LearnUNI GUIDE

LEARNING SHOULD BE FREE

Advanced Certificate in Photobiomodulation

Dosimetry and Treatment Planning

Photobiomodulation (PBM) is a therapeutic approach that uses non-ionising light in the red and
near-infrared spectrum to modulate cellular function. In the context of dosimetry and treatment planning, a
precise vocabulary is essential for communicating dose parameters, device specifications, and clinical
outcomes. The following glossary presents the most frequently encountered terms, explains their physical
meaning, and illustrates how they are applied in real-world protocols. Throughout the description, examples
are drawn from typical clinical scenarios such as wound healing, neuropathic pain management, and
neuro-rehabilitation. Practical challenges, including measurement uncertainty, tissue heterogeneity, and
patient variability, are highlighted to prepare the learner for advanced planning tasks.

**1. Wavelength** — The distance between successive peaks of the electromagnetic wave, expressed in
nanometers (nm). In PBM, the therapeutic window generally spans 600-1100 nm, where light penetration is
maximized while absorption by water and hemoglobin is minimized. For instance, a 810 nm diode laser is
commonly chosen for deep tissue applications because it reaches several centimeters into muscle and
nerve. Selecting the appropriate wavelength is the first step in treatment planning, as it determines the
depth of photon delivery and influences the selection of other dose parameters.

**2. Photon Energy** — The amount of energy carried by a single photon, calculated by the equation E = hc/
A, where h is Planck’s constant and c is the speed of light. Because photon energy decreases with increasing
wavelength, red and near-infrared photons have lower energy than visible blue light. Understanding photon
energy helps clinicians anticipate which chromophores (e.G., Cytochrome c oxidase, flavoproteins) will be
preferentially excited, thereby shaping the biological response.

**3. Irradiance** — The power delivered per unit area, measured in watts per square centimeter (W cm™).
Irradiance is a key factor influencing the rate at which photons are absorbed by tissue. A typical PBM device
may produce an irradiance of 0.05W cm™ at the tip of the probe. When planning a session, the practitioner
must balance irradiance against exposure time to achieve the desired energy dose while avoiding thermal
overload.

**4. Fluence** — Also called energy density, fluence is the total energy delivered per unit area, expressed in

joules per square centimeter (Jcm™). Fluence is obtained by multiplying irradiance by the exposure time (t):
Fluence =irradiance x t. If a clinician sets an irradiance of 0.05W cm™ for 60 seconds, the resulting fluence is
3Jcm™. Fluence is often the primary prescription parameter in PBM protocols because it directly correlates
with the biological effect.

**5. Dose** — In PBM terminology, dose usually refers to the total energy delivered to a defined tissue
volume, taking into account both fluence and the area of illumination. Dose can be expressed as Jcm™
(surface dose) or as Jcm™ (volumetric dose) when depth considerations are incorporated. For example, a
surface dose of 4Jcm™ applied over a 5cm? wound area yields a total energy of 20J. When the same
energy is delivered to a deeper target (e.G., A peripheral nerve), the effective dose may be reduced due to
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scattering and absorption.

**6. Power Output** — The absolute power generated by the light source, measured in watts (W). Power
output is a fixed characteristic of the device, but it can be modulated by adjusting the duty cycle or by
selecting different emission modes (continuous wave versus pulsed). A 100 mW laser diode has a power
output of 0.1W; if the device is set to a 50 % duty cycle, the average power becomes 0.05W, which directly
influences irradiance at the treatment site.

**7. Duty Cycle** — The proportion of time that the light source is active within a given cycle, expressed as a
percentage. In pulsed PBM, a duty cycle of 30 % means the light is on for 30 % of each pulse period and off
for the remaining 70 %. Adjusting the duty cycle allows clinicians to reduce average power while
maintaining peak irradiance, which can be advantageous for minimizing thermal load while preserving
photochemical stimulation.

**8. Pulse Frequency** — The number of pulses emitted per second, measured in hertz (Hz). Pulse frequency
affects the temporal pattern of photon delivery. Some studies suggest that frequencies around 10 Hz
promote mitochondrial activity, whereas higher frequencies (e.G., 100 Hz) may influence calcium signaling
pathways. When constructing a treatment plan, the practitioner must decide whether continuous or pulsed
delivery will better match the intended cellular response.

**9. Beam Profile** — The spatial distribution of irradiance across the emitted beam. Common profiles
include Gaussian, top-hat, and elliptical. A Gaussian beam has a higher intensity at the centre and tapers
toward the edges, which can lead to non-uniform dosing across the treatment area. A top-hat profile
provides a more uniform irradiance, simplifying dose calculations. Understanding beam profile is crucial
when treating irregularly shaped lesions or when multiple overlapping fields are used.

**10. Spot Size** — The diameter (or area) of the light beam at the point of contact with the tissue, often
expressed in centimeters (cm) or square centimeters (cm?). A small spot size (e.G., 0.04 Cm?) yields a higher
irradiance for a given power output, while a larger spot size distributes the same power over a broader area,
reducing irradiance. Spot size selection is therefore a strategic decision: Small spots are used for localized
stimulation, whereas larger spots are employed for diffuse tissue coverage.

**11. Penetration Depth** — The distance that photons travel into tissue before their intensity falls to 1/e
(=37 %) of the surface value. Penetration depth depends on wavelength, tissue optical properties, and
scattering. Near-infrared light at 830 nm typically penetrates 3-5cm in muscle, while red light at 660 nm
may only reach 1-2 cm. Accurate knowledge of penetration depth informs the clinician about the feasibility
of reaching a target organ without invasive delivery.

**12. Optical Window** — The spectral range in which tissue absorption is minimal, allowing photons to
travel the greatest distance. The therapeutic window for PBM (600-1100 nm) is defined by the optical
window. Devices operating outside this window (e.G., Ultraviolet or far-infrared) are less effective for deep
photobiomodulation because of higher absorption by water and melanin.

**13. Absorption Coefficient (pa)** — A tissue-specific parameter that quantifies how strongly photons are
absorbed per unit path length, expressed in inverse centimeters (cm™). Higher ua values indicate greater
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photon loss to absorption, reducing the amount of light that reaches deeper layers. For example,
hemoglobin exhibits a high pa in the 500-600 nm range, which is why blue light is heavily attenuated in
vascularized tissues.

**14, Scattering Coefficient (us)** — A measure of the probability that photons will be deviated from their
original trajectory per unit distance, also expressed in cm™. Scattering broadens the photon path, effectively
increasing the distance photons travel before reaching a target. In highly scattering media such as skin, the
combination of absorption and scattering determines the effective attenuation coefficient (peff).

**15. Attenuation Coefficient (peff)** — The combined effect of absorption and scattering on photon
propagation, calculated as peff = v[3pa(pa + ps')], where ps’ is the reduced scattering coefficient. Meff
provides a single value that predicts the exponential decay of light intensity with depth. Treatment planners
use peff to model dose distribution in heterogeneous tissues.

**16. Reduced Scattering Coefficient (us’)** — The scattering coefficient adjusted for the anisotropy factor
(g), representing the average cosine of scattering angles. Ms' = us(1 - g). Because biological scattering is
highly forward-directed (g = 0.9), Ms" is substantially lower than ps, simplifying calculations for light
transport models.

**17. Tissue Optical Properties** — The set of parameters (pa, ps, ps', peff) that describe how light interacts
with a specific tissue type. Optical properties vary with wavelength, hydration, and pathological state. For
instance, scar tissue often exhibits increased pa due to collagen density, which can reduce photon
penetration compared to normal dermis. Accurate optical property data are essential for personalized
dosimetry.

**18. Light-Tissue Interaction Models** — Mathematical frameworks used to predict photon distribution
within tissue. The most common models are the Beer-Lambert law for simple homogeneous media, the
diffusion approximation for highly scattering tissues, and Monte-Carlo simulations for complex geometries.
Selecting an appropriate model balances computational effort against accuracy; Monte-Carlo methods,
while resource-intensive, can capture the effects of layered structures such as skin, fat, and muscle.

**19. Treatment Area** — The region of the patient’s body that will receive illumination. Defining the
treatment area is necessary for calculating total energy and for ensuring uniform coverage. In practice,
clinicians may map the area using a transparent template or a digital imaging system, then adjust spot size
and overlap to achieve the desired fluence across the entire region.

**20. Overlap Ratio** — The percentage of area where adjacent light spots intersect during scanning.
Overlap ensures that no gaps receive sub-therapeutic fluence. A common practice is to set a 20-30%
overlap for raster scanning of large wounds. The overlap ratio directly influences the total treatment time
because higher overlap requires more passes.

**21. Scanning Speed** — The velocity at which a moving light probe traverses the treatment area, typically
expressed in centimeters per second (cms™"). Scanning speed, together with irradiance, determines the
fluence delivered per unit length. For a fixed irradiance of 0.05W cm™, a scanning speed of 2cms™ yields a
fluence of 0.025J)cm™ per pass; slowing the speed doubles the fluence.
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**22. Treatment Time** — The total duration for which the patient is exposed to the therapeutic light.
Treatment time is derived from the desired fluence, irradiance, and spot size. For a fixed fluence of 4Jcm™
and an irradiance of 0.05W cm™, the exposure time per spot is 80seconds. In practice, clinicians may split
this into multiple shorter sessions to improve patient comfort and to mitigate cumulative heating.

**23. Cumulative Dose** — The sum of energy delivered over multiple treatment sessions. Cumulative dose
is a critical concept because many PBM effects are dose-dependent over days or weeks. For example, a
protocol that administers 4Jcm™ per session for ten sessions results in a cumulative dose of 40Jcm™.
Monitoring cumulative dose helps avoid under- or over-treatment.

**24. Therapeutic Window (dose-response)** — The range of doses that produce a beneficial biological
effect without causing adverse outcomes. In PBM, the therapeutic window is often described as a biphasic
dose-response (also known as hormesis), where low doses stimulate and high doses inhibit cellular activity.
Understanding the therapeutic window guides clinicians to stay within the optimal fluence range, typically
1-10J cm™2 for many indications.

**25. Dose-Response Curve** — A graphical representation of the relationship between delivered dose and
observed biological effect. The curve may exhibit a peak (optimal dose) followed by a decline at higher
doses. When planning treatment, practitioners reference published dose-response data for the specific
indication (e.G., Nerve regeneration) to select a dose that lies near the peak of efficacy.

**26. Biostimulation** — The process by which photons induce cellular activity, most often through the
activation of mitochondrial respiratory chain components. Biostimulation underlies the therapeutic effects
of PBM, including increased ATP production, modulation of reactive oxygen species, and up-regulation of
transcription factors. The term is used to differentiate photochemical effects from purely thermal effects.

**27. Photochemical vs. Photothermal Effects** — Photochemical effects arise from photon absorption by
chromophores leading to biochemical changes, while photothermal effects result from conversion of light
energy into heat. In PBM, the goal is to maximize photochemical stimulation while keeping temperature rise
below 1°C to avoid tissue damage. Dosimetric calculations therefore include safety margins for thermal
load.

**28. Temperature Rise (AT)** — The increase in tissue temperature caused by light absorption. AT can be
estimated using the bio-heat equation, which incorporates irradiance, tissue perfusion, and thermal
conductivity. For most PBM protocols, AT is kept below 0.5 °C, ensuring that observed outcomes are
attributable to photochemical mechanisms rather than heat-induced vasodilation.

**29. Safety Margin** — The factor applied to calculated dose parameters to account for uncertainties such
as device calibration drift, patient movement, and variability in tissue optical properties. A common safety
margin is 10% for irradiance and 15 % for fluence. Incorporating safety margins reduces the risk of
inadvertently exceeding the therapeutic window.

**30. Calibration** — The process of verifying that the device’'s output matches the manufacturer's
specifications. Calibration typically involves measuring power with a calibrated photodiode or integrating
sphere. Regular calibration (e.G., Monthly) is required to maintain accurate dosimetry. Calibration data are
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recorded in a logbook and referenced during treatment planning to adjust for any deviations.

**31. Beam Divergence** — The angular spread of the light beam as it propagates away from the source.
Divergence influences spot size at a given distance from the probe. A low-divergence beam maintains a
small spot over longer distances, which is useful for treating deep targets without moving the probe too
close to the skin. Beam divergence is quantified in degrees or milliradians.

**32. Distance to Target** — The separation between the light source and the tissue surface. Changing this
distance alters irradiance due to the inverse-square law (irradiance o 1/d?). In practice, clinicians often
maintain a fixed distance (e.G., 1Cm) using a spacer to standardize dosing. When the distance varies, the
treatment plan must be adjusted accordingly.

**33. Spacer** — A physical device that keeps the light probe at a predetermined distance from the skin.
Spacers are particularly useful when treating irregular surfaces, as they ensure consistent irradiance across
the treatment area. Using a spacer also reduces the risk of accidental contact that could increase local
heating.

**34. Contact Mode vs. Non-Contact Mode** — Contact mode involves direct placement of the probe on the
skin, which can improve coupling and reduce reflection losses. Non-contact mode relies on a small gap,
which may be necessary for sterile fields or when treating delicate tissues. The chosen mode influences the
required irradiance to achieve the same fluence.

**35. Reflection Losses** — The portion of incident light reflected at the tissue surface, typically 2-5% for
skin due to the refractive index mismatch. Anti-reflective coatings on the probe tip can reduce these losses,
improving overall efficiency. In treatment planning, reflection losses are accounted for by adjusting the
calculated irradiance upward.

**36. Transmission Losses** — Energy lost as light passes through intervening media such as gels, dressings,
or protective barriers. Transmission losses are quantified by the transmittance factor (T), where T=0.9
Indicates a 10 % reduction. When a gel is used to improve coupling, its transmittance must be measured
and factored into the dose calculation.

**37. Dose Uniformity** — The consistency of fluence across the entire treatment area. Uniformity is assessed
by measuring fluence at multiple points using a calibrated sensor. A uniformity index of <10 % variation is
generally considered acceptable for clinical PBM. Achieving uniformity may require overlapping passes,
adjusting scanning speed, or employing beam-shaping optics.

**38. Fractionation** — The division of a total dose into smaller sub-doses delivered over separate sessions.
Fractionation is a cornerstone of PBM protocols, as it allows cumulative biological effects while minimizing
fatigue or thermal accumulation. A typical fractionation schedule might involve 3Jcm™ per session,
administered three times per week for four weeks.

**39. Repetition Rate** — In pulsed delivery, the number of pulses per second (identical to pulse frequency).
Repetition rate, together with duty cycle, determines the average power. For a device operating at 100 Hz
with a 20 % duty cycle, the average power is 0.2 x Peak power. Selecting an appropriate repetition rate can
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fine-tune the balance between photochemical stimulation and thermal safety.

**40. Peak Power** — The instantaneous power during the “on” phase of a pulse. Peak power can be orders
of magnitude higher than average power, especially at low duty cycles. High peak power may enhance
certain nonlinear photobiological processes, but it also raises the risk of localized heating. Clinicians must
verify that peak power stays within the device's safety specifications.

**41. Energy Efficiency** — The ratio of useful optical energy emitted by the device to the electrical energy
consumed. High-efficiency lasers (> 30 %) reduce electrical heating and extend battery life for portable
systems. Energy efficiency is a consideration when selecting equipment for field-based applications such as
sports therapy.

**42. Beam Homogeneity** — The degree to which irradiance is constant across the beam cross-section.
Homogeneous beams simplify dose calculations because a single irradiance value applies to the entire spot.
Inhomogeneous beams require spatial mapping and may lead to hotspots if not properly managed.

**43. Spot Overlap Strategy** — A systematic approach to arranging consecutive beam positions to achieve
desired fluence distribution. Strategies include raster scanning, spiral patterns, and concentric circles. The
chosen strategy influences treatment time, uniformity, and patient comfort. For irregular wounds, a
custom-drawn pattern may be digitized and imported into a treatment-planning software.

**44. Treatment Planning Software** — Computer programs that integrate device specifications, patient
anatomy, and optical property data to generate dose maps. These tools can simulate photon propagation
using Monte-Carlo algorithms, predict fluence distribution, and suggest optimal probe trajectories. Modern
software often includes a library of pre-configured protocols for common indications, which can be
customized by the practitioner.

**45. Anatomical Mapping** — The process of correlating the patient's anatomical features with the
treatment grid. Mapping can be performed manually using surface landmarks or automatically via 3-D
scanning. Accurate anatomical mapping ensures that the prescribed dose aligns with the target tissue,
especially when treating deep structures that are not visible on the surface.

**46. Depth Dose Curve** — A plot showing how fluence decreases with depth beneath the tissue surface.
Depth dose curves are derived from measured or simulated attenuation coefficients. Knowledge of the
depth dose curve enables clinicians to estimate the energy reaching a target located several centimeters
beneath the skin, and to adjust surface fluence accordingly.

**47. Target Volume** — The three-dimensional region intended to receive therapeutic photons. Defining the
target volume involves specifying its shape, size, and depth. In neuro-rehabilitation, the target volume
might be the motor cortex, requiring a surface fluence that compensates for attenuation through scalp and
skull.

**48. Margin of Error** — The acceptable range of deviation between planned and delivered dose. In PBM, a
margin of £ 10% is often tolerated, reflecting the inherent variability in biological response. Reducing the
margin of error improves reproducibility and facilitates outcome comparison across studies.
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**49. Quality Assurance (QA)** — A systematic set of procedures to ensure that devices and protocols
consistently meet predefined standards. QA activities include daily power checks, periodic calibration,
verification of beam profile, and documentation of treatment parameters. A robust QA program is essential
for maintaining confidence in dose accuracy.

**50. Standard Operating Procedure (SOP)** — A written protocol that outlines each step of the treatment
process, from device preparation to post-treatment documentation. SOPs incorporate dosimetric
calculations, safety checks, and patient consent forms. Adherence to SOPs minimizes variation between
operators and supports regulatory compliance.

**51. Patient Positioning** — The method of aligning the patient’s body to ensure consistent illumination of
the target area. Positioning aids such as adjustable chairs, cushions, and fixation devices are used to reduce
movement. Misalignment can lead to under-dosing or unintended exposure of adjacent tissues.

**52. Motion Artifacts** — Dose variations caused by patient movement during exposure. Motion artifacts
are mitigated by using fast scanning speeds, brief pulse durations, or immobilization devices. In some
protocols, real-time monitoring of irradiance (using a built-in sensor) alerts the operator to significant
fluctuations.

**53. Inter-Operator Variability** — Differences in dose delivery that arise when multiple clinicians administer
the same protocol. Training, SOP adherence, and automated planning tools help to reduce inter-operator
variability. Studies often report a coefficient of variation (CV) of 5-8 % when standardized procedures are
followed.

**54. Intra-Operator Variability** — Dose inconsistencies that occur when the same clinician repeats a
treatment on different days. Factors such as probe angle, pressure, and ambient lighting can affect
irradiance. Regular self-audits and use of positioning guides help maintain consistency.

**55. Clinical Outcome Measures** — Objective or subjective parameters used to assess the effectiveness of
PBM. Examples include wound closure rate (percentage reduction in wound area per week), pain visual
analogue scale (VAS) scores, and functional mobility tests (e.G., Timed Up-and-Go). Linking dosimetric
parameters to outcome measures is essential for evidence-based practice.

**56. Dose-Optimization** — The iterative process of adjusting dosimetric variables to achieve maximal
therapeutic effect while minimizing adverse events. Optimization may involve tweaking fluence, adjusting
spot overlap, or modifying pulse frequency based on patient response. Computational models can
accelerate dose-optimization by predicting outcomes before clinical implementation.

**57. Personalized Dosimetry** — Tailoring dose parameters to the individual characteristics of each patient,
such as skin pigmentation, tissue thickness, or metabolic state. Personalized dosimetry often requires
measuring the patient’s optical properties using spectroscopic devices, then feeding these values into a
simulation to compute the required surface fluence.

**58. Pigmentation Index** — A quantitative measure of skin melanin content, influencing absorption in the
visible spectrum. Higher pigmentation leads to greater attenuation of red light, necessitating higher surface
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fluence to achieve the same deep dose. The pigmentation index can be obtained using a melanin meter or
spectrophotometer.

**59. Tissue Thickness Mapping** — The assessment of the distance from the skin surface to the target
tissue. Ultrasound or MRI can provide thickness data, which are incorporated into the depth dose
calculation. For example, a 2cm subcutaneous fat layer overlying a tendon may require a surface fluence of
6Jcm™ to deliver 3Jcm™ at the tendon surface.

**60. Bio-feedback** — Real-time monitoring of physiological parameters (e.G., Blood flow, oxygen
saturation) during PBM. Bio-feedback can guide adjustments in irradiance or exposure time to maintain the
desired therapeutic window. Near-infrared spectroscopy (NIRS) is a common bio-feedback tool that tracks
changes in tissue oxygenation.

**61. Light-Induced Cytokine Modulation** — The alteration of inflammatory mediator levels in response to
photon exposure. Certain fluence ranges suppress pro-inflammatory cytokines (e.G., TNF-a) while
enhancing anti-inflammatory cytokines (e.G., IL-10). Understanding the dose-response relationship for
cytokine modulation informs protocol selection for inflammatory conditions.

**62. Reactive Oxygen Species (ROS) Balance** — The equilibrium between ROS production and antioxidant
defenses. Low-to-moderate fluence stimulates ROS as signaling molecules, promoting cellular repair.
Excessive fluence can overwhelm antioxidant capacity, leading to oxidative stress. Dosimetric planning aims
to stay within the beneficial ROS range.

**63. ATP Augmentation** — The increase in cellular adenosine triphosphate levels following PBM. ATP
augmentation is dose-dependent, with peak increases observed at specific fluence values (often around 3-
5Jcm™). Measuring ATP levels in vitro provides a benchmark for calibrating clinical dose ranges.

**64. Gene Expression Up-Regulation** — The activation of genes involved in proliferation, migration, and
angiogenesis after photon exposure. Dose thresholds for gene up-regulation have been identified for
various wavelengths; for example, 660 nm light at 4)cm™ can up-regulate VEGF expression in fibroblasts.
Incorporating such data into treatment planning helps align clinical goals with molecular mechanisms.

**65. Clinical Protocol Template** — A pre-structured document that outlines the recommended dose
parameters for a specific indication. Templates include sections for device settings, patient preparation,
safety checks, and documentation fields. Using a template reduces the likelihood of omitting critical
dosimetric details.

**66. Documentation** — The systematic recording of all treatment parameters, device settings, patient
responses, and any deviations from the protocol. Documentation is essential for legal compliance, quality
improvement, and research data collection. Digital logs often integrate automatically with the
treatment-planning software, ensuring traceability.

**67. Regulatory Compliance** — Adherence to national and international standards governing medical light
devices, such as [IEC60601-2-33 for laser safety and FDA 510(k) clearance in the United States. Compliance
includes maintaining up-to-date device certifications, performing risk assessments, and providing patient
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information on exposure limits.

**68. Risk Assessment** — The process of identifying potential hazards associated with PBM (e.G., Eye injury,
burns) and implementing controls to mitigate them. Risk assessment matrices assign severity and likelihood
scores, guiding the development of protective measures such as goggles, exposure time limits, and
emergency protocols.

**69. Protective Eyewear** — Specialized glasses that filter harmful wavelengths while allowing therapeutic
photons to pass. Protective eyewear is mandatory when operating lasers above 5mW, and the optical
density (OD) must be appropriate for the wavelength used. The selection of eyewear is part of the safety
checklist in the SOP.

**70. Eye-Safety Threshold** — The maximum permissible exposure (MPE) for the retina, expressed in Jcm™.
Exceeding the MPE can cause photochemical damage. Dosimetric calculations must ensure that the
cumulative fluence at the eye remains below the MPE, especially when treating facial regions where
scattered light may reach the eyes.

**71. Thermal Monitoring** — The use of infrared cameras or contact thermometers to track temperature
changes during PBM. Thermal monitoring is particularly important for high-irradiance protocols or when
treating areas with limited blood flow. Data from thermal monitoring can be fed back into the treatment
plan to adjust exposure parameters in real time.

**72. Dose-Tracking Device** — A sensor attached to the probe that records the actual energy delivered
during each session. Dose-tracking devices provide an audit trail and can alert the operator if the delivered
dose deviates from the prescribed value. Integration with electronic health records facilitates longitudinal
analysis of treatment efficacy.

**73. Inter-Session Interval** — The time elapsed between consecutive treatment sessions. Biological
recovery processes, such as mitochondrial repopulation, may require specific intervals to achieve optimal
outcomes. For example, a 48-hour interval is often recommended for inflammatory conditions, whereas
daily sessions may be preferred for acute pain relief.

**74, Contraindications** — Clinical situations where PBM should not be applied. Common contraindications
include active malignancy at the treatment site, photosensitivity disorders, and pregnancy (for certain
wavelengths). Knowledge of contraindications is incorporated into the screening checklist before dose
calculation.

**75. Side Effects** — Unintended outcomes associated with PBM, generally mild and transient. Reported
side effects include erythema, temporary hyperpigmentation, and localized heating sensations. Accurate
dosimetry helps keep side effects within acceptable limits by preventing over-exposure.

**76. Clinical Trial Design** — The framework for evaluating PBM efficacy, which relies on precise dosimetric
control. Randomized controlled trials must standardize dose parameters across participants, and any
deviation must be documented. The dose-response relationship is often a primary endpoint, underscoring
the need for rigorous dosimetry.
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**77. Placebo Control** — In PBM studies, a sham device that mimics the appearance and sound of the
active device but emits no therapeutic light. Placebo control requires careful matching of all non-light
variables to ensure that observed effects are attributable to the photon dose. Dosimetric blinding is
achieved by programming the sham device to deliver sub-therapeutic fluence (e.G., 5°) creates a broader
illumination pattern, useful for superficial treatments.

**98. Optical Fiber Delivery** — The use of flexible fibers to transmit light from the source to the treatment
site. Fiber optics enable access to confined anatomical regions (e.G., Intra-oral lesions). Fiber diameter,
numerical aperture, and length affect the output irradiance and must be accounted for in dosimetry.

**99. Numerical Aperture (NA)** — A property of an optical fiber that determines its light-gathering ability.
Higher NA fibers accept a wider range of incident angles, increasing output power but also potentially
spreading the beam. Selecting an appropriate NA balances delivery efficiency with spot size requirements.

**100. Calibration Curve** — A graph that relates device power settings to measured output, typically
generated during the calibration process. The calibration curve allows the operator to translate a desired
irradiance into the corresponding device control setting (e.G., Dial position or digital value).

**101. Power Meter** — An instrument used to measure the output power of a light source. Power meters
must be calibrated against a traceable standard and are essential for verifying device performance before
clinical use.

**102. Integrating Sphere** — An optical component that captures all emitted light from a source, enabling
accurate measurement of total power regardless of beam shape. Integrating spheres are employed during
device certification to ensure that manufacturers report true output values.

**103. Beam Alignment** — The process of ensuring that the emitted beam is centered and perpendicular to
the target surface. Misalignment can cause uneven dose distribution and reduce treatment efficacy.
Alignment tools such as laser guides or alignment jigs are used during setup.

**104. Contact Pressure** — The force applied by the probe onto the skin. Excessive pressure can compress
tissue, altering optical properties and potentially increasing local heating. Standardizing contact pressure
(e.G., Using a spring-loaded holder) improves reproducibility.

**105. Ambient Light Influence** — The effect of surrounding illumination on dosimetric measurements.
Ambient light can introduce background signals in sensor readings, leading to overestimation of delivered
dose. Measurements should be performed in a controlled lighting environment or with background
subtraction.

**106. Light-Induced Angiogenesis** — The formation of new blood vessels stimulated by PBM.
Angiogenesis is dose-dependent; fluences between 2 and 8Jcm™ have been shown to up-regulate VEGF
and promote capillary growth. Treatment planning for chronic wounds often targets this dose range.

**107. Tissue Oxygenation** — The level of oxygen present in the target tissue, which influences the efficacy
of PBM. Adequate oxygen is required for mitochondrial respiration and ROS signaling.
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