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Diagnostic Applications of Lasers 

 

1.
2. Fundamentals of Light and Lasers 

3. Elements of Photonics 

Operational Characteristics of Lasers 

Specific Laser Types 

Optical Detectors and Human Vision 
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plasma-mediated photothermal, photodisruptive, photoablation, photochemical 

Since the material and procedures covered in the module require special facilities and expensive equipment, no 
laboratory is provided. Instead, students should work with their instructors to find opportunities for observing the 
laser-assisted procedures described in the module. After the observations have been made, students should 
prepare reports that correlate their experiences to the material presented in the text. Completing these reports 
will require skills comparable to those used in a laboratory. 
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monochromatic, coherent, directed

monochromatic

coherence

 

 
 

Comparison of monochromatic, directional, and coherent laser light versus ordinary light which is 
polychromatic, incoherent, and diffuse.  

directional
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1. Which of the following is a monochromatic light source? 
(a) Sun       (b) Flashlight       (c) Laser      (d) Light emitting diode or LED 
 
2. Which of the following is an example of a highly divergent light source? 
(a) Lightbulb      (b) Flashlight      (c) Laser       (d) All of the above 

reflected,
refracted  absorbed 

scattered transmitted 
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Interaction of light on target tissue, showing reflected, refracted, absorbed, scattered, and transmitted 
light. 

 
Reflection specular diffuse

absorption scattering

refractive index (n) absorption coefficient (μa) scattering coefficient (μs) anisotropy factor (g)

refractive index

(1)          n = c / v 

absorption coefficient μa
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Absorption coefficient values plotted on the vertical axis, as a function of laser wavelength, for several 
common components in soft tissues, including proteins, melanin, hemoglobin (blood), and water.   

 

scattering coefficient μs
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total attenuation coefficient

mean free path

 

anisotropy factor

reduced scattering coefficient

(2)          μs' = μs (1-g) 

reflected albedo

(3)          a = μs / (μa + μs) 
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collateral thermal damage

effective attenuation coefficient

(4)          μeff = [3μa (μa + μsᶦ)]1/2 

optical penetration depth
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(5)           = 1 / μeff 

 

Optical penetration depth ( ), plotted on a logarithmic scale in micrometers, for some common laser 
wavelengths ( ) used in medicine

(6)          I = P / A = P / r2 

 

μ

μ
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Beer’s Law

(7)          I = I0 exp(-μax), 

transmitted

(8)          T = I / I0 = exp(-μax) x 100% 

 

average power

(9)          Pave = E x R 

peak power 

(10)          Ppeak = E / t 
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Comparison of continuous-wave (CW) and pulsed operation modes for lasers.
 

 

 

spatial beam profile

temporal beam profile
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 Major laser-tissue interaction mechanisms. 

 
Photodisruption or photomechanical ablation

  
 
Plasma-induced ablation
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Photoablation

 
Photothermal interactions

Photochemical interactions
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(11)  

(12)          tp < th  
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(a,b) Diagrams showing the difference in heat conduction between short laser pulses that are 
thermally confined in the tissue versus long laser pulses that are not thermally confined.  Note that during 
photothermal tissue ablation, there is always at least a small residual zone of thermal damage. 

 
Principle of Selective 

Photothermolysis

photo thermo selective lysis

(13)     m Vs

(14)          tp m
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Plot of mechanical (stress) and thermal confinement zones (dashed lines) as a function of optical 

penetration depth, which is related to wavelength, and operating mode (pulse duration).  The Holmium:YAG and 
Erbium:YAG lasers, which can be operated in both long-pulse and q-switched mode, are provided as examples.  

(15)          T = T0 + (μa I0 / c) t = T0 + (μa F / c) 

 

wavelength

radiant exposure

pulse duration
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spatial beam profile

pulse repetition rate
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Flow chart showing different stages of tissue transformation during photothermal applications.
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Plot of tissue transformation as a function of temperature during photothermal applications. 

plasma-mediated

photothermal
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photothermal

3. What part of the electromagnetic spectrum refers to the “optical window”, in which light penetrates 
the deepest in tissue? 
(a) Ultraviolet        (b) Visible       (c) Near-infrared       (d) Mid-infrared 
 
4. The approximate penetration depth of light in the “optical window” is approximately _____. 
(a) 1 μm         (b) 30 μm        (c) 500 μm        (d) 3 mm 
 
5.  In the “optical window”, what tissue structure most strongly scatters light? 
(a) Cell membrane        (b) Cell nuclei        (c) Extracellular fluid      (d) Intracellular fluid 
 
6. What tissue chromophore is the strongest absorber of light in the mid-infrared spectrum? 
(a) Water         (b) Collagen        (c) Melanin         (d) Hemoglobin 
 
7. What skin type has the highest albedo? 
(a) African        (b) Mediteranean        (c) White       (d) Albino 
 
8. What part of the electromagnetic spectrum is absorbed most strongly by blood or hemoglobin? 
(a) Visible       (b) Near-infrared       (c) Mid-infrared     (d) Far-infrared 
 
9. Which laser wavelength is most strongly absorbed by soft tissues? 
(a) Excimer, 193 nm    (b) Diode laser, 808 nm    (c) Ho:YAG, 2120 nm    (d) CO2, 10,600 nm 
 
10. If the effective attenuation coefficient for a given tissue and laser wavelength is 1,000 cm-1, then 
what is the optical penetration depth?   
(a)  100 nm      (b) 1 μm       (c) 10 μm      (d) 100 μm 
 
11. If skin has a scattering coefficient of 200 cm-1 and an anisotropy factor of 0.9, then what is the 
value for the reduced scattering coefficient?  
(a) 10 cm-1      (b) 20 cm-1      (c) 50 cm-1       (d) 100 cm-1 
 
12. If skin has an absorption coefficient of 200 cm-1 and an absorption coefficient of 0.5 cm-1, then 
what is the albedo?  
(a) 0.1       (b) 0.5       (c) 0.9       (d) 0.998 
 
13. The intensity of light at a specific depth in tissue depends on what factor? 
(a) Tissue depth       (b) Absorption coefficient       (c) Initial intensity      (d) All of the above 
 
14. Lasers are attractive light sources for tissue vaporization because they produce high _____. 
(a) Peak powers        (b) Average powers        (c) Pulse repetition rates        (d) Spot sizes 
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15. Q-switched mode of laser operation refers to delivery of laser pulse on what time scale? 
(a) Milliseconds        (b) Microseconds        (c) Nanoseconds      (d) Femtoseconds 
 
16. Which laser-tissue interaction mechanism uses low power and long irradiation times? 
(a) Photochemical       (b) Photothermal       (c) Photodisruption        (d) Plasma-mediated 
 
17. Which laser-tissue interaction mechanism is used for tissue coagulation and hemostasis? 
(a) Photochemical       (b) Photothermal       (c) Photodisruption        (d) Plasma-mediated 
 
18. Photodynamic therapy uses which laser-tissue interaction mechanism? 
(a) Photochemical       (b) Photothermal       (c) Photodisruption        (d) Plasma-mediated 
 
19. Which laser-tissue interaction mechanisms uses mechanical waves to break up tissue?       
(a) Photochemical       (b) Photothermal       (c) Photodisruption        (d) Plasma-mediated 
 
20. Selective photothermolysis requires which of the following laser parameters? 
(a) Highly absorbed wavelength and small laser spot size 
(b) Highly absorbed wavelength and short pulse duration 
(c) Small laser spot size and high pulse repetition rate 
(d) Small laser spot size and uniform spatial beam profile 
 
21. Why is it sometimes necessary to utilize selective photothermolysis to avoid heat conduction 
during the laser pulse? 
(a) To provide sufficient hemostasis 
(b) To minimize collateral thermal damage which can delay wound healing and lead to scarring 
(c) To treat and destroy large volumes of tissue, for example a tumor or benign growth. 
(d) All of the above 
 
22. Which mode of operation provides the most precise laser tissue ablation? 
(a) Pulsed       (b) CW       (c) Quasi-CW       (d) It depends on other factors as well 
 
23. Approximately what minimum temperature is needed to thermally coagulate tissues? 
(a) 20 oC          (b) 37 oC         (c) 60 oC         (d) 100 oC  
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A sketch of an articulated arm and its components. 
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Components of an optical fiber. 

 

 

 
Optical fibers enable flexible delivery systems. 

 

critical angle, all of the incident light 

(16)          crit = sin-1 (nclad / ncore) 
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decibels per kilometer 

(17)          A = -10 log (Pout / Pin) 

(18)          T =10 (-A/10) 

(19)          R = [(n1 – n2) / (n1 + n2)]2 

(20)          NA = sin acc = (ncore
2 – nclad

2)1/2 
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  (a) The numerical aperture (NA) measures extent of acceptance cone of light for an optical fiber and 
is dependent on refractive indices of core and cladding materials.  (b)  Each NA value corresponds to the half 
angle ( ) of acceptance cone of light into the fiber. 

 

free-beam contact 

 

hollow waveguide 
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24. Which of the following components is not part of an articulated arm? 
(a) Hollow tubes         (b) Joints         (c) Angled mirrors        (d) Optical fibers 
 
25. What primary advantage does an optical fiber provide over an articulated arm? 
(a) Higher power delivery     (b) small, flexible light delivery      (c) robust     (d) All of the above 
 
26. The core and cladding layers of a standard optical fiber are composed of _____. 
(a) Silica or quartz       (b) Hollow for light transmission       (c) Silver       (d) Gold 
 
27. Approximately what percentage of light is reflected at a single air-glass interface? 
(a) 0%        (b) 4%         (c) 10%       (d) 25% 
 
28. A higher numerical aperture (NA) results in light exiting the fiber being  _____. 
(a) More divergent      (b) More focused    (c) More collimated    (d) It depends on other factors 

epidermis dermis

stratum corneum

tactile
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Anatomy of human skin. 

melanin granules 
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chromophores deoxyhemoglobin

purpura 

 

 
Laser removal of vascular birthmarks such as port wine stains. 
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melanosomes 

 

 
Laser application in removal of tattoos after multiple treatments. 

 

hypopigmentation depigmentation 
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Removal of unwanted hair using a laser. 

 

Fractional skin resurfacing
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Laser removal of wrinkles for skin rejuvenation; (b) Fractional skin resurfacing, producing a grid 
of small thermal coagulation zones surrounded by healthy tissue, for accelerated wound remodeling. 
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(a) An example of a laser lipolysis system consisting of near-infrared laser energy delivery and 
contact cooling of the skin, integrated into multiple large applicators, strapped around the patient’s body. (b,c)  
Photographs of the patient’s treatment area before and after laser lipolysis treatment.  

Shape change of human septal cartilage before (A) and immediately after (B) diode laser irradiation. 
Reshaped cartilage was then recovered into flat shape after re-irradiation by laser to the convex side (C). The 
red arrow indicates the direction of laser irradiation. 
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Endovenous laser treatment of varicose veins. 

Before and after photographs for endovenous laser therapy. 
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29. What is the approximate thickness of the epidermis layer in skin? 
(a) 1 μm        (b) 100 μm       (c) 1 mm        (d)  10 mm 
 
30. What is the approximate thickness of the dermis layer in the skin? 
(a) 1 μm        (b) 25 μm         (c) 700 μm     (d) 3 mm 
 
31. Which of the following parameters is required for successful treatment of port-wine stains? 
(a) Wavelength strongly absorbed by blood but not skin       (b) Short laser pulse duration  
(c) Large laser spot                                                                (d) All of the above 
 
32. Which cosmetic dermatology application utilizes the principle of selective photothermolysis? 
(a) Tattoo removal       (b) Hair removal       (c) Port wine stain removal      (d) All of the above 
 
33. Which laser application utilizes a diffusing fiber optic tip for thermal tissue coagulation? 
(a) Cartilage reshaping      (b) Endovenous therapy     (c) Wrinkle removal     (d) All of the above 

 

aqueous humor. 
vitreous humor

melanin, hemoglobin, macular xanthophyll

bipolar, ganglion, horizontal, amacrine cells. 
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Schematic diagram of the human eye. 

 

 

 
Schematic diagram of the fiver layers that make up the cornea of the eye. 
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Transmission characteristics of the human eye. 

 

fovea 

arcades

 

 
The visible retinal surface and blood vessels. 

nanometers
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myopic

hyperopic
 

 
Diagram showing near-sighted (myopic) and far-sighted (hyperopic) eyes and their corrections. 
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A drawing and schematic diagram of a slit lamp and laser-assisted delivery system. 

 

 

Schematic diagram of a cataract surgery.   
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photoablation

Diagram comparing PRK, LASIK, and SMILE approaches to corneal shaping and vision correction. 
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34. Approximately how thick is the cornea of the eye? 
(a) 1 μm          (b) 50 μm          (c) 500 μm         (d) 2 mm 
 
35. In terms of optical properties of the eye, why can we see well? 
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(a) Low absorption and scattering of light      (b) Low absorption, high scattering of light 
(c) High absorption and low scattering of light         (d) High absorption and scattering of light 
 
36. What type of laser is used for LASIK/PRK procedures on the cornea for vision correction? 
(a) Excimer, 193 nm      (b) Nd:YAG, 1064 nm     (c) Ho:YAG, 2120 nm     (d) CO2, 10,600 nm 
 

tricuspid valve

mitral valve 

hypertrophy

 

 
 

Schematic diagram of the human heart. 

angioplasty
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thrombus thrombosis
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coronary artery disease 
Ischemia 

angina
coronary artery bypass surgery

angiogenesis

 
Schematic diagram showing normal sinus rhythm on left versus atrial fibrillation on right. 
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(a) Flexible balloon catheter used with a rotating side-firing optical fiber to deliver near-IR laser 
energy to the atrial wall.  The green aiming beam is shown as well. (b)  Diagram of catheter used in procedure. 

37. Lasers have not been very successful in cardiology in part because of ______. 
(a) Safety risk of perforation to arteries        (b) Risk of restenosis 
(c) Poor understanding of interaction mechanism  (d) All of the above 
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Cervical intraepithelial neoplasia uterine cervix 

human papilloma virus

carcinoma in situ

cervical stenosis 

Endometriosis 

 

 
Diagram showing removal of fibroids attached to the outside of uterus by a stalk using a laparoscope.  

Uterine fibroids 
myomectomy
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laparoscopic myolysis  

Hysterectomy 

 

tubal disease fallopian 
tube ovary 

peritubal periovarian isthmo-cornual 

 

 

Schematic diagram showing ectopic pregnancy which can be surgically destroyed using a laser. 

 

fimbria 

ectopic pregnancy fallopian tubes

hemostasis 

isthmo-cornual 
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Schematic diagram comparing healthy vagina before menopause with vaginal atrophy afterwards. 

 

Diagram showing articulated arm and fractional laser scanning system for vaginal rejuvenation. 

http://www.laser-tec.org/


 

 

(a) Anatomy of female lower urinary tract. (b) Changes during female stress urinary incontinence. 

 

38. Potential applications of lasers in gynecology include treatment of ______. 
(a) Uterine fibroids     (b) Vaginal atrophy    (c) Stress urinary incontinence    (d) All of the above 
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μ

μ
μ

μ

(a) Normal prostate gland; (b) Swollen prostate gland observed in benign prostatic hyperplasia, 
resulting in difficulty in urination. 
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Laser treatment of kidney stones using an optical fiber inserted through the working channel of a 
flexible ureteroscope. 

http://www.laser-tec.org/


 

 

Comparison of “dusting” and “fragmentation” methods of laser lithotripsy.  Dusting uses low laser 
pulse energy (0.2-0.4 J) and high pulse rates (50-100 Hz) to create small stone particles. Fragmentation uses 
high pulse energies (0.5-1.0 J) and low pulse rates (5-30 Hz) to create large stone pieces, which are then 
removed by a stone basket.  

39. Successful laser treatment of benign prostatic hyperplasia (BPH) involves use of ______. 
(a) Photothermal coagulation          (b) Photodynamic therapy 
(c) Photothermal ablation  (d) Plasma-mediated ablation 
 
40. Laser “dusting of kidney stones involves the use of _____. 
(a) Low pulse energy    (b) High pulse rates     (c) Long pulse durations      (d) All of the above 
 
41. Laser “fragmentation of kidney stones involves the use of _____. 
(a) High pulse energy    (b) Low pulse rates     (c) Short pulse durations      (d) All of the above 
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are 

crown root incisors 
canine teeth molars premolars
gingiva enamel, 

dentin

cementum
periodontal membrane 

lymph vessels 
root canal

caries

plaque
cavity 
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(a) Structure of human tooth; (b) Schematic diagram showing tooth decay. 
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Use of lasers to remove carbonized material from a tooth. 
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42. The most precise laser wavelength used for removal hard tissues in treatment of caries is ___. 
(a) Diode, 908 nm        (b) Nd:YAG, 1064 nm       (c) Er:YAG, 2940 nm        (d) CO2, 9600 nm 
 
43. The most appropriate laser for soft tissue removal and hemostasis is the ____. 
(a) Diode, 980 nm      (b) Ho:YAG, 2120 nm     (c) Er:YSGG, 2940 nm     (d) Er:YAG, 2940 nm 
 
44. What advantages over the dental drill do lasers have? 
(a) More precise removal of decayed tissue  (b) Less pain experienced by patient 
(c) Less hearing loss by dentist   (d) All of the above 
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Layout for the MRI suite, laser, and fiber delivery system. 
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45. What laser wavelength is used for creation of large thermal lesions during MRI-guided laser 
interstitial thermal therapy (LITT) of brain tumors and epileptic centers? 
(a) Excimer, 193 nm      (b) Frequency-doubled Nd:YAG, 532 nm 
(c) Nd:YAG, 1064 nm  (d) CO2 laser, 10,600 nm 
 
46. Why does MRI-guided LITT of brain tumors use lasers instead of radiofrequency (RF), ultrasonic 
(US), or microwave devices? 
(a) Laser energy penetrates deeper than microwaves    (b) Lasers are less expensive than RF 
(c) Laser fibers are compatible with MRI systems  (d) All of the above 
 
47.  What advantage(s) does infrared nerve stimulation provide over conventional electrical nerve 
stimulation for activation of nerves? 
(a) Elimination of electrical stimulation artifacts     (b) Non-contact stimulation of nerves 
(c) Better spatial selectivity for stimulating nerve branches (d) All of the above  
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photosensitizer

Photodynamic therapy

Steps taken during photodynamic therapy (PDT) treatment. 
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dark toxicity

photobleaching

Dosimetry during photodynamic therapy treatment. 
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The Xenon Chloride excimer laser operating at a UV wavelength can treat psorisias. 

48. What needs to be present at the tissue treatment site for photodynamic therapy?  
(a) Oxygen         (b) Light          (c) Photosensitizer     (d) All of the above. 
 
49. What wavelength is most commonly used with a photosensitizer in photodynamic therapy? 
(a) Ultraviolet       (b) Visible      (c) Near-infrared      (d) Mid-infrared 
 
50. What wavelength is most commonly used for light-based chemotherapy in tissue directly, without 
the presence of a photosensitizer? 
(a) Ultraviolet       (b) Visible       (c) Near-infrared       (d) Mid-infrared 
 
51. An advantage of photodynamic therapy over conventional chemotherapy is elimination of _____. 
(a) All drugs from body     (b) Dosage calculations      (c) Systemic side-effects      (d) All of the above    
  

1. c 2. a 3. c 4. d 5. b 6. a 7. d 
8. a 9. a 10. c 11. b 12. d 13. d 14. a 
15. c 16. a 17. b 18. a 19. c 20. b 21. d 
22. a 23. c 24. d 25. b 26. a 27. b 28. a 
29. b 30. d 31. d 32. d 33. b 34. c 35. a 
36. a 37. d 38. d 39. c 40. d 41. d 42. d 
43. a 44. d 45. c 46. c 47. d 48. d 49. b 
50. a 51. c     
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d.
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