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Abstract 

Purpose: This study aims to investigate the relationship between the Modulation Complexity Score (MCS) and 

the number of Monitor Units (MUs), number of segments, and gantry angles. 

Materials and Methods: Treatment planning was performed for 60 patients with head and neck tumors using the 

step-and-shoot IMRT technique on the RayStation Treatment Planning System (TPS). Treatment plans were 

divided into two groups, including 30 simple plans (group 1) and 30 complex plans (group 2). Then the 

relationship between the MCS and the number of Monitor Units (MUs), the number of segments, and the MCS 

per beam for different gantry angles in the two groups and all plans was investigated. 

Results: The Pearson correlation results for both groups and all plans showed a strong relationship between the 

number of MUs and the MCS (p<0.001). This indication of the strong correlation between MCS and MU in head 

and neck treatment plans for the first group plans shows a better correlation with the MU. The Pearson correlation 

results for both groups showed a strong relationship between the number of segments and the MCS (p<0.001). 

The lowest MCS value or the highest complexity was related to the angles of 161-180 degrees, and the highest 

MCS value or the lowest level of complexity was for the gantry angles of 281-300 degrees. 

Conclusion: The correlation between the number of MU, the number of segments, and the MCS in head and neck 

plans shows that these items can be used to control complexity and reduce dose uncertainties. 

Keywords: Radiotherapy; Intensity Modulated Radiation Therapy; Modulation Complexity Score; Number of 

Segments; Gantry Angle. 
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1. Introduction  

Physically radiation treatment for cancer is carried 

out in two ways: external beam radiation therapy and 

brachytherapy [1]. External beam radiation therapy is 

the most common modality used in radiation oncology 

[2, 3].  

Radiotherapy aims to deliver a high dose to the 

target or tumor while protecting healthy tissues. 

Various methods have been introduced for 

radiotherapy [4]. 

Intensity-Modulated Radiation Therapy (IMRT) is 

a conformal treatment [5]. This method uses X-rays of 

modulated intensity to deliver different doses and 

from different directions to better cover the dose in the 

structure of the target tissue [6]. Through this 

advanced treatment method, the patient receives a 

higher daily dose, and despite the longer treatment 

time, much better results are achieved in the patient's 

treatment process [7]. 

Therefore, modern radiotherapy technology 

includes modulation of many parameters of the 

machine, which requires the high performance of the 

treatment machine and Treatment Planning System 

(TPS). This increasing modulation usually increases 

the complexity of treatment plans. With more complex 

plans, the calculated and delivered doses are subject to 

greater uncertainty. 

Indeed, a consistent definition of complexity among 

researchers and scientists is fraught with challenges. 

However, in general, the complexity of a treatment 

plan in radiotherapy means estimating the degree of 

uncertainty caused by the calculation of the delivered 

dose, which depends on all parameters of the treatment 

machine involved in creating a treatment plan. 

Initially, the complexity indicators were defined based 

on the fluence map. A fluence map is not simple and 

always available, and based on different parameters of 

the machine that depend on different algorithms, it is 

possible to create a similar fluence map that does not 

take into account these different parameters [8]. For 

this reason, the indices related to the fluence map have 

been gradually replaced by the indices directly related 

to the machine parameters. 

In general, many indicators were introduced that 

focus on different aspects of complexity [9], and a 

single index encompassing all parameters has not been 

introduced yet. However, some indicators have been 

suggested in recent studies (e.g. Modulation Index 

(MI), MCS, Plan averaged beam Irregularity (PI), and 

Small Aperture Score (SAS)) and one of the best 

among them is the Modulation Complexity Score 

(MCS) [10-13]. 

The MCS contains two parameters: Leaf Sequence 

Variability (LSV) and Aperture Area Variability 

(AAV). LSV is the irregularity of the field relative to 

the position of adjacent leaves and AAV is the change 

in field area relative to the maximum. Originally, MCS 

was proposed for step-and-shoot IMRT, whose value 

ranges from 0 to 1. The MCS value equal to 1 means 

no modulation or the lowest level of complexity [14]. 

Lower MCS values indicate greater uncertainty or 

complexity [13]. 

According to studies, it is better to use a 

combination of indices to evaluate plan complexity, so 

the MCS has an advantage over the others due to the 

use of a combination of two indices (LSV and AAV) 

[11, 17]. Many researchers suggested MCS as a 

suitable index to express the complexity of treatment 

plans and the relationship between different 

complexity indices and MCS showed that this index 

can show different aspects of complexity [8, 12, 15]. 

The current efforts are focused on the identification of 

the factors affecting complexity and limiting them to 

prevent the creation of complex plans that increase 

uncertainty. 

Raising awareness about the factors that affect 

complexity can lead to more precise and effective 

treatment. This study aims to investigate simple and 

complex plans and compare their MCSs, the 

relationship between the number of segments and 

MCS, and the relation between gantry angles with 

simple and complex indexes in IMRT of head and 

neck cancer. 

2. Materials and Methods  

2.1. Patient Characteristics 

In this study, 60 plans of patients with head and 

neck tumors were selected in two groups for a 160-leaf 

Siemens Artiste linear accelerator. The plans included 

plans for 12 patients with nasopharyngeal cancer, 14 

patients with pharyngeal cancer, 8 patients with 
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parotid cancer, 8 patients with lymphoma, and 18 

patients with tongue cancer. 

2.2. Treatment Plans 

Patients were divided into two groups. Group 1: 

simple plans, Group 2: complex plans. The 

characteristics of the treatment plans of the two groups 

are listed in Table 1.  

Different treatment volumes were contoured for 

each of the plans including Planning Target Volume 

(PTV), nodal boost PTV, high-risk PTV, and low-risk 

PTV. The constraints on the targets require that mean 

target doses shall be 100% ± 3% of the prescribed 

dose, the minimum target doses shall be greater than 

or equal to 93% of the prescribed dose, and the 

maximum hot spot in the target shall be less than or 

equal to 110% of the prescribed dose. Normal tissue 

constraints are listed in Table 2. In some cases where 

normal structures such as the oral cavity and mandible 

had overlap with the target volumes, some of these 

constraints were ignored to achieve target coverage. 

2.3. Calculation of Complexity Index 

MCS was designed based on three parameters: 

shape, area, and weight of the segments extracted from 

the TPS [10]. 

LSV was developed to determine the extent of 

segment deformation in a given treatment plan. The 

shape of each segment was considered based on the 

change in leaf position adjacent to the multileaf 

collimator (MLC). These elements were calculated for 

each bank forming a segment. The LSV was 

calculated using Formula 1 [10]: 

LSVsegment

= [
∑ (posmax −(pos𝑛 − pos𝑛+1))𝑁

𝑛=1

𝑁 × posmax
] left bank

× [
∑ (posmax −(pos𝑛 − pos𝑛+1))𝑁

𝑛=1

𝑁 × posmax
] right bank 

(1) 

In Formula 1, N is the number of open leaves that 

determine the beam and leaf position coordinates. posn 

and posn+1 mean the position of one leaf and the 

position of the next leaf, respectively. The leaves 

located under the jaws of the MLCs were not 

considered. 

The position of each leaf is captured by the 

definition of the maximum position (posmax). The 

definition of posmax is the maximum distance between 

the positions for each leaf bank, which was determined 

according to the Formula 2 [14]: 

posmax = [max(pos𝑁∈𝑛)

− min(pos𝑁∈𝑛)]leaf bank 
(2) 

The second characteristic of the IMRT segment for 

determining the overall complexity is the area of the 

beam aperture. AAV is used to determine the 

variability of the segment area relative to the area of 

the aperture produced by the segments. 

Table 1. Plan characteristics for the patients in this study 

Group 2 Group 1  

30 30 Number of plans 

238 

225 

0.25 

1.00 

0.05-0.55 

60-220 

300-1760 

0.03-0.65 

8-44 

11-280 

0.21±0.11 

0.21±0.11 

946.61±345.41 

114.77±46.32 

194±45 

238 

50 

6.00 

16.00 

0.12-0.93 

8-50 

220-930 

0.06-0.95 

1-10 

16-212 

0.40±0.14 

0.44±0.25 

554.20±194.80 

66.76±38.40 

25±10 

Number of beams 

Maximum number of segments 

)2Minimum area per segment (cm 

Minimum MU per segment 

MCS plan (range) 

Number of segments per plan 

MU (range) 

MCS per beam (range) 

Number of segments per beam 

MU per beam 

Mean MCS (±SD) 

Mean MCS per beam (±SD) 

Mean total MU (±SD) 

Mean MU per beam (±SD) 

Mean number of segments (±SD) 
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The segment that is closer in area to the maximum 

area of the aperture receives more points. AAV was 

calculated using the leaf position data using Formula 

3: 

AAV segment = 

∑ ⌈pos𝑎 ⌉left bank − ⌈pos𝑎 ⌉Right bank  𝑁
𝑎=1

∑ 〈max (pos𝑎 )〉left bank ∈ beam −𝐴
𝑎=1 〈max (pos𝑎 )〉Right bank ∈ beam

 
(3) 

In Formula 3, a represents the number of leaves in 

the all leaf bank, including the leaves under the jaw. 

Table 2. Head and neck Normal tissue constraints 

Constraints Structure 

volume3 At most 54.00 Gy dose at 0.03 cm 

volume3 At most 54.00 Gy dose at 0.03 cm 

At most 5.00% volume at 55.00 Gy dose 

At most 5.00% volume at 55.00 Gy dose 

At most 35.00 Gy average dose 

volume3 At most 50.00 Gy dose at 0.03 cm 

At most 35.00 Gy average dose 

volume3 At most 50.00 Gy dose at 0.03 cm 

volume3 At most 25.00 Gy dose at 0.03 cm 

volume3 At most 25.00 Gy dose at 0.03 cm 

At most 20.00 Gy average dose 

volume3 At most 70.00 Gy dose at 0.03 cm 

volume3 At most 54.00 Gy dose at 0.03 cm 

volume3 At most 54.00 Gy dose at 0.03 cm 

At most 40.00 Gy average dose 

volume at 20.00 Gy dose 3At most 20.00 cm 

At most 26.00 Gy average dose 

At most 50.00% volume at 30.00 Gy dose 

volume at 20.00 Gy dose 3At most 20.00 cm 

At most 26.00 Gy average dose 

At most 50.00% volume at 30.00 Gy dose 

volume3 At most 45.00 Gy dose at 0.03 cm 

Brainstem 

Chiasm 

Left Cochlea 

Right Cochlea 

Left Globe 

Left Globe 

Right Globe 

Right Globe 

Left Lens 

Right Lens 

Lips 

Mandible 

Left Optic nerve 

Right Optic nerve 

Oral Cavity 

Left Parotid 

Left Parotid 

Left Parotid 

Right Parotid 

Right Parotid 

Right Parotid 

Spinal Cord 
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Finally, the relative weight of the segment was 

included in the final MCS calculation. Therefore, the 

segments with higher MUs received a higher MCS. 

MCSbeam is also the product of LSVsegment and 

AAVsegment, weighted by the relative MU of each 

segment in the beam. The value of MCSbeam was 

determined using Formula 4: 

MCSbeam  = ∑(AAVsegment )𝑖
  

𝐼

𝑖=1

× (LSV𝑠𝑒𝑔𝑚𝑒𝑛𝑡 )𝑖   

×
(MUsegment )𝑖 

(MU beam)
 

(4) 

In Formula 4, I represent the number of segments in 

each beam. 

The complexity of the plan is given by MCSplan. 

MCSplan is actually MCSbeam weighted by the relative 

MU of each beam in the treatment plan, which was 

obtained by using the Formula 5: 

MCSplan =  ∑(MCSbeam )𝑗  ×  
(MU beam)𝑗

(MUplan) 

𝐽

𝑗=1

 (5) 

In Formula 5, J represents the number of beams in 

the treatment plan . 

The MCS index ranges from 0.0 to 1.0. An MCS 

value of 1.0 indicates no modulation or the lowest 

level of complexity, and an MCS value of zero 

indicates the highest level of complexity. 

The TPS used was RayStation version 8A 

(RaySearch Laboratories, Stockholm, Sweden). In 

RayStation TPS, the used algorithm for photon dose 

calculation was the Collapsed Cone (CC). This system 

can be programmed or scripted. The programming 

language used for scripting in RatStation is Python 

2.7. Therefore, the MCS formula was coded and 

implemented in the TPS to calculate the MCS. By 

writing a script for TPS, a new function was added to 

calculate the complexity of treatment plans. 

2.4. Statistical Analysis 

In the current study, Pearson correlation coefficient 

(r) analysis was used to determine the relationship 

between different parameters. Strong, moderate, weak 

correlation and non-correlation were indicated by 

|r|≥0.8, 0.8>|r|≥0.5, 0.5>|r|≥0.3, 0.3>|r|, respectively. 

A regression plot model was used too and the 

statistical significance of a correlation was assumed by 

a two-tailed p value at p < 0.05. Analysis was 

performed using statistical software (SPSS 27, 

Chicago, Illinois). 

3. Results  

To evaluate the factors affecting the complexity, the 

MCS index was used to check the complexity and the 

relationship of three factors including the number of 

MUs, the number of segments and the gantry angle 

with the complexity index was investigated. 60 head 

and neck treatment plans with 5-9 treatment fields, 20-

25 fractions and 40-60 Gy prescription dose were 

included in the study. 

As it was mentioned before, treatment plans were 

divided into two groups including simple and complex 

plans. The first group includes simple treatment plans 

with similar features and the second group includes 

complex treatment plans. The range of MCS, number 

of segments, and MUs are listed in Table 1. 

3.1. MCS and Number of MUs 

Table 1 illustrates the mean and standard deviation 

of MCS and MU for head and neck treatment plans for 

the two groups. The results for each beam are listed in 

Table 1. According to these results, the amount of 

MUs is higher in group number 2, i.e., the complex 

treatment plans. 

The Pearson correlation results for all plans and 

simple and complex groups were -0.84, -0.83, and -

0.82, respectively (Tables 3, and 4). It shows that there 

is a strong and negative relationship between the MCS 

and the number of MUs (p<0.001). This means that in 

the head and neck treatment plans, with the decrease 

of the MCS values, i.e., the more complex the plans, 

the MU increases. 

In Figure 1, a regression plot model is used to find 

the relationship between MCS and MUs. At first, this 

comparison was performed for all plans (part (a)), and 

then a graph was drawn separately for simple and 

complex plans (parts (b) and (c)). Based on these data, 

in all of these figures, MCS increases as the MU 

decreases. The R2 is equal to 0.67 for all plans, 0.77, 

and 0.71 for the first and second groups, respectively. 
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This indicates the strong correlation between MCS 

and MU for head and neck cancer radiotherapy. For 

the group 1 plans, that is simpler plans, there is a better 

correlation between MCS and MU. 

3.2. MCS and Number of Segments 

The results of the MCS and the number of segments 

in the two groups are listed in Table 1. The results of 

Pearson's correlation to determine the relationship 

between MCS and the number of segments were equal 

to -0.66 for all plans and -0.86 and -0.87 for plans one 

and two, respectively (Tables 3, and 4). The results 

show that the relationship between the complexity and 

the number of segments is moderate and negative in 

all plans and strong and negative in the plans of the 

two groups (p<0.001). Therefore, as the number of 

segments increases, the MCS index decreases, making 

the plan more complicated. To find this relationship, a 

regression plot model was used. Its R2 value is 0.61 

for all plans, 0.76 for the first group, and 0.75 for the 

second group (Figure 2). In Figure 2 a regression plot 

model that shows the relationship between the MCS of 

head and neck plans and the number of segments for 

both groups (a), group 1 or simple plans (b), group 2 

or complex plans (c) are presented. Based on this data, 

there is a correlation between the number of segments 

and MCS for head and neck radiotherapy plans. 

 

 

 

Table 3. Pearson Correlation to determine relationship between MCS, number of MU and number of segments 

for all plans 

 MCS MU Total Number of segments 

MCS Pearson Correlation 1 -0.84** -0.66** 

Sig. (2-tailed)  0.000 0.000 

Number 60 60 60 

MU Total Pearson Correlation -0.84** 1 0.65** 

Sig. (2-tailed) 0.000  0.000 

Number 60 60 60 

Number of segments Pearson Correlation -0.66** 0.65** 1 

Sig. (2-tailed) 0.000 0.000  

Number 60 60 60 

**Correlation is significant at the 0.01 level (2-tailed). 

 

Table 4. Pearson Correlation to determine relationship between MCS, number of MU and number of segments 

for group 1 and group 2 

  MCS MU Total Number of segments 

Group 1 

MCS 

Pearson Correlation 1 -0.83** -0.86** 

Sig. (2-tailed)  0.000 0.000 

Number 30 30 30 

MU Total 

Pearson Correlation -0.83** 1 0.88** 

Sig. (2-tailed) 0.000  0.000 

Number 30 30 30 

Number of segments 

Pearson Correlation -0.86** 0.88** 1 

Sig. (2-tailed) 0.000 0.000  

Number 30 30 30 

Group 2 

MCS 

Pearson Correlation 1 -0.82** -0.87** 

Sig. (2-tailed)  .000 .000 

Number 30 30 30 

MU Total 

Pearson Correlation -0.82** 1 0.54** 

Sig. (2-tailed) .000  .002 

Number 30 30 30 

Number of segments 

Pearson Correlation -0.87** 0.54** 1 

Sig. (2-tailed) 0.000 0.002  

Number 30 30 30 

**Correlation is significant at the 0.01 level (2-tailed). 
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Figure 1. A regression plot model that shows the 

relationship between the MCS of head and neck plans 

and the number of MUs for both groups (a), group 1 or 

simple plans (b), group 2 or complex plans (c) 

 

 

Figure 2. A regression plot model that shows the 

relationship between the MCS of head and neck plans and 

the number of segments for both groups (a), group 1 or 

simple plans (b), group 2 or complex plans (c) 

 

Table 5. Pearson Correlation to determine relationship between MCS and gantry angles for all plans 

 Gantry angle (degree) MCS beam 

MCS beam 

Pearson Correlation -0.03 1 

Sig. (2-tailed) 0.52  

Number 476 476 
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3.3. MCS and Gantry Angles 

Tables 5 ,6 show the Pearson correlation between 

MCS per beam and gantry angle. There is no 

relationship between MCS and gantry angle for all 

plans as well as the simple and complex plans, 

separately. In Table 7, the mean MCS and standard 

deviation for different gantry angles for the plans for 

1 and 2 groups are listed. Based on the data in this 

table, the lowest MCS or the highest complexity is 

related to the angles of 161-180 degrees, and the 

highest MCS value or the lowest level of complexity 

is for the gantry angles of 281-300 degrees. 

4. Discussion 

The advancement of technology in radiotherapy led 

to the creation of more complex plans, which need to 

evaluate and control the level of complexity [11, 14, 

16, 17]. Complexity indices are tools to quantify and 

evaluate the complexity of plans, and knowing the 

factors affecting complexity can help reduce it. In this 

study, the level of complexity was evaluated in terms 

of MCS, and the role of the MUs, number of segments, 

and gantry angle were investigated for two groups of 

simple and complex plans. The concept of the MCS 

deals with the ability to deliver the plan based on 

changes in leaf positions and aperture areas [12]. The 

complexity of the plan ranges from 1 for a simple plan 

to zero for a very complex plan [11, 18, 19]. 

The treatment plans were divided into two simple 

and complex groups, which were separated by 

changing the maximum number of segments, the 

minimum MUS in each segment, and the minimum 

area in each segment (Table 1). The lower level of 

MCS in the more complex group shows that this index 

can express the level of complexity. This research 

found a strong negative correlation between the 

number of MUs and the complexity of all plans and 

both groups (Tables 4, 5, and 6). Although all studies 

stated that with the increase in complexity, the number 

of MUs should also increase, some of them did not 

Table 6. Pearson Correlation to determine relationship between MCS and gantry angles for 1 and 2 groups 

Plan Gantry angle (degrees) 

Group 1 MCS beam 

Pearson Correlation -0.04 

Sig. (2-tailed) 0.53 

Number 238 

Group 2 MCS beam 

Pearson Correlation -0.03 

Sig. (2-tailed) 0.68 

Number 238 

 

Table 7. Mean MCS and standard deviation for different gantry angles for the plans for 1 and 2 groups 

Group 2 Group 1   

Mean MCS (±SD) Mean MCS (±SD) Number of beams Gantry angle 

0.39 ±0.16 0.76±0.19 8 0-20 

0.19 ±0.13 0.41±0.23 23 21-40 

0.34 ±0.19 0.71±0.27 7 41-60 

0.16 ±0.08 0.33±0.21 20 61-80 

0.34 ±0.11 0.62±0.25 7 81-100 

0.18 ±0.08 0.47±0.29 20 101-120 

0.21 ±0.04 0.50±0.19 8 121-140 

0.14 ±0.06 0.32±0.20 18 141-160 

0.14 ±0.04 0.28±0.12 23 161-180 

0.21 ±0.08 0.54±0.34 4 181-200 

0.22 ±0.06 0.50±0.25 5 201-220 

0.16 ±0.06 0.34±0.18 21 221-240 

0.36 ±0.15 0.63±0.24 4 241-260 

0.21 ±0.10 0.49±0.27 21 261-280 

0.42 ±0.19 0.77±0.26 5 281-300 

0.18 ±0.07 0.36±0.21 20 301-320 

0.33 ±0.15 0.73±0.26 7 321-340 

0.16 ±0.04 0.32±0.09 17 341-359 
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discover a regression plot for them [10, 12]. The 

interesting point is that simpler plans show a better 

correlation with complexity. It means the number of 

MUs increases with the decrease of the complexity 

index. One of the reasons for this relationship can be 

the use of MU in the MCS formula. In fact, the 

segments that had a higher amount of MUs gained a 

larger weight in the MCS formula. Finding an 

acceptable R2 in this study shows the ability to use 

monitoring units to predict the results of complexity 

(Figure 1). Also, it found that MCS can express the 

complexity of the treatment plan. The second group, 

which had complex treatment plans, had a greater 

number of MUs and fewer MCS (Table 1). 

The number of segments in the complex plans was 

higher than in the simple plans, and it is one of the 

factors affecting complexity [15]. Table 1 shows the 

average segment and complexity in two groups. 

According to this table, the average segment in the 

second group is more than the first, which was 

expected because one of the characteristics of 

determining two groups with different complexity was 

the difference in the maximum number of segments 

(Table 1). According to Table 1, the mean number of 

segments is less than the maximum number 

considered, and even in simple plans it is half of it. 

This means that inverse planning considers the 

number of segments much less than the specified limit. 

The Pearson correlation results showed that the 

relationship between MCS and the number of 

segments in all plans is moderate and negative, and 

strong and negative in the plans of two groups. The 

moderate relationship between MCS and number of 

segments in all plans can be due to the determination 

of the number of segments for each group, that is, two 

groups had different ranges of segments. This finding 

was close to the finding of Jubbier et al. [12] that 

mentioned no correlation is found between MCS and 

the number of segments in all plans that included head 

and neck and pelvic plans, that is, plans with very 

different segment ranges. In both groups, the strong 

and negative relationship between MCS and the 

number of segments was seen. Therefore, to find the 

relationship between the MCS and the number of 

segments, it is better to use plans with the same level 

of complexity.  

Tables 5 and 6 show the Pearson correlation 

between MCS and Gantry angle. There is no 

relationship between complexity and gantry angle in 

all plans and in simple and complex plans. In Table 7, 

the gantry angles were divided into specific ranges and 

the mean MCS of the beams located in these angles 

was calculated. In both groups of simple and complex 

plans, 161°-180° angles showed the highest amount of 

complexity and 281°-300° angles showed the lowest 

amount of complexity. Du et al. [8] stated that the 

angles of 100° and 260° had the highest MUs and the 

angles of 30°, 180° 330°, and were the highest 

modulation. The reason for the difference in these 

results probably is that Du et al. focused on the 

prostate cancer plans, but our results are related to 

head and neck cancer plans. It seems that the inverse 

planning designs the segments in 161°-180° gantry 

angles with high complexity and 281°-300° gantry 

angles with less complexity, which may be due to the 

presence of more Organs At Risks (OARs) such as the 

spinal cord and eyes in these angles. These results can 

help to further investigate the uncertainties caused by 

the complexity and it is suggested that similar beams 

should be irradiated at different gantry angles so that 

the effect of the gantry angle can be expressed more 

specifically. In this study, it was assumed that the 

reason for the difference in complexity is in different 

modulation angles and the irregularity of the beam in 

those angles, but it is possible that certain gantry 

angles themselves cause more complexity due to 

mechanical characteristics. 

5. Conclusion 

MCS can distinguish between complex and simple 

plans, so it is a suitable index to determine the 

complexity. In both simple and complex groups, there 

was a strong correlation between the MCS and MUs 

and the number of segments, and the level of 

complexity was higher in 161°-180° gantry angles. 

Quantifying complexity and evaluating it during 

treatment can be effective in reducing uncertainties in 

radiotherapy dose delivery . 
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