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Laser Power and Dosing - Understanding the Units of 
Measurement in Laser Therapy 

A Practical Guide to Watts, Joules, Irradiance, Fluence and How They Relate 

1. Introduction  
Laser therapy – or photobiomodulation (PBM) which covers low-level laser therapy (LLLT) and higher-power 
Class IV therapy – relies on delivering a precise amount of light energy to biological tissue. To prescribe and 
replicate a treatment, clinicians must speak the same language: how strong is the beam, how long does it 
run, how big is the spot, and how much energy actually reaches the target? 

This guide sets out the fundamental units used in laser therapy, explains what each one physically 
represents, and shows how they connect through simple formulas. Worked examples are provided so that 
the relationships become intuitive rather than abstract. 

2. The Four Core Quantities 
Almost every dosing decision in laser therapy comes down to four quantities. The first two describe the 
beam itself; the second two describe what that beam does to the tissue. 

2.1 Power (Watts, W) 
Power is the rate at which the laser emits energy. It is measured in watts (W), where one watt equals one 
joule of energy delivered per second. Therapy lasers commonly range from a few milliwatts (mW) for Class 
3R devices, up to 10 W or more for Class IV devices. 

Key idea: Power tells you how fast energy comes out of the laser; not how much energy has been 
delivered. A 500 mW laser left on for one second delivers very little energy; the same laser left on for a 
minute delivers a great deal. 

2.2 Energy (Joules, J) 
Energy is the total amount of light delivered over the duration of the treatment. It is measured in joules (J). 
Energy - not power - is the quantity most closely linked to biological effect, which is why treatment 
protocols are usually prescribed in joules per point, per region, or per condition. 

Energy (J) = Power (W) × Time (s) 

Example 2.1 
A 0.5 W (500 mW) laser is held on a trigger point for 60 seconds. 

Energy = 0.5 W × 60 s = 30 J 

If the same laser were used for only 20 seconds, the dose would fall to 10 J - the power did not change, 
but the delivered energy did. 
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2.3 Irradiance (Power Density, W/cm²) 
Irradiance - also called power density - describes how concentrated the beam is. It is the power divided by 
the area of the beam spot at the tissue surface, expressed in watts per square centimetre (W/cm²). 

Irradiance (W/cm²) = Power (W) ÷ Spot Area (cm²) 

Because the spot is normally circular, the area is calculated from the radius (half the spot diameter): 

Spot Area (cm²) = π × r² 

Why it matters: Two lasers delivering the same wattage can feel - and behave - very differently if their spot 
sizes differ. A 1 W beam focused into a 0.1 cm² spot is ten times more intense than the same 1 W spread 
over 1 cm². Irradiance drives heating and depth of penetration. 

Example 2.2 
A 1 W laser has a circular beam with a 1 cm diameter (so r = 0.5 cm). 

Spot area = π × (0.5)² = π × 0.25 ≈ 0.785 cm² 

Irradiance = 1 W ÷ 0.785 cm² ≈ 1.27 W/cm² 

2.4 Fluence (Energy Density or Dose, J/cm²) 
Fluence - also called energy density or dose - is the total energy delivered per unit area of tissue. It is the 
quantity most often cited in clinical protocols and research papers, because it captures both how strong the 
beam is and how long it is applied for. Fluence is measured in joules per square centimetre (J/cm²). 

Fluence (J/cm²) = Energy (J) ÷ Spot Area (cm²) 

Equivalently, because Energy = Power × Time and Irradiance = Power ÷ Area: 

Fluence (J/cm²) = Irradiance (W/cm²) × Time (s) 

Example 2.3 
Using the 1 W laser from Example 2.2 (spot area ≈ 0.785 cm², irradiance ≈ 1.27 W/cm²), held in place 
for 30 seconds: 

Energy = 1 W × 30 s = 30 J 

Fluence = 30 J ÷ 0.785 cm² ≈ 38.2 J/cm² 

Or, using the alternative formula: Fluence = 1.27 W/cm² × 30 s ≈ 38.1 J/cm² (the small difference is 
rounding). 
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3. How the Quantities Relate 
The four quantities form a connected web. Once you know any two of them (together with the spot area), 
the others can be calculated. The diagram below summarises the relationships. 

Power (W)  × Time  ▶   Energy (J) 

÷ Area↓                      ÷ Area↓ 

Irradiance (W/cm²)  × Time ▶   Fluence (J/cm²) 

Read horizontally, multiplying by time converts a rate quantity (power or irradiance) into a total quantity 
(energy or fluence). Read vertically, dividing by spot area converts a beam quantity (power or energy) into a 
tissue-surface quantity (irradiance or fluence). 

4. Quick Reference Table 
The table below summarises each quantity, its units, what it measures, and the formula linking it to the 
others. 

Quantity Unit What it measures Formula 

Power Watt (W) Rate of energy emission from the 
laser 

P = E ÷ t 

Energy (Dose) Joule (J) Total light energy delivered E = P × t 

Spot Area cm² Cross-sectional area of the beam 
at the tissue 

A = π × r² 

Irradiance (Power 
Density) 

W/cm² How concentrated the beam is Ir = P ÷ A 

Fluence (Energy 
Density / Dose) 

J/cm² Total energy delivered per unit 
area 

F = E ÷ A  or  F = Ir × t 

Time Seconds (s) Duration of laser application t = E ÷ P 
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5. Two Complete Clinical Examples 
The same set of formulas applies whether the device is a high-power Class IV laser or a lower-power Class 
3B laser. The two examples below treat an identical 4 cm × 5 cm region of lateral epicondylitis to the same 
prescribed fluence of 12 J/cm², so the only thing that really changes between them is the time taken. 

5.1 Example One — Class IV laser, 5 W output 
A clinician is treating a 4 cm × 5 cm region of lateral epicondylitis using a Class IV laser. The protocol calls 
for a fluence of 12 J/cm² over the affected area. The laser has a continuous output of 5 W and a probe spot 
size of 1 cm² at the skin. 

Step 1 - Total area 

Treatment area = 4 cm × 5 cm = 20 cm² 

Step 2 - Total energy required 

Energy = Fluence × Area = 12 J/cm² × 20 cm² = 240 J 

Step 3 - Irradiance at the tissue 

Irradiance = 5 W ÷ 1 cm² = 5 W/cm² 

Step 4 - Treatment time 

Time = Energy ÷ Power = 240 J ÷ 5 W = 48 seconds 

Result: The clinician should move the 1 cm² probe steadily over the 20 cm² region for a total of 48 seconds 
(about 2.4 seconds per cm²) to deliver the prescribed 12 J/cm² dose. 

5.2 Example Two - Class 3B laser, 1 W output 
The same patient is treated by a different clinician using a Class 3B laser. The treatment area and 
prescribed fluence are unchanged - 20 cm² to be dosed at 12 J/cm² - but this device has a continuous 
output of 1 W. For a fair comparison the probe spot size is also 1 cm² at the skin. 

Step 1 - Total area 

Treatment area = 4 cm × 5 cm = 20 cm² 

Step 2 - Total energy required 

Energy = Fluence × Area = 12 J/cm² × 20 cm² = 240 J 

Step 3 - Irradiance at the tissue 

Irradiance = 1 W ÷ 1 cm² = 1 W/cm² 

Step 4 - Treatment time 

Time = Energy ÷ Power = 240 J ÷ 1 W = 240 seconds (4 minutes) 

Result: To deliver the same 12 J/cm² dose, the 1 cm² probe must be moved steadily over the 20 cm² region 
for 240 seconds (12 seconds per cm²) - five times longer than the Class IV device. 
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5.3 Comparing the Two Treatments 
Both treatments deliver exactly the same total energy (240 J) and the same fluence (12 J/cm²) to the same 
area. From a dosing point of view the prescriptions are identical. What differs is the rate at which the 
energy arrives: the Class IV device has five times the irradiance of the Class 3B device, so it finishes the job 
in one-fifth of the time, but it also produces more thermal effect (heating) during treatment. The Class 3B 
device delivers the same dose more slowly and with less heating - a useful trade-off when treating 
sensitive tissue or when non-thermal photobiomodulation effects are the objective. 

Parameter Class IV (5 W) Class 3B (1 W) 

Treatment area 20 cm² 20 cm² 

Prescribed fluence 12 J/cm² 12 J/cm² 

Total energy delivered 240 J 240 J 

Irradiance at tissue 5 W/cm² 1 W/cm² 

Treatment time 48 seconds 240 seconds (4 min) 

6. Common Pitfalls and Practical Notes 

6.1 Confusing power with dose 
A higher-wattage laser is not automatically a stronger treatment. A 10 W laser applied for 5 seconds 
delivers 50 J, while a 0.5 W laser applied for 2 minutes delivers 60 J. Dose is the product of power and time. 
 

6.2 Ignoring spot size 
Manufacturers' quoted spot sizes can vary with distance from the tissue, and contact vs non-contact 
application changes the effective area. Because both irradiance and fluence depend on area, a small error 
in spot size produces a proportionally large error in calculated dose. 
 

6.3 Pulsed vs continuous output 
For pulsed lasers, the relevant quantity for dose calculations is the average power, not the peak power 
within a pulse. Average power should be displayed on the device or stated in its manual. 
 

6.4 Tissue penetration is not in these formulas 
Wavelength (measured in nanometres, nm) determines how deeply light penetrates tissue. The formulas 
in this guide describe the dose delivered at the surface; how much actually reaches a deep target also 
depends on wavelength, tissue type, skin pigmentation, and probe contact. Typical therapeutic 
wavelengths range from 600-700 nm (red, shallower) to 800-1100 nm (near-infrared, deeper). 
 

6.5 Confusing IEC laser classification and device power 
A common misunderstanding is that IEC laser class maps directly onto therapeutic power. This is incorrect. 
IEC 60825-1 classifies laser products by the risk of ocular injury - specifically, the accessible emission 
through a 7 mm limiting aperture under reasonably foreseeable viewing conditions - not by total device 
output. A Class 3B device using multiple emitters or a sufficiently divergent beam - such as the Avant LZ30 
laser - can deliver more than 500 mW of total therapeutic power, because no single accessible emission 
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exceeds the Class 3B limit. Conversely, a single-aperture Class IV device may operate at a comparable 
therapeutic power but carries the higher classification because of its emission profile. When comparing 
devices for dosing purposes, the parameters that matter are average output power, energy, irradiance and 
fluence - not the IEC class label. 

7. Summary 
Laser therapy dosing rests on four interlocking quantities. Power (W) is how fast energy leaves the device; 
energy (J) is how much has been delivered; irradiance (W/cm²) is how concentrated the beam is on the 
tissue; and fluence (J/cm²) is the dose delivered per unit area. Time and spot area are the bridges that 
connect them. Once these relationships are understood, any therapy prescription - whether stated in joules 
per point, J/cm² per region, or seconds per spot - can be cross-checked, adapted, and reproduced reliably. 
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