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Sammanfattning 
Bakgrund och Mål: Under sköldkörtel- och bisköldkörteloperationer är det viktigt 

att inte förstöra eller ta bort friska bisköldkörtlar för att inte påverka deras 

hormonproduktionen. Bisköldkörtlarna kan vara svåra att upptäcka eftersom de kan 

variera i storlek och placering samt att deras vävnad kan vara lik omkringliggande 

vävnad. Målet med den här studien var att undersöka möjligheterna att identifiera 

bisköldkörtlarna med hjälp av deras autofluorescens i det nära infraröda 

våglängdsområdet. Det har också undersökts om optisk koherenstomografi kan 

användas för att identifiera olika vävnader i halsen. 

Material och Metod: Till den här studien har ett optiskt koherenstomografisystem 

som mäter signalerna i spektraldomänen används för att avbilda vävnadsprover. 

Bilderna har sedan segmenterats med två olika metoder, intensitetsbaserad och 

entropibaserad segmentering. Ett sätt att automatiskt räkna folliklarna utvecklades 

och jämfördes med visuell räkning på 10 bilder. Ett grafiskt användargränssnitt har 

också utvecklats för att visualisera bilderna. Autofluorescensen från 

bisköldkörtlarna och dess omkringliggande vävnader mättes med hjälp av ett 

fluorescensspektroskop och en laser med våglängden 785 nm. 

Resultat: Efter avbildning och segmentering var den strukturella informationen 

från sköldkörtel- och fettvävnad urskiljbar medan den inte var det för 

bisköldkörtel- och lymfnodsvävnad. Bilderna av sköldkörtelvävnaden visade runda 

folliklar som inte de andra vävnaderna i halsen hade. Bilderna av fettvävnad visade 

ett fint nätverk av kollagenfibrer som inneslöt fettceller. Bisköldkörtel- och 

lymfnodvävnad hade en homogen struktur. Segmentationen av bilderna bekräftade 

dessa resultat och gjorde det möjligt att mäta antal och storlek av folliklarna. För 

mätning och analys av folliklarna var den entropibaserade segmentationsmetoden 

bättre än den intensitetsbaserade metoden. Rms-felet för antalet folliklar som 

hittades i bilderna var 10,9 st vilket kan jämföras med medeltalet som var 12,3. 

Storlekarna på folliklarna varierade mellan 45 och 827 µm i diameter. Genom 

segmenteringen var folliklar och andra håligheter markerade med vit färg och den 

andra vävnaden var svart. Kvoten mellan andelen vit och svart färg i olika vävnader 

var 0,85 för sköldkörtelvävnad och 0,15 för fettvävnad. De andra vävnaderna hade 

en ratio som var nära 0. 

Användadet av autofluorescensdetektion av vävnadsproverna från bisköldkörtlar 

visade på en något högre intensitet än de flesta sköldkörtelvävnaderna. Vävnaderna 

från bisköldkörtlarna visade på en fluorescensintensitet mellan 108,13 och 834,09 

enheter med ett medianvärde av 161 medans sköldkörtelvävnaderna hade mellan 

9,81 och 192,68 enheter med ett medianvärde av 33. 

Slutsatser: Från bilderna av olika vävnader kan fett- och sköldkörtelvävnader 

identifieras. Antalet och storlekarna på folliklarna i sköldkörtelvävnad kan 

analyseras med hjälp av entropibaserad segmentering. Genom att använda 

fluorescensspektroskopi har bisköldkörtelvävnad generellt sett en högre 

autofluorescens än sköldkörtelvävnad men variationerna för mätningarna av 

bisköldkörtlarna varierade ganska mycket.   
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Abstract 
Background and Objectives: During thyroid and parathyroid surgery it is 

important to not damage or remove healthy parathyroid tissue in order to not disturb 

hormone production. The parathyroid glands can be difficult to find due to their 

variation in size, location and similarity to the surrounding tissue. The aim of this 

thesis was to investigate the possibility of identifying the parathyroid glands using 

their autofluorescence in the near-infrared region and optical coherence 

tomography (OCT). It has also been investigated if optical coherence tomography 

could be used for identification of different tissues in the neck.  

Material and Methods: For this study a spectral domain optical coherence 

tomography system was used to image the tissue samples. The images were 

segmented using two different segmentation methods, intensity based and entropy 

based segmentation. The follicles’ counts were derived and compared to the visual 

counting for 10 OCT image slices. A graphical user interface was developed to 

visualize the OCT images. The autofluorescence from the parathyroid glands and 

the surrounding tissue was measured with a near infrared fluorescence spectroscopy 

setup using a 785 nm laser for excitation.  

Results: With imaging and segmentation, thyroid and fat tissues had a 

distinguishable structural information while the parathyroid and lymph node tissues 

were similar. The thyroid tissue showed round shaped follicles compared to the 

other tissues in the neck. The images of fat tissue showed a fine network of collagen 

fibers enclosing lipid cells. Parathyroid and lymph node tissues had a homogenous 

structure. The segmentation made it possible to measure number and sizes of the 

follicles. For this application the entropy based segmentation was superior to the 

intensity based segmentation. The rms error for the number of follicles found in 

OCT thyroid images was 10.9 regions compared to the mean number of 12.3 

regions. The sizes of the follicles were in the range of 45 to 827 µm in diameter. 

Using the segmentation method the follicles and other cavities were marked with 

white and the other tissue was marked with black. The ratio between the white and 

black areas showed that thyroid tissue had a ratio of 0.85 and fat 0.15 while the 

other tissue types had a ratio of approximately 0. 

Using the autofluorescence detection the parathyroid tissue samples showed a 

slightly higher fluorescence intensity than most of the thyroid tissue samples. 

Parathyroid tissue showed a fluorescence intensity in a range of 108.13 to 834.09 

arbitrary units (median = 161) and thyroid tissue showed fluorescence intensity in 

a range of 9.81 to 192.68 arbitrary units (median = 33). 

Conclusions: From the OCT images fat and thyroid tissue could be identified and 

distinguished. The number and sizes of follicles in thyroid tissue could be analyzed 

using entropy based segmentation in the OCT images. Using fluorescence 

spectroscopy parathyroid tissue generally had a higher autofluorescence than 

thyroid tissue but the variation among the parathyroid samples was relatively large. 
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1 Introduction 
One of the major challenges during thyroid surgery is to save the parathyroid glands 

if the removal is not necessary. Since the thyroid and parathyroid glands are two of 

our most important organs when it comes to hormone production, the consequences 

of unnecessary removal can be quite devastating. It can be hard to discover the 

parathyroid glands during surgery due to their small size and variable locations. 

Traditionally the distinction between thyroid and parathyroid tissues is made with 

frozen-section analysis (1). The drawbacks with frozen-section analysis is that it is 

time-consuming and therefore expensive. In addition the tissue is removed from the 

patient in order to be diagnosed (1). In connection with surgery for removal of 

abnormal parathyroid glands, localization techniques such as ultrasound, computed 

tomography (CT), magnetic resonance imaging (MRI) and single photon emission 

computed tomography (SPECT) can be used (2, 3). Recently, optical imaging 

techniques such as optical coherence tomography (OCT) and optical coherence 

microscopy (OCM) have start to emerge in clinical applications (3). Furthermore it 

would be beneficial if the distinction between the tissues could be done in vivo 

without any removal of the tissues. Another desirable feature is the possibility to 

find and distinguish between different abnormalities of the thyroid gland.   

1.1 Aim 
The aim of this thesis is to investigate how identifying of the parathyroid glands 

can be done using optical methods. Possibilities to distinguish between different 

diseases of the thyroid will also be investigated. The optical methods that will be 

used is fluorescence spectroscopy and optical coherence tomography (OCT).  

1.1.1 Problem statements 
 Can parathyroid tissue be identified with OCT or fluorescence 

spectroscopy? 

 Is it possible to distinguish between different diseases of thyroid with OCT?  
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2 Theoretical background 
To give the reader a better understanding for the studies, a theoretical background 

regarding anatomy of the thyroid and parathyroid glands and principles of physics 

of light for fluorescence measurements will be presented. Also the principles for 

optical coherence tomography and fluorescence spectroscopy will be explained. 

2.1 The thyroid and parathyroid glands 
The thyroid is a hormone producing gland, shaped as an H with two lateral lobes 

which are connected with a small bridge called the isthmus (4). The size of the two 

lateral lobes is about 4 cm in length and 2 cm in width (5). The location of the 

thyroid is in the neck, just below the larynx (the voice box) and in front of the 

trachea (4). The parathyroid glands are located behind the thyroid gland (6), but the 

placement superior/inferior of the parathyroid glands can vary quite a lot (7). The 

placement of the thyroid and parathyroid glands can be seen in Figure 2.1. 

 

Figure 2.1 Placement of thyroid and parathyroid glands. 

Usually the parathyroid glands are four in number and divided into superior and 

inferior glands (7). Each lateral lobe of the thyroid gland has a pair of parathyroid 

glands, one superior and one inferior (7). Even though it is most common with four 

parathyroid glands people with three, five or six glands have been discovered too 

(2). Approximately 84 % of the human beings have four parathyroid glands and 

only 3 % have less than four (8) The parathyroid glands are about 4-6 mm in length 

and 2-4 mm in width (9), and with approximate weight of 40 mg each compared to 

the thyroid which weigh approximately 30 g (6). The diseased parathyroid may be 

enlarged to as much as 4 cm (9). 

2.1.1 Histology 
The tissues of the thyroid and the parathyroid glands have different structures. The 

thyroid tissue contains follicles which stores colloid, used in the hormone 

production (1, 10). The size of the follicles can vary from 30 µm (8) and up to 

500 µm (11) in diameter and are stored in groups of 20 to 40 in small lobules (8). 

In total there is about 3*106 follicles in a male thyroid (8). The parathyroid tissue is 

Trachea 

Back of thyroid 

Parathyroid  
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covered by a capsule and contains a homogenous tissue rather than follicles (10). 

The tissue in the parathyroid glands consists of epithelial cells, which forms the 

capsule and a connective tissue for structural support, stromal fat (12). 

2.1.2 Hormones 
Both the thyroid and the parathyroid glands are important for the production of 

hormones in the body. The thyroid hormones control the basal metabolic rate, the 

body temperature and the body growth (6). The thyroid produces two types of 

hormones, triiodothyronine (T3) and thyroxine (T4). The production of the 

hormones are controlled by the thyroid-stimulating hormone (TSH) from the 

pituitary gland which in turn is controlled by the thyroid-releasing hormone (TRH) 

from the hypothalamus (13). The relationship between the hypothalamus, pituitary 

gland and thyroid gland can be seen in Figure 2.2.  

 

Figure 2.2 Thyroid, pituitary, hypothalamus relationship in hormone production. 

T3 and T4 are synthesized by the follicular epithelial cells of the thyroid gland. The 

production of hormones requires iodine and the transport of iodine into the thyroid 

gland is the first step in the synthesis of thyroid hormones. The iodine is then 

oxidized, stored in the follicles in the thyroid gland as thyroglubin and released into 

the circulation as T3 and T4. (14)  

The hormones from the parathyroid glands control the levels of calcium, 

magnesium and phosphate ions in the blood (6), therefore unnecessary removal of 

the parathyroid glands can cause hypocalcemia which is the condition of too low 

levels of calcium in the body. This can lead to spasms in the muscles and ultimately 

to death (12). Calcium sensing receptors are responsible for the parathyroid 

hormone and calcitonin. These cells are available in thyroid, but in a less extent 

(15). 

  

Hypothalamus 
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Thyroid 

Pituitary 

TSH T3   T4 
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2.1.3 Diseases of thyroid 
Some diseases of the thyroid can cause symptoms such as enlargement of the gland 

and high or low levels of thyroid hormones in the blood (5). Other diseases such as 

tumors may not give any symptoms at all (5). All enlargements of the thyroid are 

called Goiter (4). 

One type of disease in the thyroid is cancer, but it is rather rare compared to other 

types of cancers (4). Different types of tumors, carcinomas, can occur in the thyroid 

gland and they can be either benign or malign (5). Approximately 80 % of the 

carcinomas are papillary carcinomas and are typically presented as a firm and solid 

nodule in ultrasound imaging (5). Another 10 % of the carcinomas are follicular 

carcinomas and can be histologically characterized by small follicles with poor 

colloid formation (5).  

Hyperthyroidism is another type of disease which is due to hyperactivity of the 

thyroid gland (14). During hyperthyroidism the stimulating hormone TSH from the 

pituitary gland falls below the normal levels (13). Just like cancer, hyperthyroidism 

can have various forms. The most common forms of hyperthyroidism are Graves’ 

disease, toxic multinodular goiter and toxic adenoma (14).  

Graves’ disease is the most common form of hyperthyroidism and is the cause for 

50-80% of the patients with hyperthyroidism (14). The disease is more common for 

females, about five times more, than males (5). Graves’ disease is an autoimmune 

disease where the body produces antibodies against the thyroid-stimulating 

hormone receptors on the thyroid gland (13). Due to this, the follicular cells get 

columnar (16) and start to produce high amounts of the thyroid hormones which 

circulates in the blood stream and affects most of the organs in the body (13). 

Graves’ disease is viewed as an autoimmune disease with unknown cause, but there 

is a familial predisposition and environmental factors such as tobacco use, stress, 

iodine exposure and infection may affect the up come of the disease as well (5).  

Hypothyroidism is the opposite of hyperthyroidism. During hypothyroidism the 

thyroid is not producing enough hormones and the metabolic rate decreases. When 

the levels of T3 and T4 decreases the levels of TSH increases as shown in Figure 

2.3. For children and infants hypothyroidism can result in slowing of growth 

development and mental retardation (5). The relationship between the pituitary 

gland and the thyroid gland during hyperthyroidism and hypothyroidism can be 

seen in Figure 2.3. 
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Figure 2.3 a) Hyperthyroidism and b) Hypothyroidism. 

2.1.4 Diseases of parathyroid 
Hyperparathyroidism is a hyper function in the parathyroid glands and can be 

classified as primary, secondary or tertiary. The primary hyperparathyroidism 

(PHPT) is due to increased production of parathyroid hormone from abnormal 

parathyroid glands, which is a result from disturbance in the normal feedback 

control from serum calcium. The secondary hyperparathyroidism occurs when the 

level of parathyroid hormones are increased as a compensation for hypocalcemic 

states. When the hyperparathyroidism gets chronical and the increased levels of 

calcium recurrence even after the underlying problem has been corrected one has 

reached the tertiary hyperparathyroidism. (8) 

Primary hyperparathyroidism is a common disorder and affects 0.1% to 0.3% of the 

human population with a higher possibility to occur in females than in males (8). 

Almost everyone with PHPT also has benign tumors, 85% have adenomas and 15% 

have one or multiple enlarged parathyroid glands (17). 

Hypoparathyroidism is often developed due to ischemia of the parathyroid glands 

and the most common cause is thyroid surgery. Decreased ionized calcium and 

increased neuromuscular excitability is two results from acute hypoparathyroidism. 

Due to this, patients can develop numbness and tingling in fingertips and around 

the mouth, but also mental symptoms such as anxiety, confusion and depression. 

(8)  

2.2 Physics of light 
Depending on the case, light can be seen as either the motion of a particle or a wave 

(18). This dualism was discovered by Albert Einstein in 1905 and is still seen as the 

most accurate model for light. The dualism refers to light as photons, which are 

packages of energy (18). When light is considered a wave it can be described by 

Maxwell’s equations (19). Maxwell’s equations state that light is electric and 

magnetic fields which oscillate perpendicular to each other as shown in Figure 2.4 

(19). The combination of the wave and particle phenomenon can be referred to as a 

wavicle, a particle without any rest mass (18).  
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Figure 2.4 Light as a wave with perpendicular electronic and magnetic fields. 

2.2.1 The electromagnetic spectrum 
The electromagnetic spectrum is the spectrum over the combined electric and 

magnetic fields from positive or negative electrical charges in oscillatory motion 

which the fields emanate from. The electromagnetic spectrum has seven different 

classifications which are gamma rays, x-rays, ultraviolet, visible light, infrared, 

microwaves, radio and television (18). These can be seen in Figure 2.5. 

 

 

Figure 2.5 The electromagnetic spectrum. 

2.3 Light interaction with tissue 
When light hits a matter it can interact with it in several different ways. Reflection, 

transmission (19), absorption or scattering (18). Which type of interaction that 

occurs depends on the incident angle, refraction index (19) or the size of the particle 

the light interacts with (18). Reflection and transmission can be explained by Snell’s 

law, shown in Equation 2.1 and Figure 2.6. Absorption and scattering are also 

shown in the figure. 
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Figure 2.6 Light interaction with tissue. 

 𝑛𝑖 sin 𝜃𝑖 =  𝑛𝑟 sin 𝜑 (2.1)  

where ni and nr are the refractive indices of the two media respectively. The 

refractive indices are defined as the speed of light in the medium compared with 

the speed of light in vacuum as in Equation 2.2 (18). 

 𝑛 =  
𝑐

𝑣
 (2.2)  

where v is the speed of light in the medium and c is the speed of light in vacuum. 

2.3.1 Absorption 
Absorption is the annihilation of energy when a photon interacts with matter (18). 

During absorption the energy from the photon is converted into heat or a new 

photon with lower frequency, this is called fluorescence (18). Chromophores are 

particles that control which wavelengths are absorbed and thereby how the 

spectrum from different matters look like (19). Absorption, as a function of 

intensity can be described by the Beer-Lambert law, see Equation 2.3. 

 𝐼(𝑥) =  𝐼0𝑒−𝜇𝑥 (2.3)  

where I0 is the initial intensity of the light, µ the absorption coefficient and x is the 

distance the light has traveled. The absorption coefficient is a measurement of how 

easy it is for a light beam to penetrate a medium and is defined as the distance over 

which the energy flux falls to e-1 of the initial energy (18). 

Absorption takes place when the energy of light is the same as the difference 

between two electronic or vibrational states in the atom or molecule. The energy of 

light is related to the frequency of the light (19). The energy dependency can be 

explained mathematically as in Equation 2.4. 

 ∆𝐸 = ℎ𝜈 (2.4)  

where ΔE is the difference in energy between the two states in the atom or molecule, 

h is Planck’s constant, 6.626*10-34Js and ν is the frequency of the light (19). A 
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consequence of this equation is that a matter can have different absorption 

coefficients for different wavelengths. 

2.3.2 Scattering 
Scattering can occur in three different ways: Rayleigh, Mie or Raman scattering. 

The distinction between the scattering types is made based on the ratio between the 

wavelength of the light and the size of the scattering item (18). 

Rayleigh scattering occurs when the wavelength of the light is larger than the 

particles it interacts with (18). It was discovered when the English mathematician 

John William Strutt Lord Rayleigh tried to figure out why the sky was blue and the 

sunset red and based his approximations on the assumption that the light interacted 

with items smaller than the wavelength (18). The Rayleigh scattering cross-section 

area can be described as in Equation 2.5.  

 
𝜎𝑅 =  

8𝜋3

3

(𝑛2 − 1)2

𝜆4𝑁2
 (2.5)  

where n is the refraction index, N is the density of molecules per unit volume at 

standard pressure and temperature. Equation 1.8 shows the 1/λ4 dependency which 

can be found in many tissue spectra. Mie scattering is the scattering that occurs 

when light interacts with particles of the same size as the wavelength of the light 

(18). 

Raman scattering is the inelastic scattering of a photon and sends out light of other 

wavelengths than the incoming light when it is scattered. The emitted wavelengths 

are connected to the vibrations of the molecules in the material which the light 

interacts with (18). 

2.4 Principles of fluorescence spectroscopy 
There are many different types of spectrometers but they all have the purpose to 

analyze the way light interacts with matter. The spectrum is a way to represent 

which electromagnetic radiation that have been absorbed or emitted by a sample. 

The spectrum can be represented in several different ways, such as a plot, a diagram 

or a list of wavelengths and intensities (19).  

2.4.1 Fluorescence 
Fluorescence is a consequence of absorption when the absorbed photon is converted 

into a new photon with lower energy (18). As explained in Equation 2.4 absorption 

in a specified matter can only occur for certain wavelengths. To illustrate different 

molecular processes that can occur in excited states, a Jablonski diagram is often 

used (20). An example of a Jablonski diagram can be seen in Figure 2.7.  
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Figure 2.7 Jablonski diagram. 

The singlet ground state and the first electronic state are denoted S0 and S1 in Figure 

2.7. Fluorophores can exist in a number of vibrational energy levels in each 

electronic state (20), denoted 0, 1, 2, etc. in Figure 2.7. Fluorescence typically 

occurs in less than 10-8s after the absorption of the photon (21). 

The shift in frequency between the original photons and the observed photons is 

called Stokes shift named after Professor George Gabriel Stokes. The characteristics 

of the Stokes shift can be used to analyze specific molecular information in a sample 

(21). 

2.4.2 Autofluorescence 
Autofluorescence is an inherit property of different biological structures including 

tissue. Most commonly this autofluorescence property occurs in the visible 

wavelength spectrum (22). The parathyroid glands have autofluorescence in the 

near-infrared (NIR) region and emit near-infrared light at wavelengths of 800-

950 nm when they are illuminated with light at 785 nm (23). The thyroid is reported 

to have autofluorescence, but less than the parathyroid glands (23). This, in 

combination with the fact that the muscles and fat surrounding the glands have no 

autofluorescence at all in that region of wavelengths, makes it possible to 

distinguish between the parathyroid glands and the surrounding tissues using 

fluorescence (23). The hypothesis is that the NIR autofluorescence originates from 

the calcium sensing receptor cells in the parathyroid (15). These receptor cells are 

present at the highest concentration in the parathyroid glands, at a lower 

concentration in the thyroid gland and are not present at all in other tissues in the 

neck (15). 
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2.5 Optical properties of tissues in the neck 
Depending on the structure and the existing chromophores, different tissues have 

different optical properties in terms of scattering, absorption, anisotropy factor and 

refractive index. These properties affect the diagnostic and therapeutic applications 

of light (24). For therapeutic applications the most important is the way the light is 

transmitted and for diagnostic applications both the transmittance and reflection 

from tissues are important (24). 

The different scattering and absorption properties can, according to Jacques (24), 

be calculated with Equation 2.6. 

 
𝜇′𝑠 =  𝑎 (

𝜆

500 [𝑛𝑚]
)

−𝑏

 (2.6)  

where a is the reduced scattering coefficient at wavelength 500 nm, b is the 

“scattering power” which characterizes the wavelength dependency of µ’s and λ is 

the wavelength (24). The variables a and b are tabulated values from Jacques (24), 

see Table 2.1, which also includes the resulting reduced scattering coefficient. The 

values for breast tissue are mean values for different types of breast tissues. 

Table 2.1 Values of a, b, the calculated µ’s and the refractive index, n, for different 

tissues. 

Tissue type a [cm-1] b µ's [cm-1] at 785nm n at ~1300 nm 

Breast tissue 18.2 1.230 9.955 - 

Liver 9.0 0.617 6.840 - 

Kidney 35.1 1.510 17.935 - 

Prostate 30.1 1.549 15.115 - 

Tumor 33.6 1.712 15.693 - 

Muscle 9.8 2.820 2.797 1.37 (25) 

Fat 14.1 0.530 11.139 1.47 (26) 

 

2.6 Principles of optical coherence tomography 
Optical coherence tomography (OCT) is a non-invasive, three-dimensional imaging 

technology analogous to ultrasound that uses light waves instead of sound waves 

(27, 28). The images from OCT display information of the structure in a sample, 

provided by backscattered light from the different layers in the sample (29). The 

morphological features of an OCT image have a strong correlation with those of 

histology (30). 

To compare OCT to ultrasound one can consider the situation when a narrow beam 

of light waves is pulsed towards a tissue sample, one can expect to see a train of 

echoes backscattered from the tissue, just like the case with sound waves in 

ultrasound imaging (31). Unfortunately, the speed of light is too high for the 

detectors to create a real-time detection of the echo pulse train (31). To solve this 

problem, the echo pulse train can be measured indirectly by using interferometry, 

which also has the benefit that the light does not need to be pulsed (31). Interference 

is a phenomenon that occurs when two light beams are combined and a new wave 
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pattern arises (27, 28). In OCT the interference between the sample and the 

reference beam limited by the coherence length of the used light source is measured. 

This is called low coherence interferometry (LCI) (27, 28). The coherence length 

of light is the length a luminous beam can travel within which the waves are still in 

phase (32). White light is incoherent and the longest coherence length can be 

obtained with laser light (32). The longer the coherence length, the closer the light 

wave is to a perfect sinusoidal wave. The difference between long and short 

coherence length of light can be seen in Figure 2.8. 

 

Figure 2.8 Long and short coherence length of light. 

In the figure, z is the direction in which the light beam travels, λ is the center 

wavelength of the light and dz is the axial resolution. The axial resolution can be 

described by Equation 2.7 where Δλ is the bandwidth of the light source (33). 

 
𝑑𝑧 =  

2ln (2)

𝜋

𝜆2

∆𝜆
 (2.7)  

The axial resolution of an OCT image depends on the coherence length of the light 

source. The coherence length of light is inversely proportional to its bandwidth and 

determines the axial resolution of the image and the penetration depth. A shorter 

coherence length gives a better axial resolution, but a lower penetration depth since 

the difference in optical path length between the sample and reference arm needs to 

be within the coherence length in order to get interference between the 

electromagnetic fields (34). 

The principle of interference can be explained by the simplified Low Coherence 

Michelson Interferometer as shown in Figure 2.9. The signal collected by the 

detector (red) is the result of interference between the signals coming from the 

sample and the reference mirror (blue). 

Long coherence length  light Short coherence length light 

z z 

λ λ 

dz 
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Figure 2.9 Interference in a Michelson Interferometer. 

In the Michelson interferometer in Figure 2.9, the light from the light source is 

divided by a beam splitter into two beams (28). One of the beams goes to the 

reference mirror and the other beam goes to the sample (30). The reference beam is 

reflected in a reference mirror at a known distance and the sample beam is reflected 

in different layers in the sample (30). When both the beam from the reference mirror 

and the beam from the sample return to the beam splitter, they are recombined (30). 

If the optical path lengths for the two beams are matched within the coherence 

length of the light source, an interference pattern can be observed (28).  

The optical path length and the physical path length are not equal. The relationship 

between the physical path length L and the optical path length l in the two arms of 

the interferometer is as in Equation 2.8 (27) where n is the refractive index of the 

medium. 

 𝐿 = 2𝑛𝑙 (2.8)  

The OCT-systems can be based on different principles, time domain OCT and 

Fourier domain OCT (FD-OCT) (35). There are two types of FD-OCT; swept 

source OCT (SS-OCT) and spectral domain OCT (SD-OCT) (30). 

2.6.1 Time domain OCT 
In a time domain OCT system the intensity and interference of the backscattered 

light from different points within the sample are measured by a single-channel 

photo detector (36). By moving the reference mirror a continuous backscatter 

information along the depth is generated (30). Because the difference in optical path 

lengths between the reference and sample arms are limited by the coherence length 

the reference mirror is moved in order to match different depths in the sample (31). 

The principle of this system can be seen in Figure 2.10. 
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Figure 2.10 Principle of time domain OCT. 

In a TD-OCT system where the light source has a spectral profile with a mean wave 

number k0 and a spectral bandwidth in wave numbers of Δk, the detected power 

Pdetector(k) can be calculated using Equation 2.9 (31) 

𝑃𝑑𝑒𝑡𝑒𝑐𝑡𝑜𝑟(𝑘) =  𝑃𝑟𝑒𝑓(𝑘) +  𝑃𝑠𝑖𝑔(𝑘) + 2√𝑃𝑠𝑖𝑔(𝑘)𝑃𝑟𝑒𝑓(𝑘)cos (𝑘2(𝑥𝑟𝑒𝑓

− 𝑥𝑠𝑖𝑔)) 

(2.9)  

where Pref(k) and Psig(k) are powers of the collected light at wave number k from 

reference and sample arm, respectively. (xref - xsig) is the difference between the 

reference arm length and the sample arm length (31). 

2.6.2 Spectral domain OCT 
In contrast to the time domain OCT system, in an OCT system based on spectral 

domain there is no need to move the reference mirror mechanically. Instead the 

interference spectrum at the detection arm is measured by a spectrometer. The 

depth-scan information is then provided by taking the inverse Fourier transform of 

the spectrum (37). For SD-OCT the possible scan depth is limited by the range of 

spectral oscillation frequency that is detectable by the spectrometer A spectrometer 

with N elements can detect up to N/2 spectral oscillation periodicity (31). The 

principle for SD-OCT can be seen in Figure 2.11. 
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Figure 2.11 Principle of spectral domain OCT using a spectrometer as detector. 

2.6.3 Swept source OCT 
In swept source OCT the light source is different from other types of OCT. The 

light source is a rapidly tunable laser with a narrow wavelength spectrum (31) 

which is swept through a broad optical bandwidth (38). During a scan the laser is 

tuned so the wavelengths are varied linearly through the total optical bandwidth. 

The detector detects signals for each wavelength from the laser (31). Ideally, the 

system acquires signals at evenly spaced wavenumbers and as a consequence of 

this, the discrete Fourier transform can directly derive the depth-scan information 

from the sample (31). The principle of the SS-OCT system can be seen in Figure 

2.12 
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Figure 2.12 Principle of swept source OCT using a tunable laser as light source 

and a single wavelength photo detector. 

2.6.4 Resolution 
For imaging techniques the spatial resolution is an important measurement. The 

spatial resolution is the ability to distinguish two points as separated in space, the 

higher the spatial resolution the smaller the distance between the two points (39). 

The spatial resolution can then be divided into axial and lateral resolutions. The 

axial resolution is parallel to the light beam in OCT and sound beam in ultrasound 

while the lateral resolution is the resolution in the plane perpendicular to the 

imaging beam (39).  

OCT can provide images of tissue structures with the axial resolution of 1-10 µm 

and a penetration depth of 1-2 mm (27) or up to 15 mm (29). Due to the shorter 

wavelength of light the axial resolution of an OCT image is higher than an 

ultrasound image but the imaging depth is much lower (27, 29). For ultrasound the 

axial resolution is dependent on the frequency of the sound waves; as an example 

an ultrasound transducer with a frequency of 10 MHz yields a maximum axial 

resolution of 150 µm (34). The lateral resolution is dependent of the width of the 

beam and the depth of the imaging (39). A comparison between the axial resolution 

and imaging depth of OCT and some common imaging modalities of ultrasound, 

magnetic resonance imaging (MRI) and confocal microscopy can be seen in Figure 

2.13. 
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Figure 2.13 Comparison of resolution and imaging depth for OCT, ultrasound, MRI 

and confocal microscopy (29, 34).   

2.7 OCT imaging of tissue 
Different tissue types have different structures. These structures can be seen in OCT 

images and be used to categorize and identify the tissues. In the images from OCT 

the follicles in normal thyroid tissue can be seen as round shaped structures in 

varying sizes (1, 10, 11, 40). The diameter of the follicles in an image can vary 

between 30 (8) and 500 µm (11). In an OCT image it is possible to obtain the single-

layer epithelial cells that surround the follicle (11). If the thyroid is diseased with 

multinodular goiter, the images from OCT still show the follicles in various sizes, 

but the cellularity between the follicles are increased and the amount of colloid is 

decreased (11). 

A thyroid gland with follicular adenoma can be recognized in OCT images by the 

various sizes of the follicles. They can vary between 40 and 800 µm in diameter 

(11). When it comes to pappilary caricoma, which is a malignant disease, no 

follicles are present in the classic-type of the disease (11). The folicles are replaced 

by complex papillae, which are more homogenous tissues than follicles, but can 

still show some structure (11). Another structure that can appear in OCT images of 

the classic-type caricoma is the fibrovascular core of the papillae where a single 

layer of epithelial cells line the follicles with underlying stromal fibrosis (11).  

For the follicular variant of papillary caricoma, the nodular thyroid shows a 

homogenous structure with microfollicles, which have a size of about 50 µm in 

diameter (11). It can also be possible to distinguish a tumor in the thyroid tissue, 

since it often consists of densely packed micro-follicles, and can be separated from 

the normal follicles by a dense fibrous capsule (11, 41). 
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2.8 OCT image processing 
The OCT images need to be processed for improved quality and extraction of 

quantitative information. De-noising and segmentation can be used to achieve these 

goals. 

2.8.1 De-noising 
The OCT images often have a lot of speckles that can arise as a consequence of the 

coherence of the light used in the OCT (42). The coherence light in the OCT is 

limited by the spatial-frequency bandwidth, and in tissues which are highly 

backscattering the speckle is both a source of noise and a carrier of information 

(42). The noise in images limit the signal-to-noise ratio (SNR) and the contrast of 

the images. In order to decrease the amount of noise in the images, digital filters 

can be used. The optimal filter reduces the noise and preserves the sharpness of the 

edges. According to Ozcan et al adaptive Wiener filter and a shift-invariant, non-

orthogonal wavelet-transform-based filter gives the best result. (43)  

The Wiener filter is a mean square error estimator of the image and has been used 

since the early 1960s. The filter has the benefits of attenuating the low SNR 

frequency components and preserving the high SNR frequency components (44). 

For the adaptive Wiener filter the computations are made within a window centered 

on a pixel in the input image, the window is then moved so it is centered on each 

pixel in the image. The local statistics from all windows are then used to adaptively 

generate a pixel-wise Wiener filter (43). The shift-invariant, non-orthogonal 

wavelet transform filter is based on a transform called the à trous wavelet transform 

(43). 

2.8.2 Segmentation 
Segmentation of the OCT images can be useful if one wants to enclose specific 

structures in the images and analyze them. Jonathan Sun et al. have evaluated three 

different types of segmentation methods for OCT images, in order to segment breast 

cancer from healthy breast tissue (45).  

The first and simplest method is to apply an amplitude filter to an image based on 

a threshold which is predefined by the user (45). The other method is more 

complicated and is a texture-based segmentation (45). This algorithm is based on 

entropy which is an expression for the possibility for a certain state to occur in a 

system (46). For images, entropy can be used to characterize the texture of the 

image (47). Jonathan Sun et al. report to have achieved the best results using this 

method to analyze tumor and adipose tissue texture (45).   
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3 Materials and Methods 
The two main systems used were optical coherence tomography and fluorescence 

spectroscopy from which the signals and images were analyzed. The study did also 

require some patient material. 

3.1 Optical coherence tomography 
In order to distinguish between different tissues in the neck, OCT was used to create 

images of the tissue samples. For this purpose a spectral domain OCT system was 

used. The images were also post processed and analyzed using MATLAB®. 

3.1.1 The system 
The optical coherence tomography system was a spectral domain OCT and 

consisted of a computer, a probe and the tomography system itself. The OCT system 

(Telesto II, Thorlabs, Inc., USA) had a center wavelength of 1325 nm, a bandwidth 

of 170 nm, lateral and axial resolution of 13 respective 5.5 µm in air (29). The 

maximum imaging depth with this system was 3.5 mm and a linear InGaAs array-

based spectrometer was used (29); however, the actual imaging depth in the sample 

depends on the refractive index of that medium, see section 2.3. The different parts 

and the setup of the system can be seen in Figure 3.1. 

 

Figure 3.1 Setup of the OCT system used. 

In the software of the system it is possible to choose a number of different settings. 

During a 3D-scan one can choose where in the sample to perform the scan, how 

large the image size will be or the field of view (FOV) and the refractive index of 

the sample. The FOV in x- and y-direction is set by marking an area of the sample 

in the software, which makes it difficult to get equal settings every time. The depth 

scan parameters are predefined and dependent on the refractive index. One can also 

adjust the resolution of the image by changing the sizes of the pixels and the number 

of pixels in the image. Of course there are limits regarding how small the resolution 

can be. The settings used for most of the images were as shown in Table 3.1. 
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Table 3.1 Parameter settings in the OCT system. 

Parameter X Y Z 

Field of View [mm] ~2 ~2 1.61 

Pixel size [µm] ~5 ~4 3.55 

Number of pixels 400 456 455 

The user of the system can also change the refractive index in the settings to make 

the distance measurements correct since the optical path length is dependent of the 

refractive index. For measurements included in this thesis the refractive index was 

set to 1.4. 

The probe allows the user to adjust the reference light and the focus during scanning 

time in order to get the optimum image quality. The probe also has an integrated 

camera that provides live video imaging during the data acquisition. 

After the scanning session, the images can be stored in different formats and 

directions. All different directions and planes are shown in Figure 3.2. The direction 

of the images can be set to XY-plane, YZ-plane and XZ-plane. The last one is the 

most common one because it displays the depth information and is the plane the the 

scanning is performed in. The file format used for the images in this study was .JPG. 

 

Figure 3.2 Directions and planes for 3D-volumes. 

3.1.2 OCT imaging 
For the imaging of the samples, two different spacers were used, one for use in air 

and one oil immersion spacer. The oil immersion spacer had a closed glass end and 

could be pressed onto the sample and the spacer for use in air was open and just 

focused the light to the sample without touching it. During scanning, the samples 

were placed on a plate of glass and if the closed spacer was used the tissues were 

covered with a thin plastic foil so the oil could be used without contaminating the 

tissue samples.  

The samples were first scanned in 2D, and when all settings were set to give a 

good sharpness in the image the 3D-volume was scanned.  
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3.1.3 OCT image processing 
The images from the OCT system were processed in different ways in order to be 

visualized and analyzed. The processing was performed in MATLAB® version 

2014a. 

Filtering of the OCT-images was done using adaptive Wiener filtering created by 

the built in MATLAB®-function wiener2 which applies 2D adaptive Wiener filter 

to a 2D image. The function used a neighborhood, which was specified by the user, 

to calculate the standard deviation and the local mean in the image. Since the 

function filters only a 2D image and the OCT-images were in 3D, each XZ-plane 

in the image was filtered separately and then recombined. The size of the 

neighborhood was varied in order to find the optimal size for the OCT-images.  

The images were also filtered with a low pass Gaussian filter using the MATLAB®-

functions fspecial and imfilter. The function fspecial created a 2D-filter of specified 

type, in this case Gaussian, which then was applied to an image using imfilter.    

Images from the OCT were segmented, using the methods described in section 2.8.2 

Segmentation which was developed using MATLAB®. The segmentation was done 

to see if the information in the tissues could be quantified and images of thyroid 

tissues were especially chosen in order to investigate if the follicles could be 

segmented and if any conclusions could be made from number and sizes of the 

follicles. The first algorithm, intensity segmentation was based on the MATLAB®-

function im2bw which created a binary image based on the intensity in the image 

and the threshold level defined by the user. The threshold was found by testing 

different values of level and visually evaluating them.  

The algorithm based on entropy and texture was developed using the MATLAB®-

functions entropyfilt, mat2gray, im2bw and bwareaopen. The function entropyfilt 

calculated the entropy of an image and returned the result as a matrix. This matrix 

was converted into a grayscale image by the function mat2gray. The function 

im2bw segmented the image based on a certain threshold level, determined by the 

user. With the MATLAB®-function regionprops the number of regions and the 

areas of the regions were calculated. This function calculated the regions from the 

true values in the image, i.e. the white regions. Since the image in this stage had 

hypointense (dark) regions where the follicles were located and the hyperintense 

(white) structure around them, the images were inverted in order to perform the 

region calculations on the follicles instead. 

To remove the regions in the image that were too small to be a follicle the function 

bwareaopen was used. The function removed all the regions that were smaller than 

a certain number of pixels, P. To find the best level for im2bw and size of regions 

to remove, 20 pairs of different combinations were visually evaluated on images 

segmented with the entropy based method. The resulting limit for regions to remove 

was then applied to the intensity based segmentation method as well to compare the 

results.  
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The area of the follicles was calculated by using the function regionprops which 

calculated the area of each region in pixels and the conversion to µm2 was done 

using Equation 3.1. As described in section 3.1.1 the pixel size in x-direction always 

was set to 2.53 µm and 3.55 µm in z-direction. 

 𝐴[µ𝑚2] =  𝐴[𝑝𝑖𝑥𝑒𝑙𝑠] ∗ 𝑝𝑖𝑥𝑒𝑙𝑠𝑖𝑧𝑒𝑥[µ𝑚] ∗ 𝑝𝑖𝑥𝑒𝑙𝑠𝑖𝑧𝑒𝑧[µ𝑚] (3.1)  

The function regionprops did also calculate the weighted centrum of every region. 

The weighted centrum is the centrum of mass and is the place where the balance in 

the region can be found if one wants to balance the region on a stick. A schematic 

of this principle can be seen in Figure 3.3 where the red dot marks the weighted 

centrum of the white region. The centrums of the regions were marked to ease the 

evaluation of the segmentation methods. 

 

Figure 3.3 Principle of weighted centrum in an asymmetric region. 

For the images segmented with entropy based method the ratio between the white 

and black regions was calculated to investigate if the relationship between hypo- 

and hyperintense regions could be used to identify tissues. First, the largest region 

for tissues imaged with the open spacer was removed in order to only perform the 

calculations on the tissue and not the air around. For tissues imaged with the oil 

immersion spacer no region was removed. The calculations were made from 

Equation 3.2. A ratio of 1 represents equal amount of hypo- and hyperintense 

regions and a ratio of 0 corresponds to only hypointense tissue. 

 
𝑅𝑎𝑡𝑖𝑜 =  

𝑇𝑜𝑡𝑎𝑙 𝑤ℎ𝑖𝑡𝑒 𝑎𝑟𝑒𝑎

𝑇𝑜𝑡𝑎𝑙 𝑏𝑙𝑎𝑐𝑘 𝑎𝑟𝑒𝑎
 

(3.2)  

Using MATLAB®, a graphical user interface (GUI) was developed. The GUI 

combines the features of visualizing a 3D-version of the images from a certain 

tissue sample and the entropy segmentation of a 2D-image from the tissue sample. 
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The development of the GUI was done by the feature guide in MATLAB®. This 

feature allowed the user to place image displays, textboxes, buttons, pop-up menus 

etc. in a window. The software behind the user interface was then coded using 

callback functions.  

The graphical user interface displayed three orthogonal slices of the 3D-image of a 

chosen tissue sample to the left in the window. In the middle of the GUI a panel 

with function buttons were located. In this panel one could choose tissue type and 

patient, how large part of the total volume one wants to visualize, where the slices 

in the 3D-volume will be located, the threshold level for the segmentation and the 

smallest region size in pixels one wants to keep. These parameters have default 

values, which are used if the user does not set any other values.  

The segmentation images are displayed to the right of the panel. In the top the 

original image is shown. Below that, the entropy segmented image is shown 

together with the ratio value, number of detected regions and the average size of the 

regions. 

3.2 Fluorescence spectroscopy 
Fluorescence spectroscopy was used to measure the resulting spectra from 

phantoms and different tissue samples when they were illuminated with laser light. 

The phantoms were used to evaluate the system performance and signal analysis. 

3.2.1 The system 
The fluorescence spectroscopy system consisted of a laser, a fiber optical probe, a 

spectrometer, filters and a computer. The laser was a near-infrared laser with an 

emitting wavelength at 785 nm and a maximum power of 80 mW. The probe had 

several fibers for collecting and emitting light. The collecting fiber was located in 

the middle of the probe with the six emitting fibers around it, this can be seen in 

Figure 3.4. The spectrometer, (Avantes) measured number of interactions from 

2000 different wavelengths between 582 and 1100 nm in the same amount of 

channels. 

The computer software to the spectrometer used was AvaSoft 8.0 which is also 

distributed by Avantes. In the software the user can adjust different settings. Two 

of the settings that can be regulated are the integration time and the number of 

averages. The integration time determines for how long the spectrometer captures 

light. A longer integration time gave a higher intensity of the signal. The optimum 

setting was to keep the integration time as high as possible without saturating the 

signal. Saturation of the signal occurs when the intensity was too high. For the 

spectrometer in this system saturation occurred after 64 000 photon counts, but 

according to the manufacture’s measurements with photon counts over 59 000 may 

contain faults. The number of averages could be changed if the user wants to 

average the spectra from a longer time than the integration time. Optical filters were 

used to reduce the effect of the reflected light from the laser in the fluorescence 

emission spectrum. The setup of the system can be seen in Figure 3.4.  
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Figure 3.4 Set up of the fluorescence spectroscopy system. 

3.2.2 The phantoms 
In order to create phantoms with similar scattering properties as thyroid and with 

different levels of fluorescence a solution with 20 % intralipid was used as 

scattering media and indocyanine green (ICG) as fluorescence agent. ICG has a 

similar fluorescence emission spectrum to that of the parathyroid glands. Since the 

scattering coefficient for thyroid tissue could not be found from the literature, it was 

estimated from Jacques’ Equation (24), Equation 2.6 on page 10 at the excitation 

wavelength 785 nm. 

To obtain the reduced scattering coefficient for thyroid tissue, scattering 

coefficients of the tissues from Table 2.1 were averaged, excluding muscle and fat 

tissues. The resulting µ’s was 13.1 cm-1. The scattering factor µs was calculated 

from Equation 3.3 

 𝜇′𝑠 =  𝜇𝑠(1 − 𝑔) (3.3)  

where g = 0.56 is the anisotropy factor (48). This results in a scattering coefficient 

µs with value 29.8 cm-1. The absorption coefficient is much less than the scattering 

coefficient and can therefore be ignored (24). The amount of intralipid 20% solution 

needed for the phantoms was then calculated from Equation 3.4 (49, 50) which 

results in a concentration of 5.88% of the 20%-solution. 

 𝜇𝑠 = 0.499 ∗ 𝑐𝑖𝑛𝑡𝑟𝑎𝑙𝑖𝑝𝑖𝑑[%] + 0.0458 (3.4)  

Four different amounts of ICG solution were prepared by diluting a stock solution 

of 5mg/ml. From the stock solution 0.2 ml was diluted with 1 ml DMSO and 1ml 

water to get a concentration of 0.5 mg/ml. From this, new stock solution of the 

phantoms was mixed as can be seen in Table 3.2. The fluorescence of the phantoms 

were then measured with the fluorescence spectroscopy system. The phantoms were 

stored in transparent, plastic, cone shaped Eppendorf bottles. To prevent the 

Collecting fiber 

Emission fibers 

Laser  785 nm 

Spectrometer 

Probe 

Computer 

Filters 



3 Materials and Methods 

 
24 

phantoms from photobleaching the bottles were covered with aluminum foil to 

avoid light exposure and then kept in refrigerator. 

Table 3.2 Preparation of phantoms. 

Phantom number VICG-solution [µl] Vintralipid [µl] Vphantom [µl] 

1 10 990 1000 

2 5 995 1000 

3 2 998 1000 

4 0.05 999.95 1000 

5 0 1000 1000 

3.2.3 Measurements 
The measurements on the phantoms and the different tissue samples were done 

under the same conditions and settings. The tissue samples were placed one by one 

on a glass plate and the phantoms were measured in their plastic bottles. Then the 

samples were illuminated with the probe. During the measurements, the room was 

darkened and the probe was held straight above and in contact with the samples. 

The tissue samples which were very thin were placed on black paper to prevent 

reflecting light from the background. 

All measurements were done with the same integration time and the same number 

of averages. The integration time was set to 500 ms and the number of average to 

2. The laser power at the probe tip was 20 mW. 

3.2.4 Data analysis 
The spectra from the fluorescence spectroscopy were saved in Excel®-files with 

the amount of photon counts for each wavelength. As there could also reflected 

light from the laser and the spectrometer be present in the autofluorescence region 

an estimation of the reflection signal from the phantom without ICG was done. The 

phantom was measured with different power outputs from the laser to get different 

measurement points. The reflection estimation for that specific wavelength was 

done by plotting the maximum reflection value at 785 nm against the reflection 

value at 822 nm for the measurements from the phantom without ICG (Figure 3.5). 

The equation between the points was estimated by curve fitting in Excel®, shown 

as a dashed red line in Figure 3.5 and is expressed in Equation 3.5. The goodness 

of fit of the equation was evaluated by the R2-value which is the square of the 

residuals of the data after the fit to the equation. In Equation 3.5 the R2-value was 

0.9281. 

 𝑦 =  0.9299 ∗ 𝑥0.4293 (3.5)  

In Equation 3.5, y is the number of counts at 822 nm and x is the number of counts 

at 785 nm. Equation 3.5 was then used to estimate the reflection at 822 nm for all 

tissue samples. By assuming that the reflection from all tissue samples ideally 

would fit this equation one can by measuring the maximum reflection estimate the 

amount of reflection at 822 nm. The estimated reflection at 822 nm was then 

subtracted from the measured value at 822 nm to extract the amount of fluorescence. 
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Figure 3.5 Reflection estimation of phantom without ICG. 

3.3 Patient material 
To be able to prove the concept of the measurements, ex vivo measurements were 

performed on human tissue specimens in the lab. Ethical approval from the local 

committee (Dnr 2014/452-32) was given and informed consent was received from 

all the patients. In Table 3.3 information of patient number (re-coded), tissue type, 

pathological status and the measurements that have been performed on the tissue 

samples are presented. Seven different patients with different diseases of the thyroid 

or the parathyroid glands were included. Four of the patients for thyroid tissue 

samples and three of the patients for parathyroid tissue samples. All tissue samples 

were stored in formalin and in the refrigerator between the different measurement 

occasions. 
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Table 3.3 Patient material. 

Patient number Tissue type Pathological status 

1 Thyroid Multinodular colloid goiter 

2 Thyroid Grave’s disease 

2 Fat None 

3 Parathyroid Suspected adenoma 

3 Fat None 

4 Thyroid  Benign, multinodular colloid goiter 

4 Fat None 

4 Lymph None 

4 Muscle None 

5 Parathyroid Adenoma/hyperplasia 

6 Thyroid Adenomatous 

6 Fat None 

7 Parathyroid Adenoma/hyperplasia 

 

3.3.1 Statistical analysis 
To verify and analyze the results a root-mean-square error (RMSE) was calculated 

for the entropy based segmentation method. This was done with Equation 3.6 where 

ŷt is the number of follicles detected by the segmentation algorithm and yt is the 

number of follicles counted visually and n is the number of slices. 

 

𝑅𝑀𝑆𝐸 = √
∑ (�̂�𝑡 − 𝑦𝑡)2𝑛

𝑡=1

𝑛
 (3.6)  

The error of the areas that were detected visually but not with segmentation was 

calculated according to Equation 3.7 where Areaseg is the segmented area and Areavis 

is the area visually detected. 

 
𝐸𝑟𝑟𝑜𝑟 =  

𝐴𝑟𝑒𝑎𝑣𝑖𝑠 − 𝐴𝑟𝑒𝑎𝑠𝑒𝑔

𝐴𝑟𝑒𝑎𝑣𝑖𝑠
 (3.1)  

Another statistical method used was the boxplot. The middle half of the 

measurements values are shown as a box, where the upper and lower quartiles 

represent the edges of the box and the median value is a line within the box. The 

maximum and minimum values are marked with lines outside the box and eventual 

extreme values are marked with crosses.  
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4 Results 
The results contain the images scanned in the optical coherence tomography system 

and the spectra measured from the fluorescence spectroscopy system. 

4.1 Optical coherence tomography images 
The OCT images are color-coded from black to white via orange, the colors 

correspond to the intensity of the backscattered light from the tissues where white 

is the highest and black the lowest intensity. Different tissues have different 

structures with different scattering properties and therefore their OCT images are 

different. Images of the different tissues are shown in the figures below. The images 

of thyroid and muscle have been scanned using the oil-immersion spacer described 

in section 3.1.2. The other tissues have been scanned with the spacer for application 

in air. In Figure 4.1 a) one can see the round shaped follicles as described in section 

2.7. Between the follicles the epithelial cells are observed.  

   

   

 

Figure 4.1 a) Thyroid tissue, b) parathyroid tissue, c) fat tissue, d) lymph node 

tissue and e) muscle tissue. 

For the different patients it was only thyroid tissue from patient 1 that showed clear 

follicles. The other patients showed a more homogenous structure with few 

follicles. Images from all patients can be seen in Figure 4.2. For the parathyroid 

tissue all patients showed a similar homogenous structure. The image processing 

was only performed on thyroid images from patient 1 since they were the only 

images with clearly visible follicles.  

a) b) 

c) d) 

e) 
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Figure 4.2 OCT images of thyroid tissue from patient a) 1, b) 2, c) 4 and d) 6. 

4.1.1 OCT image processing 
The results from the different image processing methods, filtering and segmentation 

are presented in this section together with the graphical user interface. 

Figure 4.3 and Figure 4.4 show images before and after using an adaptive Wiener 

filter. The size of the neighborhood was varied between 3, 5 and 9 pixels squared. 

Figure 4.3 a) shows the original image of thyroid tissue. One can see that the filtered 

images are less noisy but the sharpness is kept. The same original image filtered 

with a low-pass Gaussian filter gave the image as shown in Figure 4.5. 

  

Figure 4.3 a) Original OCT image and b) OCT image filtered with 3x3 size 

neighborhood. 

a) b) 

c) d) 

a) b) 
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Figure 4.4 OCT image filtered with a) 5x5 size neighborhood and b) 9x9 size 

neighborhood. 

 

Figure 4.5 OCT image filtered with Gaussian filter. 

Two segmentation methods were used for identifying the follicles in OCT images 

of thyroid tissue. The first method used was the intensity based method and the 

results from finding the best threshold level between 0.04 and 0.14 can be seen in 

Figure 4.6. The image highlighted with a black frame was the image with the best 

threshold level. The resulting segmentation image can be seen in Figure 4.7. The 

image is very noisy, but the follicles can be visually detected. By filtering the 

original image using the adaptive Wiener filter as described above the segmentation 

resulted in Figure 4.8. The segmented image in Figure 4.7 has 1777 white regions 

with an average area of 37.7 µm. With the filtered image as original image the 

number of regions decreased to 429 and the average diameter increased to 77.8 µm. 

a) b) 
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Figure 4.6 Intensity based segmentation with different threshold values. 

  

Figure 4.7 Intensity based segmentation a) original image and b) segmented image. 

Level = 0.04 Level = 0.06

Level = 0.08 Level = 0.1

Level = 0.12 Level = 0.14

 

a) b) 
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Figure 4.8 Intensity based segmentation a) original filtered image and b) 

segmented image. 

To find the optimal threshold and largest region size to remove, P for the entropy 

based segmentation different values were tested. The results from these tests are 

presented in Figure 4.9 below. For each level value the value of P increased from 

70 pixels to 230 pixel from the top to the bottom. The level value was changed from 

0.53 to 0.62 for each column. The red dots in the images mark the center of each 

region found by the algorithm. The image with the black frame is the image with 

the chosen values for further segmentation. 

  

a) b) 
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number of regions = 23

treshold0.53 & size 70

number of regions = 17

treshold0.56 & size 70
number of regions = 20

treshold0.53 & size 110

number of regions = 13

treshold0.56 & size 110

number of regions = 18

treshold0.53 & size 150

number of regions = 13

treshold0.56 & size 150

number of regions = 16

treshold0.53 & size 190

number of regions = 12

treshold0.56 & size 190
number of regions = 14

treshold0.53 & size 230

number of regions = 12

treshold0.56 & size 230

Level  0.53   0.56 

70 

110 

150 

190 

230 

 

P 
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Figure 4.9 Entropy based segmentation with different threshold values (level) and 

sizes of regions to remove (P). Red dots marked weighed centrum of each region. 

number of regions = 27

treshold0.59 & size 70

number of regions = 20

treshold0.62 & size 70

number of regions = 18

treshold0.62 & size 110

number of regions = 17

treshold0.59 & size 110number of regions = 13

treshold0.59 & size 150

number of regions = 15

treshold0.62 & size 150number of regions = 12

treshold0.59 & size 190

number of regions = 13

treshold0.62 & size 190number of regions = 10

treshold0.59 & size 230

number of regions = 12

treshold0.62 & size 230

Level  0.59   0.62 

70 

110 

150 

190 

230 

P 
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Figure 4.10 Entropy based segmentation of thyroid tissue, a) original image, b) 

entropy filtered image c) before and d) after small regions were deleted. 

The entropy based segmentation of thyroid tissue with the level value 0.56 and P 

set to 110 gave the results as shown in Figure 4.10. The number of visible follicles 

in the original image was about 13 and the number of regions found by the 

algorithm after erasing the regions smaller than 110 pixels was also 13. After 

removal of the largest and smallest regions, the average area of a follicle was 

105220 µm2 with a circular diameter of 366 µm. Figure 4.11 a) shows the contours 

of the segmented follicles and how they correspond to the original image and b) 

shows the difference between the segmented areas and the visually detected areas. 

This difference corresponds to 19.83% of the total visually detected area. 

  

Figure 4.11 a) Contours of segmented follicles marked in original image b) 

difference between segmented areas and visually detected areas. 

For the different segmentation methods of thyroid tissue, the number and sizes of 

the regions were measured to investigate if the follicles were segmented. The 

number of follicles and the sizes of the largest, smallest and the average regions in 

terms of circular diameter measured in µm are presented in Table 4.1. Figure 4.12 

shows the weighted centrums for the intensity based and entropy based 

segmentation. 

number of regions = 429 number of regions = 13

a) b) 

a) b) 
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Table 4.1 Measurements of regions in thyroid tissue for different segmentation 

methods. 

Method Largest 

[µm] 

Smallest 

[µm] 

Average 

[µm] 

Number 

Intensity 1463.9 3.4 37.7 1777 

Intensity + removal 1463.9 36.1 332.0 22 

Filtered intensity 1642.8 3.4 77.8 429 

Filtered intensity + removal 1642.8 52.3 472.3 13 

Entropy 826.9 3.4 64.36 429 

Entropy + removal 826.9 45.0 366.0 13 

  

Figure 4.12 Comparison between intensity based and entropy based segmentation. 

To evaluate the robustness of the settings within a tissue volume for entropy based 

segmentation, they were tested on 9 other slices within the same image volume. The 

original images and the segmented ones can be seen in Figure 4.13. The number of 

regions detected by the human eye in the original images, the number of regions 

detected by the segmentation and the difference between them are presented in 

Table 4.2. The root-mean-square error of the data in Table 4.2 was 10.9 regions. 

   

   

number of regions = 13 number of regions = 13

treshold0.56 & size 110

number of regions = 25

number of regions = 20

a) 
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number of regions = 16

number of regions = 20

number of regions = 13

number of regions = 14

number of regions = 12
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Figure 4.13 Evaluation of settings for entropy based segmentation on different 

slices within one tissue sample. 

Table 4.2 Number of regions detected by human eye and segmentation. 

Slice number Visually counted Detected by 

segmentation 

Difference 

1 15 25 10 

2 15 20 5 

3 11 16 5 

4 15 20 5 

5 10 13 3 

6 12 14 2 

7 12 12 0 

8 10 40 30 

9 10 20 10 

Entropy based segmentation of the parathyroid tissues gave the result as shown in 

Figure 4.14. The parathyroid tissue has a homogenous structure which is easy to 

see in the image. The settings for the threshold level was 0.7 and the smallest 

regions to keep were 20 pixels. For fat tissue the entropy based segmentation gave 

the result as shown in Figure 4.15. The level value for fat tissue was set to 0.88 and 

the P value was set to 20 pixels after a similar evaluation as for the thyroid tissue. 

Entropy segmentation of lymph node tissue can be seen in Figure 4.16. The level 

value was set to 0.8 and the limit for region size to keep was 20 pixels. For muscle 

tissue the segmentation threshold level was set to 0.74 and the region size to keep 

was set to 20 pixels. The results can be seen in Figure 4.17. The settings for the 

segmentation of different tissues are included in Table 4.3. 

number of regions = 40

number of regions = 20
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Figure 4.14 Entropy based segmentation of parathyroid tissue, a) original image, 

b) entropy filtered image c) before and d) after removal of small areas. 

  

  

Figure 4.15 Entropy based segmentation of fat tissue, a) original image b) 

entropy filtered image c) before and d) after small areas were deleted. 

number of regions = 213 number of regions = 34

number of regions = 1022 number of regions = 217

a) b) 

c) d) 

a) b) 

c) d) 
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Figure 4.16 Entropy based segmentation of lymph node tissue, a) original image b) 

entropy filtered image c) before and d) after removal of small regions. 

 

  

Figure 4.17 Entropy based segmentation of muscle tissue, a) original image b) 

entropy filtered image c) before and d) after removal of small regions. 

Table 4.3 Settings for segmentation of different tissue types 

Tissue type Threshold level P [pixel] 

Thyroid 0.56 110 

Parathyroid 0.7 20 

Fat 0.88 20 

Lymph node 0.8 20 

Muscle 0.74 20 

The sizes of the regions for the different tissue images can be seen in Figure 4.18 

a). Each mark for the tissues in the graph corresponds to a region size found by the 

entropy based segmentation after removal of small regions in the images from 

Figure 4.10 to Figure 4.17. In this graph the two largest regions have been removed 

for parathyroid, muscle and lymph node tissues and the largest region from fat since 

these regions represent air around the tissues and parts of the tissues with too low 

signal intensity. The thyroid tissue has the largest regions and the largest variation 

in sizes of the regions. Figure 4.18 b) shows the distribution of region sizes. 

number of regions = 125 number of regions = 691

number of regions = 211 number of regions = 44

a) 

a) 

b) 

b) 

c) d) 

c) d) 
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Figure 4.18 Distribution of region sizes in images of different tissues. The area is 

calculated for each region in an image slice. 

In Figure 4.19 the ratio between the white and the black regions in the tissues are 

shown. The regions that represent air and tissue with too low signal intensity have 

been removed. The thyroid tissue has the largest ratio between white and black 

regions, fat clearly has the second highest ratio while parathyroid, lymph node, and 

muscle tissue have a similar ratio. 

 

Figure 4.19 Ratio between white and black regions in the segmented images. 
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A print screen of the GUI can be seen in Figure 4.20. Figure 4.21, Figure 4.22, and 

Figure 4.23 show close-up images of different parts of the GUI: the slice 

visualization, the panel with its buttons, the original image and the segmented 

image.  

 

Figure 4.20 OCT graphical user interface. 

 

Figure 4.21 Slice visualization and panel in the GUI. 
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Figure 4.22 Original image in the GUI. 

 

Figure 4.23 Segmented image with its histogram and calculated values for mean of 

image intensity, number of regions and average size of a region in the GUI. 

  

Ratio: 
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4.2 Fluorescence spectroscopy 
The signal from the fluorescence spectrometer shows one dominant peak, which is 

the reflection peak and has the same wavelength as the illuminating laser. The signal 

also has a lower peak in the fluorescence region which is at the wavelengths 800-

900 nm. 

4.2.1 The phantoms 
The resulting spectra from the three phantoms with lowest concentration of ICG 

and a tissue sample of parathyroid tissue, illuminated with a laser power of 20 mW 

are shown in Figure 4.24. The parathyroid spectrum comes from patient 5. 

 

Figure 4.24 Resulting spectra from phantom with 0, 0.05 respective 2 µg/ml ICG 

and parathyroid tissue 

4.2.2 Measurements 
The tissue specimens were illuminated with the same laser power as the phantoms, 

20 mW. Figure 4.25 shows the unprocessed resulting spectra from different 

parathyroid and thyroid tissues. The corrected fluorescence at 822 nm for different 

tissues are presented for each patient in Figure 4.26. The blue asterisks are for 

thyroid measurements, the red circles are for parathyroid, the pink cross is for 

lymph node and the black square is for muscle measurements. Figure 4.27 shows 

boxplots of the measurements for thyroid and parathyroid tissues where the median 

values are marked with a red line and represent 33.31 for thyroid tissue and 161.18 

for parathyroid tissue. The data used for Figure 4.26 and Figure 4.27 are presented 

in Table 4.4. Different measurements of same tissue were performed at different 

places of the tissue sample.  
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Figure 4.25 a) Resulting spectra from measurements b) zoom in at 800 – 900 nm 

 

Figure 4.26 Fluorescence at 822 nm vs. patient number 
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Figure 4.27 Distribution of fluorescence of thyroid and parathyroid tissue. The 

median value for fluorescence is 33.31 for thyroid and 161.18 for parathyroid 

tissue.  

Table 4.4 Intensity at 822 nm for different tissues and places 

Patient number 

and tissue type 

Measurement 1 Measurement 2 Measurement 3 

1 Thyroid 33.31 10.92 9.81 

2 Thyroid 67.46 22.51 14.05 

3 Parathyroid 118.25 108.13  

4 Lymph 0.25   

4 Muscle 0.68   

4 Thyroid  161.29 192.68  

5 Parathyroid 669.36 684.22 834.09 

6 Thyroid 138.03   

7 Parathyroid 189.67 110.24 132.69 
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5 Discussion 
In this section the material and methods implemented and the results are discussed 

and analyzed.  

5.1 Optical coherence tomography imaging 
The OCT images from different tissue types which can be seen in Figure 4.1 could 

visually be distinguished. The tissues of parathyroid, lymph node and muscle were 

harder to distinguish mostly due to the tissue structure which is homogenous for all 

of those tissue types, at least in the images in this study. In the study performed by 

Conti de Freitas et al. muscle fibers could be identified in the OCT images of muscle 

tissue (1). For lymph node and muscle only one tissue sample was provided which 

made it difficult to derive any conclusions. For thyroid tissue the follicles 

containing colloid could be identified and for the tissue samples from fat one could 

see the framework of collagen fibers enclosing the lipid cells. The difference of 

thyroid tissue among patients can be due to their different diseases or the quality of 

the tissue samples. 

During the scanning of the tissue samples it was hard to acquire a good intensity in 

the images since all settings affected the results in different ways. The refractive 

index affects the measurement depth in the Z-direction, and for the best accuracy, 

it should be changed for different tissue types. However, since the values of 

refractive index for all specified tissues could not be found, n = 1.4 was used as a 

value close to the data available in the literature, see Table 2.1, for the refractive 

index at 1300 nm. According to Equation 2.8 on page 12 the pixel size increases 

for 0.253 µm when the refractive index increases 0.1. A circular follicle with an 

area of 7700 pixels with a refractive index of 1.5 would have a diameter of 307 µm 

instead of 297 µm which is the result achieved by using 1.4 as refractive index. 

5.1.1 OCT image processing 
The post processing of the images was done in order to make it easier to distinguish 

between the tissue types and analyze them. The processing contained both filtering 

and segmentation. The images were then visualized and analyzed using the 

graphical user interface.  

The main goal with filtering the images was to remove the noise while the sharpness 

in the images was kept. Adaptive Wiener filter, which is shown in Figure 4.3 and 

Figure 4.4 kept the sharpness in the image, which can be seen in the measurements’ 

scale and removed some of the noise. The best size of the neighborhood was 5×5 

pixels since the 3×3 size hardly removed any noise and the 9×9 size made the image 

blurry. A Gaussian low pass filter was tested for filtering the images too, which can 

be seen in Figure 4.5. This filter removed the noise but also decreased the quality 

of the images in terms of sharpness. Therefore it was out ruled without any further 

analysis. A future goal could be to filter the 3D-volumes of images and choose 

further filtering methods to improve the quality of the images. 
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For the two segmentation methods that were investigated, i.e. the intensity based 

and entropy based, the intensity based segmentation gave very noisy results when 

the unfiltered image was used as the original image. The filtered image on the other 

hand gave a result which seemed similar to the entropy based segmentation before 

removing small regions. By comparing the number of regions found by the 

algorithm, the number of regions for the filtered intensity based segmentation was 

429. For the entropy based segmentation before removing small areas the number 

of regions also was 429 which was not a realistic value with 429 follicles in that 

image. 

With the entropy based segmentation which was more complicated than the 

intensity based segmentation there was no need to filter the images in order to get 

better results. Agreeing with the results obtained by Johnathan Sun et al. (45) on 

breast cancer, the entropy based segmentation method showed better results than 

the intensity based method. The values for the threshold and the smallest region to 

keep was chosen by visually evaluating the images in Figure 4.9. The entropy based 

segmentation method with threshold 0.56 and removing all regions smaller than 

110 pixels gave 13 regions. The weighted centrum for these regions seemed to 

correspond best to the visually found regions in the original image. The average 

size of the regions was 105220 µm2. Assuming that the regions have a circular shape 

the diameter would be 366 µm, which is in the region of 30-500 µm that according 

to Lal (8) and Zhou (11) are normal values for the diameter of follicles in thyroid 

tissue. The regions of 110 pixels corresponded to a diameter of 35.5 µm which 

could be a normal value for a follicle but it was very close to the lower limit.  

The idea of calculating the number of regions and their sizes was to create a 

measurement for characterizing the follicles. As one can see in Figure 4.10, the 

algorithm could not separate all possible follicles. If two follicles were connected 

with just one pixel the algorithm detected them as one region. By changing the 

threshold value one can separate the regions, but one will also miss smaller regions 

in that way. It could be possible to find diseases in the thyroid tissue by using 

entropy based segmentation as diseases might affect the structure of the thyroid 

tissue. In Figure 4.11 one can see that the contours of the follicles correspond better 

to larger follicles than the small ones. This could perhaps be improved by other 

settings in the segmentation algorithm, but there is a trade-off between missing 

small follicles and not being able to separate larger follicles. The total area of the 

follicles that are not found by segmentation was 33833 µm2 and gave an error of 

19.83% but as one can see in Figure 4.11 b) the error is much larger for the small 

follicles than for the larger ones. 

From Figure 4.13 one can see that even though the images are from the same 3D-

image volume the same settings cannot be used for all images. The second last 

image gave the worst result since no thyroid structure could be seen in the 

segmented image. Table 4.2 presents the difference between different slices in the 

volume and the root-mean-square error of the follicles found was 10.9 regions when 

all images were counted but decreased to 5.7 regions when the image with largest 

error was removed. The differences between the slices might be due to different 
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sizes of the follicles, different structures or different intensities between different 

places in the image volume.  

Table 4.1 shows the largest, smallest and average diameter size of the regions for 

different segmentation methods. As one can see none of the settings totally fulfill 

the requirements of follicle sizes. Only the entropy based segmentation in 

combination with removal of small regions and the intensity based segmentation 

method with filtered original image with removal gave a reasonable number of 

regions. However, the comparison between them in Figure 4.12 shows that the 

entropy based segmentation gives a better result when it comes to finding the 

follicles. The large variation between the largest and the smallest follicles might be 

due to the problem described above regarding the algorithm not being able to 

separate all regions. By looking closer at the chosen image in Figure 4.9 one can 

see that the largest region probably contains more than one follicle. 

The entropy based segmentation gives a clear distinction between some of the 

different tissue types. The thyroid tissue shows clear follicles while the parathyroid 

tissue shows a homogenous structure. The reason for the parathyroid tissue to only 

give an arc shaped structure is due to the low intensity in the bottom of the image. 

The OCT image of fat gave a structure where the network of collagen fibers could 

be distinguished. The entropy based segmented lymph node though showed a 

structure which was not as homogenous as the parathyroid tissue, but since there 

was only one lymph node tissue sample to compare with no explicit conclusions 

can be made. Conti de Freitas state to have seen structural similarity between the 

lymph node and parathyroid in the OCT images (1, 10). 

As one can see in Table 4.3 the settings for threshold and size of regions to keep 

were changed for every tissue type. The reason for choosing a higher limit for 

region size to remove for thyroid compared to the other tissue types was that the 

structures of interest for thyroid, the follicles, are larger than the structures of 

interest in the other tissue types especially in fat tissue. For segmentation of the 

thyroid tissue it was important to find the number of follicles and then remove the 

small regions. On the other hand, for fat the interesting structure was the network 

of collagen fibers and the lipid cells, which are significantly smaller than the 

follicles in thyroid tissue. Therefore the same limit could not be used for all tissue 

types. The threshold level was also changed in order to emphasize different 

structures in the tissues. A small structure needed a higher threshold level than a 

large one. The threshold and size of regions to keep are also dependent on the 

resolution of the image. An image with more pixels per length unit will require a 

higher P in order to keep equally large follicles as an image with lower resolution. 

This might be a feature to incorporate in a newer version of the algorithm. 

In Figure 4.19 where one can see the ratio between white and black regions for 

different tissues the thyroid tissue does almost have the same amount of 

hypointense (black) and hyperintense (white) regions while the other tissues have a 

lot more black regions. This could be a measurement to use for distinction between 

thyroid and other tissues but one can hardly use it for distinction between other 

tissue types since they have similar ratios.  
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Possible sources of error for the OCT imaging and post processing part are that 

settings in the OCT-system might have been changed between different scans. The 

tissue samples were stored for different lengths of time in formalin before imaged. 

The variation of the settings of FOV in the system affects the resolution and thereby 

the filtering and segmentation results of the images. The segmentation could 

perhaps be improved by using morphological operations or by just using the upper 

half of the OCT images where the contrast of the tissues are the best. 

For the future a 3D segmentation method would be beneficial for volumetric studies 

as by not only evaluating the cross-sections of the follicles the diameter might 

provide more information on the follicle size. A 3D-segmentation method on the 

other hand requires a larger capacity for data processing and more complicated 

calculations than a 2D-segmentation.  

The reason for creating a GUI was to facilitate interaction with the images and the 

analysis. It is supposed to make it easier for the one who wants to look at the images 

to do so. The GUI has some drawbacks though. It is quite slow when it comes to 

displaying the 3D volume of the image. To make it work faster the user can choose 

to only load a part of the volume which gives the computer less images to display. 

The user can also choose to view different slices of the volume and can therefore 

analyze different parts of the 3D-volume. 

For the segmentation part of the GUI the user can choose the threshold value and 

the size of the regions to remove. Since the resolution can vary between the images, 

the threshold value for the segmentation and the size of regions to remove can affect 

the result when varying between the different tissue types. The values should 

therefore be set by the user. 

For a future update of the GUI it will be great with possibility to change which 2D 

image one will perform segmentation on. Today that image is predefined by the 

GUI. The GUI could also be improved by adding filtering options and a more 

detailed display of the different regions in the segmentation part such as displaying 

the centroids or measuring single regions and not only the average region size. 

5.2 Fluorescence spectroscopy 
The fluorescence spectroscopy part of the study was performed on the phantoms 

and on the tissue samples. 

5.2.1 The phantoms 
When comparing the phantoms to the tissue samples of parathyroid, seen in Figure 

4.24, the phantom with an ICG concentration of 0.05 µg/ml showed the most similar 

signal to the signal from parathyroid tissue. This parathyroid tissue sample came 

from patient 10 which was the patient with the highest fluorescence intensity 

according to Table 4.4.  
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5.2.2 Measurements 
During the measurements of fluorescence from the tissue samples and the 

phantoms, high accuracy was needed in order to make the measurements 

comparable. In addition to this the indoor light in the ceiling was needed to be 

turned off to reduce disturbing wavelengths from the luminescent light tubes. The 

probe was placed perpendicular and in contact with the tissue. The power output 

from the laser was also measured for every measurement occasion and the amount 

of reflection was taken into account during the calculations of the fluorescence. 

5.2.3 Data analysis 
When analyzing the spectra in Figure 4.25 it was quite hard to calculate the amount 

of reflection. By just looking at the spectra it was easy to think that the maximum 

fluorescence needed to be at about 805 nm, the values were however taken with 

some marginal at 822 nm. The measurements with a reflection higher than 59 000 

counts that saturated the spectrometer were excluded. The limit was defined by the 

spectrometer’s manufactures.  

As one can see in Table 4.4 and in Figure 4.26 the parathyroid tissue from patient 

5 showed high autofluorescence intensity compared to the other samples. The 

parathyroid tissue from patient 7 also showed quite high intensity which is more 

than most of the thyroid tissue samples. Parathyroid tissue from patient 3 on the 

other hand did not show such a high autofluorescence intensity. It can also be seen 

in Figure 4.26 that the parathyroid and thyroid tissue show autofluorescence 

intensity which agreeing with the results from Paras et al. (23). The tissues from 

lymph node and muscle did not show any autofluorescence, which is in agreement 

with the hypothesis and the results demonstrated by Paras et al.  

Comparison of signals from fat to other tissues did not seem correct due to different 

absorption properties of fat compared to the other tissues. A main chromophore for 

muscle, lymph node, thyroid and parathyroid tissue is hemoglobin which the fat 

tissue does not contain. When comparing absorption spectrum for fat and 

hemoglobin it can be seen that the absorption for fat is higher at the laser 

wavelength, 785 nm than at the fluorescence wavelengths 800-900 nm while it is 

the other way around for hemoglobin. It is suspected that this affected the different 

behavior in the reflection signal from fat. 

McWade et al., which did the measurements intraoperatively had 1.2-18 times more 

fluorescence in parathyroid than in thyroid (15). The results in this thesis were in 

the same range of the values reported by McWade. However, the direct comparison 

would only be possible when the measurements are performed intraoperatively as 

the autofluorescence of parathyroid can then be normalized by the thyroid 

autofluorescence in the same patient. The median value for parathyroid tissue 

fluorescence was 161 and for thyroid tissue the median value was 33 which means 

that the median value for parathyroid tissue was 4.8 times greater than the thyroid 

tissue value.  

For a future work in this area, the sensitivity of the system to reflection should be 

reduced to increase the accuracy of the weak signals. It would also be preferred to 
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do the measurements intraoperatively so that measurements on healthy tissue 

samples would be possible. More patient material and data will be beneficial for 

statistical analysis.  
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6 Conclusions 
From the OCT images it was possible to distinguish fat and thyroid tissue from the 

other tissues in this study. It was harder to distinguish between the parathyroid 

gland, lymph node and muscle tissue by just visually examining the images. Using 

the entropy based segmentation the information in the OCT images was quantified  

After entropy segmentation of the images the fat and the thyroid tissue could fairly 

easily be distinguished. The parathyroid, muscle and lymph node tissue were not 

possible to distinguish from each other with the data in this study. The thyroid tissue 

could also be distinguished from the other types of tissues by evaluating the ratio 

between white and black regions in the entropy based segmentation image. Using 

the same type of segmentation, it was possible to calculate sizes and number of 

follicles in the thyroid. 

The fluorescence spectra from thyroid and parathyroid tissues showed that 

generally parathyroid glands have a higher autofluorescence activity than the 

thyroid tissue. The signals were however weak and difficult to distinguish when 

autofluorescence intensity was low.
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