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Supplementary information

Supplementary figure S1. Measurements of depth temperature profiles. For all three cycles measurement zmax shifts deeper into the tissue when cooling settings CS were raised from lowest to highest. (a) The sample was not sufficiently thermalized at room temperature (RT), as a result the peak temperature Tmax increases its intensity. (b) Peak temperature Tmax remained relatively constant, as sample was more thermalized at RT. (c) Highest thermalization of the sample at RT, Tmax decreases its intensity and shifts deeper with increasing CS, as predicted in theory1. (d) The penetration depth of the peak temperature zmax as a function of ht.

Description of arbitrary function parameters

In our case, parameter B was set to a constant value of 7. Parameters A and C were incrementally increased within a control flow statement (for-loop). The outer loop incremented the parameter C from 0.1 to 2 and the inner loop incremented parameter A from 0 to 15. Both parameters were incremented by a step of 0.1. By manipulating parameters A and C of the function, the bulk temperature Tbulk (at z=34 mm) also changed, whereas it had to be constant for all the generated temperature distributions Te(z). This effect on Tbulk was corrected for each Te(z) generated by introducing a parameter D [°C/mm], calculated as:

	
	
	(S1)

	
	
	


Where Tbulk_i stands for the bulk temperature after the parameters A and C were modified, Tbulk_f for desired bulk temperature, and zs for the thickness of the sample.

Estimation of DTP from in-vivo measurement 

To validate the core principle of estimation method, we employed a mathematical model that best described homogeneous tissue used in validation experiments. However, considering an in-vivo procedure, the estimation of the depth temperature profile (DTP) becomes a challenge. Hence, we adopted an in-vivo study, which best corresponds with our experimental conditions of laser-tissue interaction. In a study by Milanic et al.2, an estimation of DTPMCML was obtained by weighted Monte Carlo photon multi-layer procedure. We adopted the corresponding surface temperature response Tsurf_in-vivo(t), measured during the inactive period (refer to Milanic et al.2, Fig. 4a), and employed it as an input to our estimation algorithm. The mathematical model, used in our validation experiments, was further advanced to a more complex in-vivo model (IVM), whereas the same arbitrary function (equation (1)) was used to generate Te(z)’s. The IVM (see subsection In-vivo tissue model (IVM), equations (S2)–(S7)) was used to recalculate Tsurf_e(t). The environmental conditions, and tissue parameters were used as reported in this study2 and are listed in Table S1.
Combining the algorithm presented in Fig. 1 (of the main text) with Tsurf_in-vivo(t), the in-vivo DTPINV was estimated and compared to the DTPMCML. Figure S2a shows the Tsurf_e(t) that best fits to the real data.
The outcome of the estimation is presented in Fig. S2b. In this case the deviations between DTPMCML and DTPINV can be misleading, as both depth temperature profiles represent an estimation of the actual temperature distribution within the tissue. However, the shape of the estimated DTPinv90s (at tm = 90s ) reveales great similarity to MCML approach (Fig. S2b), which is well known to be the most used theoretical approach in this research field. From the comparison of the two DTPs we estimated a deviation of the peak temperature and position respectively, ΔTmax= 0.5 °C and Δzmax= 0.4 mm. 
In Fig. S2b we include an estimation of DTPINV30s, where a shorter measuring time tm of 30 s was used in the data matching function. Comparing it with DTPMCML, deviation in the peak was ΔTmax= 0.9 °C and Δzmax= 0.1 mm.


Supplementary figure S2. (a) Fitting of measured Tsurf_in-vivo(t) to a database calculated with IVM, using measuring time of 90 s. (b) Estimated DTPINV90s and DTPINV30s compared to the DTPMCML. 

In-vivo tissue model (IVM)

For estimation of DTP in case of in-vivo measurement, we present two-layer tissue model with two planar homogeneous layers representing skin (epidermis and dermis) and fat tissue. In a living tissue, a blood perfusion also attributes to overall heat exchange3, hence this effect was introduced to the 1D equation for calculations of temperature field T(z,t) evolution. The 1D bioheat-diffusion equation now reads as follows4:

	
 
	(S2)




Where stands for mass density,  for specific heat of tissue, and k for thermal conductivity. In a blood perfusion term the  represents specific heat of blood,  blood perfusion rate and Tb blood temperature. As the response of the vascular system to heat is temperature dependent below a certain threshold (TF), and it can be modeled with a temperature dependent scaling function, introduced by Drizdal et al. 5:

	
	(S3)



Where  accounts for the temperature depenceny of the blood perfusion rate, and  represents the steepness of the blood flow change (values listed in Table S1). In study of Milanic et al. 2, the interface boundary condition applied at the air–tissue boundary was modified, as radiative heat losses were attributed to heat-transfer coefficient hT (10 W/m2K). Air temperature Tair was 21 °C. The boundary condition now reads as follows:

	

	(S4)




At the skin-fat interface a boundary condition must also be considered. Therefore, we adopted a “conductivity matching condition” approach for finite difference scheme calculations of heat transfer problem, where a matching point lies at an interface6. Geometrical properties of each layer are listed in Table S1. When computing equation (S2), the following condition was applied at the boundary point:

	

	(S5)




Where the D represents diffusion of particular layer. Subscript “b” stands for boundary, “s” for skin, and “f” for fat. The two terms in equation (S5), are given by equation (S6) and (S7):
	

	(S6)


	


	(S7)




Where a “b-” in subscript denotes a region left of the boundary, and “b+” the region on the right of the boundary. Δx represents a distance between the two points.
For each layer, a thermal diffusivity D () was calculated with parameters specific for each layer: =3500 (J/kgK), =2870 (J/kgK), =1090 (kg/m3), =860 (kg/m3). For our calculations, the specific heat of blood =3800 (J/kgK)5, 7 and Tb= 37 °C were used 2. 

Supplementary table S1: Thermal and blood perfusion properties for in-vivo tissue model2.
	Layer
	D (m2/s)
	k (W/m2K)
	d (mm)
	
	 (°C2)
	TF (°C)
	 (kg/m3s)

	Skin
	1.07∙10-7
	0.41
	1.5
	10
	10
	44
	0.76

	Fat
	1.215∙10-7
	0.3
	36.5
	1
	12
	45
	0.22
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