sWAT Volume Modulation 
Slow dynamic component of sWAT modification has a characteristic time of 1 - 4 weeks (τ ~ 5 × 105 - 3 × 106 s) 
and can be connected with 1) modulation of lipolytic activity of adipocytes through a change in their micro-en- 
vironment or through their transdifferentiation, 2) adipocytes’ death and their removal from sWAT. 

3.1. Modification of Lipolytic Activity 
Local accumulation of HA in a vicinity of adipocytes is a hallmark of hypertrophic fat tissue [3] [8]. This accu-
mulation was linked with different processes; among others, with those such as space filling, cell motility and 
adhesion, cell growth and differentiation. Significant accumulation of HA in a hypertrophic fat tissue was meas-
ured in animals fed with a high concentration of both glucose [8] and fat [9]. These studies demonstrated ap-
proximately a 3.5-fold and 2-fold increase of HA concentration in fat tissue, respectively. Such an increase of 
HA content results in significant accumulation of bounded water in hypertrophic sWAT and can lead to a reduc-
tion of AQP7 channels in adipocytes which are responsible both for water exchange and for glycerol efflux from 
these cells. A remarkable difference in AQP7 numbers in adipocytes was demonstrated between patients with 
normal BMI and in obesity [17] [18]. Such a deficiency of AQP7 in hypertrophic adipocytes can lead to sealing 
of adipocytes, making fat tissue more lipolytically resistant [3] and thus reducing its responsiveness to different 
stimulation procedures. 

Although this HA accumulation is not microscopically spatially homogeneous and must be the highest in the 
vicinity of most hypertrophic adipocytes, this effect can tremendously modulate the total local metabolic activity 
of sWAT. To increase the lipolytic sensitivity of sWAT, its local HA content must first be significantly reduced, 
opening the limited timeframe for further metabolic stimulation of this tissue. Theoretically, the optimal treat-
ment strategy based on these processes was described as TWL in [3]. It’s most important feature is that any op-
timal treatment procedure must contain different treatment steps which should be provided one after another 
without overlapping, thus making the simultaneous application of different physical factors in one session less 
effective. 

Concentration of HA in every tissue is balanced between the processes of its synthesis (through hyaluronan 
synthases, HAS) and degradation (through hyaluronidases, HYD). To reduce HA in sWAT for some sufficient 
time to cause its drainage and subsequent structural and/or metabolic changes, it would be necessary to either 
stimulate the production of HYD or suppress the activity of HAS, which is, for example, the case after applica-
tion of different glucocorticoids (GC). If HA depletion in sWAT can really lead to a rapid sWAT volume reduc-
tion, then both GC and HYD application must demonstrate direct effect onto the fat mass (Figure 1). 



I. L. Kruglikov 
 

 
111 

 
Figure 1. Dynamic balance of hyaluronan (HA): HA is produced by 
hyaluronan synthases (HYS) and is degraded by hyaluronidases (HYD). 
PEGPH20 is the pegylated form of hyaluronidase PH20 which can be 
used for prolonged intra-venous application of HYD and which effect 
onto the fat tissue was investigated in [9]; GC is a glucocorticoid, 
which can directly suppress the HYS activity [19] and can cause local 
tissue atrophy.                                               

3.2. Effect of Glucocorticoids on Lipolysis 
Application of GCs remains the first-line therapy in treatment of different inflammatory diseases in dermatology; 
it is also widely used in treatment of local pain. At the same time, this method demonstrates some severe adverse 
effects, among them skin atrophy. Another adverse effect, which can be often seen after subcutaneous injections 
of GCs, is local fat tissue atrophy. 

Reports about the effects of GCs on adipose tissue are very contradictive, which is mainly connected with 
different physiological pathways involved in their metabolism [20]. Surprisingly, chronic GC exposure can 
stimulate both lipolysis and adipogenesis [21]. On the contrary, it is well known that direct GC treatment can 
cause elevated levels of circulating free fatty acids (FFAs) in plasma. This lipolytic activity of GC was long 
considered to be realized through genomic transcription. However, as was demonstrated in [19], GCs can di-
rectly stimulate lipolysis in adipocytes: application of dexamethasone caused lipolysis in a dose and time de-
pendent manner and this stimulation could effectively be suppressed by direct application of GC receptor an-
tagonists. It is significant that elevated FFA concentration in plasma, as well as glycerol release after dexa-
methasone treatment, correlated with increased lipase activity and with the intensity of lipolysis in vivo. There-
fore, it can be concluded that the lipolytic pathway of GCs action is realized through the liberation of FFA efflux 
from adipocytes which was otherwise hindered. 

Skin atrophy is considered to be a part of the natural aging process and it can be significantly enhanced by GC. 
It is well known that application of GCs over an extended period of time (normally several weeks) can lead to 
increased fragility, bruising and tearing of the skin. The side effects can be so severe that recently this condition 
received the special term “dermatoporosis” [22]. Additionally, it is known that GCs can reduce the proliferative 
activity of fibroblasts and decrease synthesis of collagen types I and III by these cells [23]. It can also signifi-
cantly reduce the hyaluronan (HA) content in the skin [24]. Recently it was demonstrated that the rapid reduc-
tion of skin HA levels after GC application is connected with reduced synthesis of HA (through suppression of 
HAS-2) and that GCs do not directly influence the HA degradation process [25] [26]. Suppression of HA pro-
duction, even after a short treatment period of just several days, can lead to a distinct reduction of HA levels in 
the skin and consequently to a substantial reduction of local water content in the treated areas. 

Taken together, the application of GC (especially in a form of its subcutaneous injection) can rapidly deplete 
HA content in hypertrophic sWAT, especially in pericellular areas of adipocytes. This can improve the efflux of 
glycerol and liberation of FFAs from metabolically sealed adipocytes, which can effectively and locally reduce 
the sWAT volume. 

3.3. Effect of Hyaluronidases on Lipolysis 
Normally, the HYDs have very short half-life time, e.g. less as 3 min for PH20, which is the only HYD being 
active by neutral pH values. This restricts the experimental and clinical possibilities for long-term HA reduction. 
Recently, the experiments for depletion of HA content were done with a pegylated form of PH20, so called 
PEGPH20 [9], which has the serum half-life time of over 10 hours. 
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To prove whether a long-term reduction of HA in fat tissue can really influence the deposition of triglycerides, 
the male C57BL/6 J mice were fed a chow or high fat (HF) diet (60% of calories as fat) for 16 - 20 weeks [9]. It 
was demonstrated that the HF group developed hypertrophic fat tissue. Concentration of HA in the HF diet 
group was found to be 2-fold of its control value. Both control and HF groups were chronically intravenously 
treated (9 injections every 3 days) with PEGPH20 at 10 mg/kg. The total time of this intervention was ~3 × 106 s, 
after which the content of HA in the tissue was almost completely depleted. As a result, the fat mass in these 
animals was totally decreased by approximately 35% and the significant reduction in the sizes of the adipocytes 
was revealed. It is significant that the observed fat reduction was not connected with the adipocytes’ death, since 
the number of crown-like structures observed around the adipocytes was significantly reduced in the treatment 
against the vehicle group. Although the correlation between HA content, adipocyte size and the number of 
AQP7 in single adipocytes was not measured directly, these results demonstrate the crucial importance of HA 
accumulation in fat tissue, pointing to the significant dependence of metabolic activity of hypertrophic fat tissue 
on its HA content. This effect indirectly supports the theory of resistant fat depots described in [3], which con-
nects the reduced lipolytic reaction in such depots with the hypertrophic nature of sWAT. 

In this sense, both GCs and HYDs provide the “washout” phenomenon, effectively reducing the HA and con-
sequently also the water content in the vicinity of hypertrophic adipocytes, thus producing a local “drainage” ef-
fect. This drainage effect was directly demonstrated in a combination of two body contouring methods [14]. At 
least for subjects with high BMI values there was a strong correlation between observed circumference reduc-
tion and total body water loss, which on average reached the value of 730 mL per 1 cm circumference reduction 
and which was registered at characteristic reaction times of τ ~ 3 × 103 s. 

Already this short analysis demonstrates significant differences in the homeostasis of hypertrophic and of 
normal/hyperplastic sWAT types. This must have a consequent impact on the reaction of these different types of 
sWAT to one and the same treatment procedure, making this phenomenon at least partly responsible for a well- 
known high inter-subject variability of treatment results. Consequently, the development of optimal treatment 
procedures for modulation of sWAT may demand the differential diagnostics of sWAT types. 

Since this is the principal item, we will summarize it once more, presenting different correlations which 
strongly support this picture (Table 1). 

It would be very unusual if these multiple correlations existed only as artefacts. Moreover, they reflect the ba-
sic physiological processes and fundamental differences of hypertrophic versus normal or hyperplastic fat tissue. 
This questions the general assumption about homogeneity of the patients’ cohort normally used in clinical stud-
ies into body contouring and demands much more critical evaluation of the common methods used for assess-
ment of treatment results. 

3.4. Characteristic Times of Adipocytes’ Death 
Not only a metabolic adaptation, but also the adipocyte death, can be directly responsible for slow dynamic 
component of sWAT modification. Indeed, dead adipocytes are removed from sWAT through macrophage 
phagocytosis, involving production of crown-like structures around the dead cells and lipid droplets [31]. The 
characteristic time for the removal of lipid droplets was determined, for example, in an inducible lipodystrophy 
model in the mouse, and it was estimated to be from several days up to 1 - 2 weeks [32] [33]. Additionally, one 
must take into account the eventual effect of delayed cell death which can have characteristic reaction times of 1 
- 2 weeks. For example, it was reported that 15 minutes of thermal exposure of sWAT to 43˚C - 45˚C can result 
in delayed adipocyte death of approximately 9 days [34]. Therefore, one can conclude that all significant modu-
lations of sWAT volume reaching their end point during time interval of 1 - 4 weeks can theoretically involve 
the adipocyte death or eventually some significant delayed lipolytic reaction of adipocytes. 

3.5. Transdifferentiation—Qualitative Change of sWAT Structure 
Characteristic reaction time of up to τ ~ 3 × 106 s is also reasonable for the reaction of transdifferentiation (so 
called “britening”) connected with the transformation of white adipocytes into a “beige” phenotype. Since 
“beige” cells are significantly smaller than the white adipocytes, such transdifferentiation can consequently re-
duce the sWAT volume [35]. It is important that such an effect can take place only if the total number of adipo-
cytes remains almost constant which was also demonstrated in [35]. Production of “beige” cells in humans is 
connected with activation of so called UCP1 gene, normally through cold exposure or through ß3-adrenergic  
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Table 1. Some correlations between the type of sWAT and its properties.                                         

Nr. Correlation Explanation 

1 
Spatial correlation between location of  
hypertrophic adipocytes and degree of  

lipolytic resistance of fat depots. 

Lipolytically more resistant sWAT in gluteo-femoral  
depots consists of bigger adipocytes comparing to lipolytically  

less resistant fat depots in other body areas [27]. 

2 
Spatial correlation between location of  

hypertrophic adipocytes and HA  
accumulation in fat tissue. 

There is a significantly higher accumulation of specific  
HA in hypertrophic fat tissue compared to normal fat tissue [8] [9]. 

3 Spatial correlation between HA content  
and fibrosis in hypertrophic fat tissue. Fibrosis is considered to be a hallmark of hypertrophic fat tissue [10]. 

4 Spatial correlation between HA content and  
induction of collagen types I and III in the tissue. 

This effect was clearly demonstrated e.g. by lung fibrosis, and it may  
be of primary significance for hypertrophic and keloid scarring [28]. 

5 
Possible correlation between accumulation  

of HA of some molecular weight with  
production of collagen types IV and VI. 

Such correlation looks to be very reasonable but it had not been investigated 
until now. If HAs really work as informational molecules [29], the molecular 
weight of HA stimulating production of collagen types IV and VI has to be  

different from that which induces fibrillar collagen types I and III. 

6 
Possible correlation between perivascular  

fibrosis and disturbances of  
micro-circulation in hypertrophic fat tissue. 

Although perivascular fibrosis in a hypertrophic fat tissue is well known [30]  
and can lead to restriction of vasodilation, its spatial correlation with the  
disturbance of micro-circulation in such tissue still has to be investigated. 

7 
Correlation between direct lipolytic effect  

of glucocorticoids (GC) and their  
ability to suppress the HA synthesis. 

GCs can quickly and effectively suppress the HA synthesis, which can  
be the main reason for their atrophic action [26]. On the other hand,  

GCs can directly stimulate lipolysis [19]. If these two effects  
are connected to each other, the lipolytic effect of GCs can be  
explained through removal of HA from adipocytes’ surfaces,  

which can temporally restore the lipolytic activity of these cells. 

8 Correlation between local depletion of HA through 
application of HYD and sWAT volume reduction. 

Chronic application of HYD leads to reduction of adipocytes’  
volumes without excessive death of these cells [9]. 

 
stimulation. This activation can take place in a timeframe of hours (up to 104 - 105 s). Without repeated treat-
ments, this “britening” effect is reversible and disappears during a characteristic time of approximately 4 - 5 
weeks (~3 × 106 s) [12]. Similar characteristic times were also reported for the mechanism of “beige” adipocytes 
production de novo [13], which can be the main mechanism in at least some types of sWAT. However, it is un-
certain as to whether such a mechanism would be important for the processes of body contouring. On the other 
hand, the same authors have demonstrated that, at least in some fat depots, a short cold application can surpris-
ingly cause excessive white adipogenesis, i.e. fat hyperplasia. It is not clear what could be the reason for such a 
phenomenon; maybe the short cold application time gives no possibility to develop the full “beige” reaction as 
in chronic cold applications [36]. It is necessary to remember here that “surprising” fat hyperplasia was reported 
as a rare but severe complication after cold application in body contouring procedure named “cryolipolysis”. 

Repeated application of UCP1 stimulation procedure causes not only the “britening” of the same adipocytes 
but also the recruitment of new cells. Once produced, the beige adipocytes can retain in sWAT for some charac-
teristic time. It was supposed that these cells are eliminated through normal sWAT turnover [36] with character-
istic times of at least τ ~ 3 × 107 s. This can be the case e.g. in “cryolipolysis”, where the first cold treatment 
would be needed to initiate the production of beige cells and the repeated treatments—to initiate the mechanism 
of thermogenesis in these cells. 

Through mechanism of transdifferentiation, a heterogeneous fat tissue structure containing the mixture of 
clusters of small “beige” and of large white cells in the same sWAT can be produced. The reason for such clus-
tering is not clear, but it evidently points to a limited spatial correlation radius of the involved process. Such a 
mixed structure has increased average lipolytic activity compared to pure sWAT, making such fat depots much 
more sensitive to forthcoming lipolytic stimulation. This forthcoming lipolytic stimulation must not be really 
done in a form of a special body contouring procedure, since it can be also caused by different pharmacological 
and nutritional agents through ß-adrenergic stimulation [37]. It is almost obvious that in the case of slow dy-
namic modulation of sWAT the simultaneous application of different treatment modalities can theoretically in-
crease the processes of transdifferentiation of adipocytes but cannot reduce the time to reach the endpoint of ob-
served reaction. This treatment sequence is, after TWL as a treatment strategy for quick sWAT volume modula-
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tion [3] [38], another example of a temporal schedule in body contouring, taking into account a succession of 
different and generally non-overlapping treatment steps, where every previous step must be completed before 
the next one starts. 

Production of spatial clusters containing adipocytes of different phenotypes can have another unexpected 
consequence for body contouring. These clusters can reach significant dimensions and sufficiently contribute to 
the development of non-homogeneous tension in fat tissue connected with its internal fibrosis. It is known that 
fibrosis (inter- and pericellular) is mainly developed in hypertrophic sWAT [10]. The appearance of fibrosis in 
the clusters of “beige” adipocytes must be very different from those in neighbouring clusters of hypertrophic 
white adipocytes, which can consequently produce additional tension on the boundary of such clusters. The 
consequence could be the skin appearance known as cellulite [11]. Interestingly, the yellow-brown colour which 
is typical for the “beige” adipocytes is often observed in body locations with cellulite [39]. 

4. Conclusion 
Modulation of sWAT volume after application of different physical factors in body contouring procedures can-
not be characterized by a single physiological reaction with dispersed reaction times. In contrast, several differ-
ent dynamic processes with different characteristic reaction times must be involved. Quick modulation of sWAT 
with characteristic times of 103 - 105 s must be connected with such processes as HA production and consequent 
water retention in the tissue. This modulation, by comparable amount of absorbed energy, is sufficiently inde-
pendent on the type of applied physical factor, providing the highly non-specific and normally temporally tran-
sient component of sWAT reaction. Slow processes with characteristic times of up to 3 × 106 s can be caused by 
modulation of lipolytic activity of adipocytes through change of their type or of their micro-environment as well 
as through the death and removal of adipocytes from sWAT. Dynamic analysis gives no possibility of differen-
tiating these reactions, meaning that different pathways can be responsible for similar endpoints in sWAT reac-
tion. 
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Abbrevations 

AQP—aquaglyceroporin,  
BMI—body mass index,  
FFAs—free fatty acids,  
GC—glycocorticoids,  
HA—hyaluronan,  
HAS—hyaluronan synthases,  
HYD—hyaluronidase,  
sWAT—subcutaneous white adipose tissue,  
PEGPH20—pegylated form of PH20,  
UCP—uncoupling protein.  
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