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Abstract Intensity Modulated Radiation Therapy (IMRT) is considered a crucial treatment for Head and Neck cancers for several key 

reasons related to the complexity of the tumor locations, the proximity to critical structure (organ at risk), and the need for precise dose 

delivery – distribution. Head and Neck cancer involve areas with highly heterogeneous tissues, which can present significant challenges for 

traditional radiation therapy techniques. IMRT addresses these challenges by offering highly conformal and precise radiation delivery that 

targets the tumor while minimizing damage to surrounding healthy tissue. In the context of IMRT, the mathematical algorithms, AAA 

(Anisotropic Analytical Algorithm) and Convolution/Superposition part of Monte Carlo Algorithm, are used in different aspects of treatment 

planning and dose calculation. Both algorithms are designs to compute the dose distribution in the body from radiation beams used IMRT, 

but they do so in distinct ways, and each has specific, use cases depending on the treatment and patient anatomy. Both algorithms, in IMRT 

are ultimately concerned with how radiation interacts with matter, specifically hoe energy deposition occurs in tissue as the radiation passes 

through them. The AAA and C/S algorithm consider tissues heterogeneity, but they model these interactions differently, which affects how 

they calculate the dose distribution. In our department of radiotherapy, of Amerikan Hospital Tirana we have installed and use both 

algorithms, in different treatment planning system which are developed by Varian and Elekta production company.  
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Introduction 
In the context of Intensity-Modulated Radiation Therapy (IMRT) 

the AAA algorithm and Convolution / Superposition algorithm are 

used in different aspects of treatment planning and dose calculation. 

Both algorithms are designed to compute the dose distribution in the 

human body from radiation beams used in IMRT, but they do so in 

distinct ways, and each of them has specific use cases depending on 

the treatment objectives and patient anatomy.   

In radiation therapy, algorithms are often classified as Type A or 

Type B based on the complexity of their dose calculation and their 

approach to handling tissue heterogeneity. These classifications are 

more commonly used in the context of radiation transport and dose 

calculation methods, particularly in relation to their physical 

modeling and precision. 

Type A algorithms are generally considered analytical methods or 

approximations that calculate dose distributions using simplified 

models of radiation transport and tissue interactions. 

AAA is based on an analytical pencil beam model that uses 

simplified physics assumptions to approximate the radiation dose. 

While it includes a correction for tissue heterogeneity (anisotropic 

scattering), it does not simulate the detailed physics of radiation 

interactions. 

Therefore, AAA is classified as a Type A algorithm because it is an 

approximate method with simplified mathematical models to 

estimate the dose distribution. 

Type B algorithms are more advanced and physically detailed, often 

using superposition or convolution techniques to calculate the dose 

distribution. These algorithms are capable of modeling the physical 

interactions of radiation with tissues more accurately, especially in 

heterogeneous areas (e.g., around bone, air, and soft tissue 

interfaces). 

Superposition calculates the dose distribution by adding up the 

contributions from each individual beam and modeling the radiation 

transport with more physical accuracy, especially in complex 

tissues. 

The AAA (Anisotropic Analytical Algorithm) and 

Convolution/Superposition Algorithm are both techniques used in 

the context of solving problems, particularly in fields like signal 

processing, system modeling, and numerical methods. In the 

context of Intensity-Modulated Radiation Therapy (IMRT), the 

AAA (Anisotropic Analytical Algorithm) and C/S 

(Convolution/Superposition) Algorithm are used in different aspects 

of treatment planning and dose calculation. Both algorithms are 

designed to compute the dose distribution in the body from the 

radiation beams used in IMRT, but they do so in distinct ways, and 

each has specific use cases depending on the treatment objectives 

and patient anatomy. 

In the treatment of head and neck cancer using Intensity-Modulated 

Radiation Therapy (IMRT), both, the AAA (Anisotropic Analytical 

Algorithm) and Superposition Algorithm are used, but the 

preference depends on the specific needs of the treatment and the 

clinical environment. 

 

Methodology 
Both algorithms are crucial in IMRT for ensuring that the radiation 

dose is delivered effectively to the tumor while minimizing 

exposure to surrounding healthy tissue. The choice of algorithm 

depends on the specific requirements of the treatment plan, 

including computational speed, accuracy, and the complexity of the 

anatomy involved. 

The AAA (Anisotropic Analytical Algorithm) and the C/S 

(Convolution/Superposition) Algorithm in IMRT are ultimately 

concerned with how radiation interacts with matter, specifically 

how energy deposition occurs in tissues as the radiation passes 

through them. Both algorithms take into account tissue 

heterogeneity (variations in tissue density and composition), but 

they model these interactions differently, which affects how they 

calculate the dose distribution. In radiation therapy, the goal is to 

calculate how much energy is deposited by the radiation beams in 

different parts of the tissue, which in turn affects the biological 

effectiveness of the treatment. The energy deposition is influenced 

by several factors, including: 

 The type and energy of the radiation (e.g., photons, 

protons, etc.). 

 The atomic composition and density of the tissues the 

radiation passes through (heterogeneous tissues like lung, 

bone, muscle, etc.). 

 The geometry of the tumor and surrounding organs. 

Both the AAA and C/S algorithms take into account energy 

deposition in different ways, based on how the radiation interacts 

with matter, especially with tissue heterogeneity. 

The AAA algorithm uses a pencil beam model for dose calculation, 

where it simulates how each individual beam interacts with tissues. 

It then accounts for heterogeneities (like air, bone, muscle) by 

adjusting the dose deposition based on tissue density. 

In terms of energy deposition, AAA calculates how the dose from 

each beam contributes to the overall energy deposition at each point 

in the treatment volume, factoring in the material properties (like 

electron density) of tissues the radiation passes through. [1,7,8] 
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AAA uses a heterogeneity correction to model how radiation 

interacts differently with tissues of varying density (e.g., bone, lung, 

and soft tissue). For example, bone will absorb more energy per unit 

mass than soft tissue because of its higher electron density. 

The energy distribution coming from a single arbitrary β ray (pixel) 

due to photons in a sufficiently large homogeneous region is 

calculated by the formula: 

𝐸𝑝ℎ,𝛽 𝑋 , 𝑌 , 𝑍  = 𝛷𝛽 × 𝐼𝛽 (𝑧, 𝜌) × 𝐾𝛽 (𝑋, 𝑌, 𝑍) 

The photon flux 𝛷𝛽 is assumed to be uniform over the small 

intersections of the 𝛽 beams. 

The energy deposition function 𝐼𝛽 (𝑧, 𝜌) shows the area integral of 

the energy deposited over the surface of the pencil bundle sphere at 

depth z: 

𝐼𝛽  𝑧 =  ℎ𝛽 (𝑡, 𝑣, 𝑧) 𝑑𝑡𝑑𝑣 

where ℎ𝛽  is a poly-energetic kernel of pencil beam derived by 

Monte Carlo simulations.  

The electron density of tissues is a critical factor in calculating dose 

accurately, as it affects how much energy is deposited by the 

photons or particles in each voxel (small unit of 3D space). 

 

 
Figure 1. Mathematical representation convolving a dose kernel 

 

The C/S algorithm is based on convolving a dose kernel (a 

mathematical representation of how radiation energy spreads 

through tissue) with the tissue's density distribution. It essentially 

sums the individual contributions of each beam or radiation 

segment to the total dose, which involves considering how the 

energy spreads and deposits in the tissue figure 1.  

Dose at point 𝑟  is the summation of the TERMA point 𝑇 𝑟 ′  times 

the value of the energy deposition kernel 𝐻(𝑟 − 𝑟 ′   ) originating at 

point r’ and evaluated at point r. 

 

𝐷 𝑟  =   𝑇  𝑟 ′ 𝐻(𝑟 − 𝑟 ′)𝑑3𝑟′  (FFT Convolution) 

 

𝐷 𝑟  =   𝑇  𝑟 ′ 
𝜌 𝑟 ′ 

𝜌 
𝐾𝑝(𝜌   𝑟 − 𝑟 ′    , 𝑟 − 𝑟 ′)𝑑3𝑟′ (Superposition) 

Where ρ (r’) is the density at the interaction point site and 𝜌  is the 

average density along the straight-line path between the interaction 

site and dose deposition site.  

In beamless IMRT, the radiation delivery system can create 

customized beamlets or intensity-modulated beams without the 

traditional mechanism of moving the MLC in real-time. It can 

instead rely on static or pre-calculated beam shapes that do not 

require continuous changes in the beam shape during delivery. [2, 3, 

7, 9] 

The C/S algorithm uses a convolution method to model energy 

deposition, where the dose kernel (which represents the energy 

deposition per unit dose) is convolved with the tissue composition 

(including electron density). 

It also takes into account the heterogeneity of tissues, but with a 

focus on how different tissues attenuate (reduce) or scatter 

radiation, which affects how energy is deposited in the volume of 

interest. (Barret A., Dobbs J., Morris S., Roques T., (2009)) 

The superposition part comes in by adding up the contributions 

from all radiation beams, each of which may interact differently 

with the tissue fig.2. 

 Electron Density is central to both algorithms because it 

influences how radiation is absorbed by tissues. In the 

AAA algorithm, the correction for heterogeneities is 

directly related to electron density, which is used to adjust 

dose calculations for tissues with different compositions. 

 Tissue Composition and Density: Both algorithms model 

how radiation interacts with tissues that have different 

densities and atomic compositions. For example, bone 

(dense, high electron density) absorbs more radiation, 

while lung tissue (low density) attenuates radiation more 

rapidly. This affects the energy deposition in those 

tissues. 

 Radiation Beam Interactions: Both algorithms factor in 

the way radiation beams interact with matter. This 

includes photoelectric effects and Compton scattering (for 

photon beams), which contribute to energy deposition and 

the overall dose distribution. 

In both cases, the goal is to accurately predict how radiation 

interacts with matter and to ensure that the right amount of dose is 

delivered to the tumor while minimizing damage to surrounding 

healthy tissue. 

 

Results and Conclusion  
In the context of Intensity-Modulated Radiation Therapy (IMRT), 

the choice of delivery technique—beamless for the C/S 

(Convolution/Superposition) algorithm and sliding window for the 

AAA —is primarily driven by the characteristics of the algorithms, 

the way they calculate dose distributions, and how they interact 

with the radiation delivery systems.[4,6,7,9] 

The C/S (Convolution/Superposition) algorithm is typically used in 

beamless IMRT systems for several reasons related to how it 

models radiation delivery and dose distribution. 

The C/S algorithm doesn't directly rely on the dynamics of the 

multileaf collimator (MLC) or sliding window technique during 

treatment delivery. Instead, it primarily focuses on the shape and 

intensity of the radiation beam delivered to each point in the tumor 

and surrounding tissue, based on the dose kernel and tissue 

composition. 

In beamless delivery, the radiation source remains stationary in 

space (it may be positioned at a fixed set of angles), and the 

radiation intensity is modulated across the entire target volume, but 

without needing to adjust beam shapes continuously during 

treatment delivery. This is well suited for the C/S method, where 

convolution of the dose kernel with the target volume's 

heterogeneity can be performed efficiently without needing to 

dynamically change the beam aperture. 

 
Figure 2. Interaction of IMRT beamless in base of body density 

created by S/C algorithm 
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The beamless IMRT technique can sometimes use predefined dose 

distributions or static beams, allowing the dose calculation (via the 

C/S algorithm) to be efficiently implemented with less real-time 

complexity. 

Beamless delivery often takes advantage of advanced treatment 

planning, where complex modulations are pre-planned, and the 

system uses efficient delivery techniques that do not require real-

time beam adjustments (like sliding windows). 

The AAA in contrast, is usually associated with sliding window 

IMRT. The AAA algorithm typically uses a dynamic multi-leaf 

collimator (MLC) to modulate the radiation intensity. During 

delivery, the MLC continuously changes shape as the radiation 

beam is delivered, creating a more gradual modulation of intensity 

across the tumor volume. 

In the sliding window technique, the MLC moves continuously 

during treatment delivery, creating dynamic beam shapes (or beam 

apertures) as the radiation is delivered. This is particularly well-

suited for the AAA algorithm, which calculates dose distributions 

based on these dynamic changes in beam shape figure 2.  

Since in our department both systems are independent and function 

separately, this allows us to assess which of the algorithms will give 

us the best dose distribution based on the patient's geometric 

complexity. 

It is also worth noting that the use of the electron density phantom 

has been of great help, based on which we have been able to create 

calibration curves for each of the algorithms based on the data 

coming from its scanning for different energies. 

 

 
Figure 3. IMRT sliding window techniques created by AAA 

algorithm 

 

The AAA algorithm requires precise control over the intensity 

modulation throughout the treatment. The sliding window technique 

allows for fine-tuning of the dose distribution by continuously 

adjusting the beam shape and intensity during treatment. This 

ensures that the dose distribution is accurately calculated and 

delivered as per the treatment plan. 

Since AAA uses a pencil beam model, it benefits from the 

continuous modulation that a sliding window provides, enabling 

dynamic adjustment of the intensity profile across the beam's path 

as it delivers radiation. 

Sliding window IMRT is generally more time-efficient for 

delivering highly modulated intensity profiles, especially for 

complex IMRT plans where the dose distribution varies 

significantly across the target volume. 

The AAA algorithm works well in this context because it can 

calculate the overall dose distribution with high precision using the 

continuously varying intensity profile provided by the sliding 

window. 

The C/S algorithm is often associated with beamless IMRT because 

it can calculate the dose distribution efficiently with fixed or pre-

calculated beam shapes, without requiring real-time adjustments to 

the MLC during delivery. 

The AAA algorithm is typically used in sliding window IMRT 

because it benefits from continuous dynamic changes in the beam 

aperture and intensity, which are required to implement the 

complex, highly modulated dose distributions that the algorithm 

calculates. The sliding window provides the dynamic control 

necessary for the AAA algorithm to deliver a precise and accurate 

dose fig 4.  

In Head and Neck (H&N) cancer treatment, the dose distribution 

figure 5. is crucial because the target volume (tumor) is located 

close to critical structures such as the spinal cord, parotid glands, 

eyes, and other organs at risk (OARs). Achieving a high-dose 

concentration to the tumor while minimizing dose to the 

surrounding healthy tissues is essential for effective treatment. 

 
Figure 4. General view of DRR and IMRT sliding window 

technique 

 

The dose distribution in IMRT (Intensity-Modulated Radiation 

Therapy) is influenced by the delivery technique and dose 

calculation algorithm used. The two algorithms you mentioned — 

C/S (Convolution/Superposition) and AAA (All-at-Once) — both 

calculate the dose distribution differently, and this can lead to 

variations in the treatment outcomes, especially for complex 

anatomical regions like the head and neck. 

The C/S (Convolution/Superposition) algorithm is known for its 

precise handling of complex tissue heterogeneity. In the context of 

Head and Neck cancer treatment, this translates to a detailed 

modeling of how radiation interacts with various tissues in the 

treatment area, such as bone, soft tissue, muscle, and air-filled 

spaces (like the oral cavity or sinuses).  

 

Conclusion 
The C/S algorithm is often associated with beamless IMRT 

because it can calculate the dose distribution efficiently with fixed 

or pre-calculated beam shapes, without requiring real-time 

adjustments to the MLC during delivery. 

The AAA algorithm is typically used in sliding window IMRT 

because it benefits from continuous dynamic changes in the beam 

aperture and intensity, which are required to implement the 

complex, highly modulated dose distributions that the algorithm 

calculates. The sliding window provides the dynamic control 

necessary for the AAA algorithm to deliver a precise and accurate 

dose. 

C/S Algorithm provides a precise dose distribution for Head and 

Neck cancers by modeling the complex interactions of radiation 

with heterogeneous tissues. It works well with beamless IMRT, 

delivering predefined intensity-modulated beams to the tumor while 

sparing critical organs. However, it may have limitations when fine-

tuning the dose delivery in real-time. 

AAA Algorithm with sliding window IMRT allows for dynamic 

intensity modulation and is particularly effective in sculpting the 

dose around tumors in Head and Neck cases. It enables high 

precision in dose delivery, minimizing exposure to critical 

structures while maximizing tumor coverage. 

In both cases, accurate dose distribution is key to successfully 

treating Head and Neck cancer, and both algorithms are designed 

to ensure that high-dose radiation is delivered to the tumor while 
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minimizing dose to surrounding healthy tissue. The choice 

between the two often depends on the specific treatment goals, 

tumor location, and the ability to deliver precise radiation based on 

the available technology. 

 

 

 
 a) b) 

Figure 5. Dose distribution according a) C/S algorithm and b) AAA algorithm 
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