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Abstract: Laser surgery provides a number of advantages over conventional surgery. 

However, it implies large risks for sensitive tissue structures due to its characteristic  

non-tissue-specific ablation. The present study investigates the discrimination of nine 

different ex vivo tissue types by using uncorrected (raw) autofluorescence spectra for the 

development of a remote feedback control system for tissue-selective laser surgery. 

Autofluorescence spectra (excitation wavelength 377 ± 50 nm) were measured from nine 

different ex vivo tissue types, obtained from 15 domestic pig cadavers. For data analysis, a 

wavelength range between 450 nm and 650 nm was investigated. Principal Component 

Analysis (PCA) and Quadratic Discriminant Analysis (QDA) were used to discriminate the 
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tissue types. ROC analysis showed that PCA, followed by QDA, could differentiate all 

investigated tissue types with AUC results between 1.00 and 0.97. Sensitivity reached 

values between 93% and 100% and specificity values between 94% and 100%. This  

ex vivo study shows a high differentiation potential for physiological tissue types when 

performing autofluorescence spectroscopy followed by PCA and QDA. The uncorrected 

autofluorescence spectra are suitable for reliable tissue discrimination and have a high 

potential to meet the challenges necessary for an optical feedback system for tissue-specific 

laser surgery. 

Keywords: autofluorescence; fluorescence; laser ablation; laser surgery guidance; remote 

optical measurement; remote surgical methods; spectra analysis 

 

1. Introduction 

The advantages of laser surgery can be diminished by the lack of tactile feedback, which is crucial 

for controlling the ablation depth during laser surgery. The surgeon does not receive sufficient 

information about the penetration depth of the laser or the tissue type being ablated at the bottom of the 

cut. Hence, there is a risk of iatrogenic damage or of the destruction of anatomical structures like 

peripheral nerves. Especially in oral and maxillofacial surgery, this may result in major functional and 

aesthetic restrictions. 

The approach of the present study is the investigation of a fast method for tissue discrimination,  

for use in a real-time process control for laser surgery. Hence, no separation of tissue optical  

properties have been conducted in the processing of the spectra, as this would account for a higher  

computation time in the feedback-process. Autofluorescence spectroscopy is known to be a robust and 

straightforward approach to characterize physiological and pathological tissue [1–7]. Autofluorescence 

of tissues is caused by several endogenous fluorophores. These include fluorophores from tissue 

matrix molecules and intracellular molecules like collagen, elastin, keratin and NADH. Hence, the 

autofluorescence signal represents a superposition of diverse fluorescence emissions. Additionally, the 

autofluorescence signal is affected by the tissue’s light scattering and absorption properties. Light 

scattering is affected by tissue morphology, such as nuclear size, distribution, epithelial thickness and 

collagen content [8]. These properties are different and specific for each tissue type. However, there is 

only scarce information about the possibility of differentiating physiological tissues by means of 

fluorescence-based spectroscopy for remote surgical guidance. To realize real-time process control  

for laser surgery, it is important to use diagnostic methods that are highly time-efficient. To meet  

this requirement, uncorrected (raw) autofluorescence spectra were used in this study for an optical, 

non-contact tissue differentiation. 

Hence, the aim of this study was the realization of a robust remote process control for laser surgery, 

using information from tissue-derived autofluorescence spectra. An autofluorescence measurement 

setup was established to meet the conditions of surgical intervention in an operating room  

under clinical conditions: Measurement and analysis procedure have to reliably work even under 

adverse conditions, like: (I) deviations of measurement distances with concomitant change in signal 
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intensity, (II) ambient light and (III) the affect of superficial blood contamination on optical tissue 

characteristics [9]. 

2. Experimental Section 

2.1. Tissue Samples 

Autofluorescence spectra were acquired from nine different ex vivo tissue types: Cancellous bone, 

cortical bone, cartilage, fat, muscle, nerve, salivary gland, mucosa and skin. The tissue types were 

obtained from 15 domestic bisected pig heads (Table 1). A total of 135 tissue samples were examined 

within six hours post-mortem. Tissue samples with a dimension of 4 × 4 cm and a thickness of 5–7 mm 

were prepared, except for the nerve tissue samples, which were prepared with a length of 5 cm and an 

average diameter of 1 cm, due to their specific anatomical structure. In order to prepare the tissue 

samples with minimal iatrogenic damage to the tissue, a surgical scalpel was used. Superficial 

contamination and clotted blood particles were removed through careful manual rinsing with a 

physiological saline solution (0.9% NaCl). The tissue samples were permanently moistened after 

preparation and stored in an opaque box to avoid desiccation and subsequent altering of tissue-specific 

properties. The process of tissue preparation as well as the measurement of the spectra was conducted 

under a constant room temperature of 22 °C. Tissues were checked for pathological alterations due to 

local or systemic diseases before measurements were taken.  

Table 1. Number of measurements. 

Number of 

Tissue Types 

Number of 

Pigs 

Number of 

Tissue Samples 

per Tissue Type 

Number of 

Measurement Spots 

per Tissue Sample 

Number of 

Scans per Spot 

Number of 

Measurements 

9 15 1 3 30 12,150 

2.2. Experimental Setup 

The measurement setup (Figure 1) consisted of a light source (mercury lamp, 200 watts, Newport 

Spectra-Physics, Irvine, CA, USA) with a 377 nm band-pass filter for fluorescence excitation (±50 nm 

bandwidth) (Edmund Optics, Barrington, NJ, USA), a reflection/backscattering probe with six 

illumination fibers around one collection fiber with a numerical aperture of 0.22 ± 0.02 and a fiber 

diameter of 600 µm (QR600-7-SR-125BX, Ocean Optics Inc., Dunedin, FL, USA) and a spectrometer 

(USB2000-FLG, 380–1050 nm Ocean Optics Inc.) for collecting the autofluorescence spectra. 

2.3. Autofluorescence Collection 

We investigated the discrimination of nine ex vivo tissue types by using the uncorrected (raw) 

autofluorescence spectra in a wavelength range of 450–650 nm. During the measurement, each tissue 

sample was placed on matte black paper to avoid any reflection from the underlying surface. The 

excitation light spot of the probe had a diameter of 5 mm. To meet the requirements of clinical 

practice, the measurements were performed in contactless mode with a distance of 10 mm between the 

fiber probe and the tissue sample. The autofluorescence spectra were obtained from three different 
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measurement spots on each tissue sample. The distance between the single measurement spots was  

5 mm, to avoid any bias due to overlapping spots. For each measurement spot, 30 consecutive scans 

were recorded. Hence, a total of 1,350 spectra were obtained for each tissue type. The spectra 

acquisition was conducted with a computer working with the Spectra Suite spectrometer software from 

Ocean Optics, Inc. The following software settings were used: (1) integration time 4 ms; (2) scans to 

average 1 and (3) boxcar width 1. The experiments were performed under laboratory conditions in a 

dimmed environment with residual stray light. The ambient light was subtracted from the fluorescence 

spectra through a spectrometer correction function. Complete darkness was avoided, as such laboratory 

conditions would not meet the practical requirements for further clinical studies. 

Figure 1. Schematics of the experimental setup. 

 

To ensure the reproducibility of the measurements, the power of the excitation light source was 

checked and the wavelength was calibrated using a spectral calibration lamp. 

2.4. Data Processing 

For further statistical analysis, a wavelength range from 450 nm to 650 nm was considered. The 

excitation wavelength covered a range from 327 nm to 427 nm. Because the emission wavelength 

should start at least 10 to 20 nm away from the excitation wavelength, data analysis starts from  

450 nm. Over 650 nm, no prominent autofluorescence emissions were observed. The raw acquisition 

data were centered—for each of the wavelength measurement values, the mean of all measurements  

(at each specific wavelength) was subtracted from the measurement value. After pre-processing, the 

spectra used included 552 data points between 450 nm and 650 nm. 
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2.5. Statistical Analysis 

We determined the tissue type of each single measurement via quadratic discriminant analysis 

(QDA) [10]. Prior to training the QDA classifier, we reduced the number of variables through principal 

component analysis (PCA) [10]. This method determines so-called principal components, which are 

linear combinations of the original variables that are responsible for a decreasing part of the total 

scatter of all data, so that the first principal component is responsible for the largest amount of 

variability of all data. The second principal component describes the second largest amount and so on. 

Thus, a variable reduction is possible, although a very high amount of variation in all data can be 

described, e.g., using the first ten principal components. To determine the classes of all observations  

in a fair way, we performed leave-one-out cross validation. Using this method, observations of all  

but one pig were used to train the PCA and then perform a PCA transformation of these data. In an 

inner cross-validation loop, the optimal number of principal components for training the QDA was 

determined. This optimal number was then used to train a QDA. The tissue types of the observations of 

the pig excluded in the first step were predicted by calculating the determined PCA transformation of 

the measurements and then performing a QDA prediction, using the trained method. Leave-one-out 

cross validation means that we iterated this process for all pigs, so that we had predictions of tissue 

types of all measurements in the end. The classification performance was evaluated by using receiver 

operating characteristic analysis (ROC) for all pairwise tissue type comparisons, i.e., for example for 

the question how well fat was discriminated from nerve tissue. In an ROC curve, sensitivities and 

specificities for all possible thresholds are calculated and plotted, where the threshold determines the 

class membership (the tissue type) of the observation depending on the predicted class probabilities, 

which was calculated using the QDA. The optimal cutpoint for each pair of tissues (e.g., fat vs. nerve) 

is defined as the cutpoint maximizing the combination of sensitivity and specificity given in  

the Youden index (sensitivity + specificity − 1). All statistical calculations were performed  

using the statistical programming language R V2.13.1 [11], with the ipred V0.8-11 [12] and  

Daim V1.0.0 [13] packages. 

3. Results and Discussion 

3.1. Results 

Figure 2 shows the averaged autofluorescence spectra collected from the investigated tissue types 

(averaged over 900 measurements per tissue type). The measured autofluorescence spectra showed a 

superposition of broad emission peaks in the visible wavelength range with a maximum at 440–450 nm, 

and at 490 nm. 

As described earlier, the PCA transforms the data (autofluorescence measurements of all 

wavelengths) into linear combinations, so-called principal components (PCs). Depending on the  

cross-validation run, i.e., which pig was excluded when a PCA was calculated, 15–30 principal 

components (PCs) were determined to be optimal for tissue differentiation using QDA. For each 

principal component, so-called loadings are calculated. These loadings represent the coefficients that 

are used when measurement values of all wavelengths are combined to form the PC. Averaged over all 

15 cross-validation runs, the first five PCs were found to be responsible for 99.9% of the data 
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variation. The first principal component (PC1) is responsible for the greatest part of the variation. It 

described 96.0% of the variance of the autofluorescence spectra. The loading curve of PC1 was 

characterized by a broad peak with a maximum at about 480–500 nm. The contribution of PC2 and 

PC3 to the variance was 3.2% and 0.6%, respectively. The influence of hemoglobin was recognizable 

in the loading curve of PC4. Two peaks were distinguishable at 540 and 580 nm. However, PC4 was 

only responsible for 0.1% of the variance between the autofluorescence spectra of different tissue 

types. PC5 contributed 0.04% to the optical variance of the tissue types. Figure 3 shows the loadings of 

the first five principal components averaged over all cross-validation runs. These principal components 

are determined using observations of all but one pig and determine the PCA transformation of the data. 

Figure 2. Autofluorescence spectra (averaged over 900 measurements per tissue type), 

excitation wavelength: 377 ± 50 nm). 

 

Figure 3. Averaged loadings of the principal components PC1–PC5 determined in 15 

cross-validation runs. 
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In total, 94.8% of the observations were classified correctly. Nerve was classified correctly in 

96.7% of cases and it was falsely recognized as fat in only 42 cases and as mucosa in three cases. 

Muscle was misclassified most often—the classification accuracy was 90.9%. The sensitivity for nerve 

discrimination in the multiclass analysis yielded values between 96% and 100%. For the 

discrimination of nerve versus cancellous bone, the sensitivity was 100%. The specificity of tissue 

differentiation demonstrated between nerve and cancellous bone was 100%, between nerve and fat 

96%. For salivary glands, the sensitivity versus all other tissues was between 96% and 100%. Areas 

under the ROC curve (AUC) of all pairwise comparisons between tissues are given in Table 2, 

sensitivities are shown in Table 3, and specificities are given in Table 4. 

Table 2. Confusion matrix (total error 5.20%). 

 Tissue 

Classified as 
Cancellous 

Bone 
Cartilage 

Cortical 

Bone 
Fat Mucosa Muscle Nerve 

Salivary 

Gland 
Skin 

Cancellous 

bone 
1,348 0 0 9 0 31 0 0 18 

Cartilage 0 1,275 0 0 0 0 0 0 26 

Cortical bone 2 0 1,324 0 0 0 0 59 0 

Fat 0 0 0 1,254 16 37 42 1 0 

Mucosa 0 73 1 6 1,244 44 3 53 0 

Muscle 0 0 0 0 0 1,227 0 1 0 

Nerve 0 0 25 81 14 0 1,305 2 0 

Salivary gland 0 0 0 0 76 11 0 1,234 0 

Skin 0 2 0 0 0 0 0 0 1,306 

Classification 

Accuracy 
0.999 0.944 0.981 0.929 0.921 0.909 0.967 0.914 0.967 

Table 3. Areas under the ROC curve (AUC-ROC). 

 
Cancellous 

bone 
Cartilage 

Cortical 

bone 
Fat Mucosa Muscle Nerve 

Salivary 

gland 

Cartilage 1.00        

Cortical bone 1.00 1.00       

Fat 1.00 1.00 1.00      

Mucosa 1.00 0.99 1.00 1.00     

Muscle 1.00 1.00 1.00 1.00 0.99    

Nerve 1.00 1.00 0.99 0.99 1.00 1.00   

Salivary gland 1.00 1.00 1.00 1.00 0.97 1.00 1.00  

Skin 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Table 4. Sensitivity. 

 
Cancellous 

Bone 
Cartilage 

Cortical 

Bone 
Fat Mucosa Muscle Nerve 

Salivary 

Gland 

Cartilage 1.00        

Cortical bone 1.00 1.00       

Fat 1.00 1.00 1.00      

Mucosa 1.00 1.00 1.00 0.98     

Muscle 0.99 1.00 1.00 0.96 0.93    

Nerve 1.00 1.00 1.00 0.96 1.00 0.99   

Salivary gland 1.00 1.00 0.96 1.00 0.96 1.00 1.00  

Skin 1.00 0.98 1.00 1.00 1.00 1.00 1.00 1.00 

3.2. Discussion 

The first approaches in tissue differentiation for laser surgery showed valuable results [14–17]. 

Moreover, optical methods seem to meet the needs for the discrimination of tissues through a remote 

feedback control system, as it does not require direct contact with the tissues. Aside from the remote 

measurement of autofluorescence, the diffuse reflectance method yields promising results in  

real-time tissue discrimination [18–23]. Our workgroup positively evaluated the prospects of diffuse 

reflectance as a remote controlled feedback system for laser surgery in ex vivo [24–26] as  

well as in in vivo [27] studies. However, the crucial nerve/fat and nerve/salivary gland tissue pairs 

showed reduced discrimination abilities due to the biomorphological similarity of the two tissue types 

in ex vivo experiments [24,25]. An additional reason for the implementation of a remote measurement 

of autofluorescence parameters is the extension of the feedback method for laser surgery of 

pathological tissue. Here, the method of autofluorescence is well investigated in both ex vivo and in  

in vivo studies [5,6,28–30]. Research in this area suggests an enhancement in the identification of 

pathologies when combining autofluorescence and diffuse reflectance spectroscopy [7,31,32]. These 

studies focus on the pre-therapeutical detection of cancer tissues as a diagnostic instrument and do not 

yield on the transfer of this data to an intra-operative environment. In contrast, our aim was to evaluate 

the viability of tissue identification in a highly time efficient and precise way by using the uncorrected 

(raw) auto-fluorescence spectra for a real-time process control for intra-operative laser surgery as a 

therapeutical tool. Other works have yet demonstrated the feasibility of an intra-operative diagnostic 

and therapeutic instrument concerning brain tumors [33,34]. These studies however, work with the 

pre-operative application of 5-aminolevulinic acid-induced protoporphyrin IX fluorescence. The 

present study, however, focuses on an optimization of this method for an identification of tissues 

without the local or systemic application of optical enhancers. This will account for an easy and 

practicable implementation in a real-time laser ablation feedback mechanism without any potential 

additional harm for the patient. 

It has been proposed that the most relevant tissue-specific information is contained in its 

fluorophore concentrations. To reduce the effect of tissue scattering and absorption on the fluorescence 

signal, attempts have been made to eliminate the influence of optical tissue properties from the 

recorded autofluorescence signal, resulting in so-called intrinsic autofluorescence [35–38]. To estimate 

intrinsic fluorescence from the raw autofluorescence, the signal has to be corrected by the diffuse 
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reflectance signal. The simplest estimation is the division of autofluorescence spectra by diffuse 

reflectance to a variable power [7,32,38–40]. However, to realize real-time process control for  

laser surgery, the focus has to be on diagnostic methods that are highly time-efficient. Since an 

additional measurement of diffuse reflectance to correct the raw autofluorescence signal is rather  

time-consuming, the diagnostic potential of uncorrected (raw) autofluorescence spectra was evaluated 

for optical, non-contact tissue differentiation. This approach will be beneficial for fast signal 

processing within the context of real-time feedback control during laser surgery. Using the raw 

autofluorescence spectra, we acquired information on endogenous fluorophores, and additionally on 

the absorption and scattering properties of the investigated tissue types. This approach offers the 

opportunity to realize fast data processing as well as the acquisition of additional information from 

optical tissue properties that may support tissue discrimination. 

Using autofluorescence spectroscopy, different autofluorescence emissions for tissues can be used 

for tissue discrimination. To find an optimal excitation wavelength for all investigated tissue types, an 

autofluorescence excitation emission matrix (EEM) of the tissues was measured ex vivo [41]. The 

optimum excitation-emission for tissue differentiation (including all investigated tissue types) focused 

on an excitation wavelength of 370 nm. The risk of a cancerogenic impact on the tissue cells by the 

UV excitation light has to be considered as well. The carcinogenesis of UV radiation is primarily due 

to its absorption by nucleic acids. Investigations show that UV radiation at 297 nm is more than 170, 

340, 560, and 2000 times as effective in killing cells as 313, 325, 334, and 365 nm radiation, 

respectively [42]. Hence, this hazard potential was reduced by choosing a rather safe wavelength of 

377 nm for autofluorescence excitation. 

Through an excitation wavelength of 377 ± 50 nm, the autofluorescence from biological tissue is 

evoked through various endogenous fluorophores, such as collagen, elastin, keratin and NADH, which 

are known to contribute simultaneously to a global fluorescence signal in the form of a superposition. 

In the present study, the measured autofluorescence spectra show a superposition in the form of  

broad emission peaks in the visible wavelength range, with a maximum at 440–450 nm, and 490 nm 

(Figure 2). Aside from these fluorophores, other substances in the tissue components can also 

contribute to the fluorescence, such as retinoids or their oxidation products in lipids. Arachidonic acid, 

a polyunsaturated fatty acid that is present in phospholipids, is characterized by an excitation in a 

spectral range of 300–370 nm and a broad emission peak at 420 up to 550 nm, and at 470 nm [30]. 

One major optical absorber of biological tissue in the relevant visible wavelength range is  

oxy- (HbO2) and deoxyhemoglobin (Hb). Hemoglobin exhibits a typical band structure (Soret band), 

which shows an oxyhemoglobin absorption maxima at 414 nm, 540 and 578 nm [9]. The influence of 

hemoglobin on the measured autofluorescence spectra is observable in the form of shallow dips at 540 

and 580 nm (Figure 2). It was also detectable in the loading curve of PC4. However, PC4 was only 

responsible for 0.1% of the variance between the autofluorescence spectra of different tissue types. 

Hence, we suppose that for tissue differentiation, the tissue structure components play a greater role 

and the blood circulation plays a lesser role. However, under in vivo conditions, it can be possible to 

observe a major impact by the blood circulation. Concerning this assumption, further investigations  

are necessary. 

In the present study, a high discrimination performance was found for the investigated tissue  

types (classification accuracy 94.8%). Regarding the differentiation within the nerve/fat and 
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nerve/cancellous bone tissue pairs, the results play a crucial role in the feedback mechanism 

concerning bone surgery in the head and neck area. Peripheral nerves are encircled by fibrous 

connective tissue, which inherits a large amount of fatty tissue. Additionally, several nerve branches 

run through bony canals, i.e., the skull base or the lower jaw—e.g., preservation of the nervus 

alveolaris, running within the lower jaw, is an essential factor for successful surgery in this area. These 

nerve branches are surrounded by a cancellous bone lamella, indicating the beginning of the bony 

channel. For the discrimination of nerve vs. cancellous bone, the sensitivity was 100%, for nerve vs. fat 

96%. The specificity of tissue differentiation between nerve and cancellous bone demonstrated 100%, 

between nerve and fat 96% (Tables 4 and 5). Regarding the marginally lower sensitivity and 

specificity for the tissue pair nerve and fat, we assume that this is due to the bio-morphological 

similarity of the two tissue types [24]. Nerve fiber of the infraorbital nerve, acting as a nerve tissue 

sample in this study, is surrounded by a myelin sheath that contains 75% lipids (25% cholesterol, 20% 

galactocerebroside, 5% galactosulfatide, 50% phospholipids). On the other hand, lipocytes, the major 

cell population of fatty tissue, predominantly consist of lipids as well [43]. The compounds are 

triglycerides, cholesterol and other fatty acids [43]. Prior diffuse reflectance studies of our workgroup 

yielded a reduced differentiation potential with a sensitivity of 93% and a specificity of 91%, 

respectively [24]. However, the present study shows that autofluorescence can overcome the 

complicacy of reduced sensitivity and specificity in the tissue pair nerve/fat by exploiting tissue 

specific endogenous fluorophores. Thus, an enhancement of the discrimination ability with a 

sensitivity and specificity of 96% can be yielded in the crucial tissue pair nerve/fat. 

Table 5. Specificity. 

 
Cancellous 

Bone 
Cartilage 

Cortical 

Bone 
Fat Mucosa Muscle Nerve 

Salivary 

Gland 

Cartilage 1.00        

Cortical bone 1.00 1.00       

Fat 1.00 1.00 1.00      

Mucosa 1.00 0.95 0.99 0.99     

Muscle 0.99 1.00 0.98 1.00 1.00    

Nerve 1.00 1.00 0.98 0.96 0.98 1.00   

Salivary gland 1.00 1.00 1.00 1.00 0.94 0.94 1.00  

Skin 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

The differentiation between nerve and salivary gland is of major importance for maintaining 

functional and aesthetic integrity during facial surgery. The parotid gland surrounds the facial nerve, 

which divides into five segments within that gland. Thus, it is a challenge for the surgeon to prevent 

damage to the nervous tissue in this area. As phospholipids are contained in salivary gland tissue as 

well as in the superficial layers of the nervous tissue (epineurium) [44], there is a bioptic similarity 

between nervous tissue and the parotid gland. Halting laser ablation at this margin due to automatic 

differentiation will provide secure nerve protection. Diffuse reflectance data of the tissue pair 

nerve/salivary gland of a prior study showed declined sensitivity and specificity with 93% and  

84%, respectively [25]. However, the sensitivity and specificity for salivary gland versus nerve in  
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the autofluorescence measurements yielded perfect identification parameters of 100% for both  

(Tables 4 and 5). 

To meet the requirements of laser surgical procedures in real patients, the measurement conditions 

were adapted to the environment of an operation room. Complete darkness, which would avoid any 

bias from light sources others than the excitation light of the set-up, cannot meet these requirements. 

Hence, we chose a set-up with surrounding stray light to simulate an environment applicable for 

surgical procedures. Furthermore, a remote technique was used for the application of the excitation 

light and the acquisition of the autofluorescence spectra, to avoid hampering the advantages of the 

non-contact treatment mode of laser surgery. Hence, the measurements were performed with a distance 

of 10 mm between the fiber probe and the tissue surface to avoid any bias through mechanical pressure 

on the tissue samples. Applying measurement techniques in direct contact with the tissue is known to 

have an impact on optical properties in both in vivo and ex vivo studies [45–48]. Deviations in the 

measurement distance are not critical because of the preprocessing of spectra data. The principal 

components determined by PCA represent a linear combination of all wavelength intensities. Due to 

this reduction of the dimension, we are not concentrating on a single wavelength. The shape of the 

fluorescence signal remained similar in its character, even if the intensity varied. Thus, fluorescence 

intensity deviations within a tissue type are also not critical. This fact seems to be crucial for the 

application in the patient in a clinical environment. 

The promising results of this study have to be considered with care concerning some limitations:  

ex vivo tissue is similar but not identical to in vivo tissue, due to its decreased moisture and blood 

content, the missing circulation and its progressive oxygenation [49,50]. Thus, further research is 

necessary to transfer the technique to in vivo tissue, taking into account the influence of blood. Despite 

that fact, this study demonstrated the general suitability of tissue differentiation by means  

of uncorrected autofluorescence spectra influenced by the scattering and absorption properties of  

the tissue. 

4. Conclusions 

The results of this ex vivo study show the high differentiation potential for various tissue types, 

performing autofluorescence spectroscopy followed by PCA and QDA. The uncorrected 

autofluorescence spectra are suitable for reliable and fast tissue discrimination. The results of this 

study provide a base for real-time optical guidance for tissue-specific laser surgery based on the 

autofluorescence spectra of bio-tissue. 
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