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Dosimetric characteristics of tomotherapy and three-
dimensional conformal radiotherapy for head and neck 

cancer 

INTRODUCTION 

Head and neck cancers (HNC) occur in the mouth, 
lips, nose, sinuses, larynx, salivary glands, and throat 
(1). These cancers remain a significant problem due to 
their high morbidity and mortality. The spread of 
these cancers is often through the lymph nodes in the 
neck. Head and neck cancer are often malignant and, 
therefore in most cases, require regional lymph 
nodes treatment. One of the main treatment methods 
for this type of cancer is radiation therapy.  

Head and neck cancer is a technically challenging 
treatment site in radiation oncology due to the          
complex anatomy and numerous organs at risk 
(OARs) near targets (2). These sensitive volumes             
include the right parotid, left parotid, mandible, oral 
cavity, thyroid, constrictor, right lens, left lens,              
brainstem, optic chiasm, right optic nerve, left optic 
nerve, right cochlea, left cochlea, cervical esophagus, 
tongue, larynx, right lung, left lung and spinal cord. 
Each of these organs has a different tolerance dose, 

and therefore the dose distribution in this region is 
crucial (3). 

Radiation therapy usually leads to complications 
in the short or long term. These include salivary 
gland dysfunction, xerostomia, inflammation of the 
oral mucosa, the concentration of saliva, sore throat, 
earache, trismus, weight loss, taste dysfunction 
(dysgeusia), and dysphagia (4). Depending on the             
region of the malignancy, these complications may 
occur early or late after starting treatment. To reduce 
these complications as much as possible and improve 
patients' quality of life after treatment, the protection 
of these sensitive volumes is critical and necessary. 

Radiotherapy treatment planning aims to provide 
the best dose conformation to the target volume 
while sparing critical organs and healthy tissues (5). 
Over the past decades, significant advances in            
radiotherapy techniques have been made to improve 
the quality of treatment and significantly reduce the 
side effects of this type of treatment. These advances 
in conformal radiotherapy first came in 3D-CRT 
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ABSTRACT 

Background: This study aims to evaluate and compare Three-Dimensional Conformal 
Radiotherapy (3D-CRT) versus Helical Tomotherapy (HT) based on treatment planning 
and selection of the most appropriate method to reduce side effects. Materials and 
Methods: Treatment planning was performed on images of 20 patients with head and 
neck cancer with lymph node involvement by HT and 3D-CRT techniques in Seyed               
Al-Shohada hospital, Isfahan, Iran. The quality of target coverage, the exposure of 
normal tissue, and radiation delivery efficiency in two studied methods were 
compared. Results: Tomotherapy showed significant improvement over 3D-CRT in 
terms of D2%, D50% Dmean, V95%, CI (conformity index), and HI (homogeneity index) 
for PTV (planning target volume) and in terms of D2%, D98%, Dmean, V95%, CI and HI 
for PTV Nodal. The mean dose received by 98% of PTV (D98%) increased in HT 
compared to 3D-CRT. Whereas, higher doses received in organs at risk (OARs) in 3D-
CRT compared to HT. Conclusion: Results showed improvements in target quality for 
HT over 3D-CRT, including dosimetric coverage of target volumes, homogeneity and 
conformity indices, and reduction of the volume of cold and hot spots. Tomotherapy 
also performed better than that of 3D-CRT in OARs. Overall, with the satisfactory 
results obtained here, HT technique has considerable promise for treating head and 
neck cancers with the involvement of regional lymph nodes. 
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(three-dimensional conformal radiotherapy) and 
then IMRT (intensity-modulated radiotherapy). Both 
3D-CRT and IMRT represent a significant advance 
over conventional radiotherapy because they                       
increase dose delivery accuracy while sparing                
surrounding normal tissues and OARs. Three-
dimensional radiotherapy indicates the radiation 
transfer into a 3D volume using appropriate imaging 
and computer software (6). Intensity-modulated               
radiotherapy is an advanced method for delivering 
three-dimensional therapy using radiation that              
delivers the maximum dose to the tumor and the 
minimum dose due to unwanted radiation to critical 
structures (7). Also, the intensity of each beam is           
controlled, and the shape of the beam changes during 
the treatment (8). Hence, it delivers a conformal dose 
to tumors and OARs while sparing them from damage 
by dropping the dose gradient in OARs (9). The            
dose-modulating ability of IMRT gives a theoretical 
advantage over 3D-CRT, which recently has also been 
supported in the clinical trial (10, 11). 

Helical tomotherapy is an IMRT method in which 
the patient is treated with a slice-by-slice CT scan by 
IMRT. A special collimator is designed for it, the               
gantry rotates around the patient's longitudinal axis, 
and the couch moves continuously as in the helical CT 
method (12, 13). Tomotherapy delivers IMRT treatment 
with 64 pneumatically driven leaves of MLC,               
selectable fixed jaws, and 360° gantry rotation while 
the couch is translating (14). The HT delivery of IMRT 
allows excellent conformity and homogeneity of the 
radiation dose distribution (15-19). The advantage of 
this technique to radiation delivery seems to be               
suitable and effective, especially for complicated dose 
distributions involving multiple planning target               
volumes (PTVs) and organs at risk (OARs).              
Tomotherapy is often required for adequate and safe 
treatment of head and neck cancer (16). Head and neck 
cancers are indications for advanced radiation             
therapy. Due to the lack of advanced facilities and 
treatment methods such as IGRT (image-guided             
radiotherapy), VMAT (volumetric modulated arc 
therapy), IMRT, and HT in developing countries such 
as Iran, radiotherapy for head and neck cancers is 
still performed by 3D-CRT. However, the 3D-CRT 
method cannot protect the OARs in this region and 
maintain their function, so using new techniques to 
reduce complications and improve the patient's              
quality of life is vital. 

The current method (3D-CRT) has some                       
limitations. For example, limitations in delivering 
adequate doses to target volumes while focusing on 
the sparing OARs and the impossibility of sparing 
adjacent normal tissues when delivering the required 
dose to target volumes (20). 

Tomotherapy is a relatively new technique, and 
although it is superior to 3D-CRT in terms of tumor 
dose coverage, there are still some concerns about 
doses in OARs. Due to the installation and the           
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implementation of this method in the radiotherapy 
department of Syed Al-shohada in Isfahan, its                 
investigation of dose delivery in different target               
volumes and OARs is very important. This study 
aimed to prove the quality of treatment with HT             
versus 3D-CRT and to evaluate and compare based on 
treatment planning and selection of the most            
appropriate method to reduce side effects.  

 
 

MATERIALS AND METHODS 
 

Patient selection 
In this study, CT images of 20 patients with              

malignant tumors of the head and neck, were               
considered in the radiotherapy department of Seyed 
Al-shohada Hospital, Isfahan, Iran. Patients with a 
history of radiotherapy were not included in this 
study. Prescription dose and the number of treatment 
sessions based on the type of treatment (curative or 
palliative), location, and type of malignancy were  
assessed. In each treatment session, the standard 
dose between 180 to 220 cGy was used for                       
therapeutic goals. The dose was 50-74 Gy and 50-60 
Gy for primary purposes and regional lymph nodes, 
respectively. More details of tumor location and              
prescribed doses are presented in table 1. 

In Tomotherapy, the treatment planning was SIB 
(simultaneous integrated boost). But, in 3D-CRT 
plans, after the first phase, the treatment plans were 
changed and the next phases (boost) were planned by 
cord sparing approach and according to the different 
dose prescriptions of the lymph nodes and primary 
target as mentioned in table 1. Finally, the main plan 
and the boost plan were merged and the data was 
extracted from the merged plan. 

For nasopharynx, hypopharynx, and oral cavity 
tumors, the prescription dose for PTV and PTV LN 
(lymph nodes) were 70 and 54/60 Gy, respectively. 
For mandible and base of tongue (BOT) malignancy, 
the prescription dose for PTV and PTV LNs was 60 
and 54 Gy, respectively. The prescription dose for  
laryngeal cancer was 66 and 54 Gy for PTV and PTV 
LNs, respectively. 

 

Data collection 
To collect the patient data several steps including; 

multiple imaging, patient fixation and immobilization 
for treatment repeatability, image fuse, delineation of 
target volume structures and OARs, treatment                
planning, and evaluation of treatment plans were 
performed. 

In this study, a special type of CT scan called CT 
simulation is used. CT simulation was performed  
using 20 slices (Siemens, SOMATOM) with                       
thicknesses of 2 mm in the range of the head to the 
supernatural. To improve the detection of target             
volumes and OARs, MR and PET images were               
obtained and fused with CT images. For better          
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conformity, all MR and PET image criteria were the 
same as CT conditions including slice thickness, the 
field of view (FOV), and positioning. 

 

The radiation oncologist delineates all target             
volumes and OARs infused images based on ICRU 50, 
62, and 83 protocols. Adjacent critical structures              
include the oral cavity, mandible, right parotid, left 
parotid, optic chiasm, right optic nerve, left optic 
nerve, right lens, left lens, brainstem, constrictor, 
right cochlea, left cochlea, larynx, thyroid, right lung, 
left lung, and spinal cord. 

The TiGRT treatment planning system was                 
performed based on Full Scatter Convolution (FSC) 
algorithm in 3D-CRT and PRECISION based on              
Collapsed Cone Convolution Superposition (CCCS) 
algorithm in HT. 

 

Dose constraints of target volumes and OARs 
Treatment planning and plan optimization should 

be done in a way that, according to ICRU62 and 
ICRU83, more than 95% of the prescribed dose 
reaches 95% of the volume of PTV. Ideally, the target 
volume dose should be kept at more than 95% and 
less than 107% of the prescribed dose. At the same 
time, the dose of all adjacent critical structures 
should be kept below their tolerance dose. Dose              
constraints of the OARs are given in table 2. 

 

Treatment planning evaluation 
According to ICRU 50, 62, and 83 reports, 3D-CRT 

and HT treatment planning evaluations are based on 
DVH (dose-volume histogram) the information                
obtained from patients' dose distributions in the 
treatment planning system.  

Percentage of target volume receiving 95% of the 
prescribed dose (V95%), mean dose (Dmean), and dose 
received by 98% (D98%), 2% (D2%), and 50% (D50%). 

Also, CI and HI indices were extracted for the PTV in 
HT and 3D-CRT methods using DVH information. 
Both HI and CI indices were determined using the 
following equations: 

 

HI= D2% - D98% / D50%    (1) 
 

where D2%, D98% and D50% are the doses received 
by 2%, 98% and 95% of PTV volume, respectively. 

 
CI= VRI / TV = reference isodose volume / target            
volume               (2) 

 
The ratio of the volume received by the reference 

isodose to the target volume, in which the volume of 
isodose is 95%, or in other words, the volume that 
received 95% of the prescribed dose is considered as 
the reference volume of PTV. 

OARs evaluation  
In table 2, Dmax is reported for serial organs such 

as right and left optic nerve, optic chiasm, and spinal 
cord. Also, in this table, the dose constraint is                
obtained for parallel organs like the parotid.                   
Sometimes, the target volumes overlap occurs with 
critical structures.  

 

Statistical analysis 
To compare the means of the two methods, the 

Wilcoxon signed ranks test was used. A non-
parametric test used to analyze two sets of data      
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Prescription (Gy) 
Primary/Lymph Node 

Tumor Site Patient 

70/54 Hypopharynx & LN 1 
60/54 BOT & LN 2 
70/60 Nasopharynx & LN 3 
70/60 Nasopharynx & LN 4 
60/54 BOT & LN 5 
66/60 Larynx & LN 6 
70/54 Nasopharynx & LN 7 

60-70/54 Larynx & LN 8 
74/60 Larynx & LN 9 
60/54 Mandible & LN 10 

63/50.40 BOT & LN 11 
50/50 Nasopharynx & LN 12 
70/54 Oral Cavity (Buccal) & LN 13 

70/60R-LN&54L-LN Nasopharynx & LN 14 
66/60 Oropharynx & LN 15 

70/59.4 Nasopharynx & LN 16 
60-70/54 Larynx & LN 17 

70/54R-LN&60L-LN Hypopharynx, Larynx & LN 18 
70/54R-LN&60L-LN Nasopharynx & LN 19 

60/54 Oral Cavity & LN 20 

Table 1. Details of tumor site and prescription doses for each 
patient. 

Reference Dose constraint Organ 

RTOG 0619 
Dmax < 54 Gy 
D1CC < 55 Gy 

Dmean < 50 Gy 
Optic Nerve 

RTOG 0619 
Dmax < 54 Gy 
D1CC < 55 Gy 

Dmean < 50 Gy 
Optic chiasm 

RTOG 0615 Dmax < 25 Gy Lens 
RTOG 0615 

(30, 31) 
Dmax < 54 Gy 

D1-10cc < 59 Gy 
Brainstem 

(30) 
RTOG 0615 

Dmean < 35 or 45 Gy 
V55 < 5% 

Cochlea 

RTOG 1016 
RTOG 1016-0615 

Dmax < 60 Gy 
Dmean < 35 or 40 Gy 

Oral cavity 

RTOG 1016-0615,(30) 
RTOG 0615 

Dmax < 66 or 70 Gy 
V1cc < 75 Gy 

V75 < 1% 
Mandible 

(31,30) 
Dmean < 45 Gy 

V50 < 27% 
Larynx 

By clinics 
Dmax < 50 Gy 
V45 < 45 Gy 

Thyroid 

RTOG 0615, (30, 31) 
RTOG 1016 

Dmax < 45 or 50 Gy 
Dmax < 48 Gy 

Spinal cord 

(31, 30) 
Dmean < 30-50 Gy 

Dmax < 60 Gy 
Constrictor 

RTOG 0619-0522-1016 Dmean < 26 Gy Parotid 
(31 ,30) 

V20 < 30% 
V5 < 42% 

Lung 

Table 2. Dose constraints of OARs.  

Abbreviations: D2%: dose covering 2% of PTV, D50%: dose covering 
50% of PTV; D95%: dose covering 95% of PTV; D98%: dose covering 
98% of PTV; Dmax: maximum dose; Dmean: mean dose; D1cc: dose 
covering 1 cm3 of PTV, Percentage of V5, V20, V45, V50, V55, V75: 
represent volumes of 5, 20, 50, 55, and 75 of PTV. *Statistically              
significant at the level of 5%. 



obtained from the same individuals, especially when 
there is an extreme violation of the normality                 
assumption. This test is available in the SPSS                 
statistical software (SPSS, Chicago, IL, USA). The null 
hypothesis for this test is that the medians of the two 
samples are equal. A P-value smaller than 0.05 is  
considered statistically significant. 

 
 

RESULTS 
 

Tomotherapy and 3D-CRT treatment planning 
methods were done on the images of 20 patients  
according to the tumor location, the prescribed dose 
of PTV 95%, and the dose constraints of OARs which 
are reported in table 2. Based on these conditions, an 
example of dose distribution around therapeutic  
targets for one of the patients is shown in axial,            
sagittal, and coronal views (figure 1). In addition, a 
more accurate dose distribution is identified using 
the same patient's DVH curve in two studied methods 
(figure 2). 

 
 
 
 
 
 
 
 
 

 
 

 

Primary PTV 
 For evaluation of primary PTV,  the parameters 

(D2%, D98%, D50%, Dmean V95%, CI, and HI) were                 
extracted in 3D-CRT and HT using DVH data, and the 
mean results of the two methods are compared 
(Table 3). As Table 3 shows, the mean dose received 
by 98% of PTV (D98%) increased in HT but, did not 

show a significant difference. The mean dose received 
by 2% of PTV (D2%) was found to be 72.60±5.88 and 
68.43±5.88, in 3D-CRT and HT, respectively, which is 
a significant difference (P=0.000). Increasing the dose 
close to the minimum or D98% and decreasing the dose 
close to the maximum or D2% in the HT means               
reducing the hot and cold spots. Mean values of Dmean 
and D50% also show significant differences between 
the two studied methods (P=0.000 and 0.007,                 
respectively). The PTV that receives 95% of the              
prescribed dose (V95%) shows a significant increase in 
the HT method compared to 3D-Cindicatingcate              
better dosimetric coverage of target volume in HT. 

 

The result calculations of CI and HI indices               
according to the equations (1 and 2) are presented in 
table 4. The mean CI for 3D-CRT and HT was                 
significantly different with values of 0.25±0.15 and 
1.36±0.26, respectively (P=0.000), which indicates 
better conformance of PTV to the prescription                  
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Figure 1. a.  Examples of dose distribution around the                  
therapeutic target organs with different PTV of a patient with 
head and neck cancer using HT (A, B, C) and 3D-CRT (D, E, F) 

methods in axial view; b) for the same patient using HT in 
coronal (A) and in sagittal B) views, using 3D-CRT in coronal (C) 

and in sagittal (D) views. 

a 

b 

Figure 2. Examples of a dose-volume histogram (DVH) for 
head and neck cancer patient in; a) HT and b) 3D-CRT plans. 

Note*: Red (PTVLN54), Green (spinal cord), Yellow (right             
parotid), Blue (PTVLN60), Navy blue (PTV), and Purple (GTV). 

Parameter HT (X ̅±S) 3D-CRT (X ̅±S) P-value 
D98% (Gy) 63.29±5.31 63.21±5.86 0.852 
D2% (Gy) 68.43±5.88 72.60±7.38 0.000* 

Dmean (Gy) 66.12±5.47 68.75±6.69 0.000* 
V95% (%) 99.54±0.74 95.71±6.99 0.020* 
D50% (Gy) 66.57±5.47 68.24±6.29 0.007* 

Table 3. Evaluation parameters of primary PTV dose coverage 
in 3D-CRT and HT.  

Abbreviations: D2%: dose covering 2% of PTV, representing the near 
maximal dose; D50%: dose covering 50% of PTV; D95%: dose covering 
95% of PTV; D98%: dose covering 98% of PTV; Dmean: mean dose. 
*Statistically significant at the level of 5%. Errors are standard                
deviation; the last column shows the P-value between the two groups.  
* is a sign that the difference between the two groups is significant. 

a 

b 



isodose curve in HT compared to 3D-CRT. The                
average HI is equal to 0.14±0.05 and 0.07±0.03 in HT 
and 3D-CRT, respectively and showed a significant 
decrease in HT (P=0.001). 

Nodal PTV 
 For nodal PTV, the same as primary PTV all               

extracted parameters are given in table 5.                    
Comparison of D2% (P=0.000), D98% (P=0.007), Dmean 
(P=0.001), V95% (P=0.000), CI (P=0.000), and HI 
(P=0.000) for 3D-CRT and HT showed significant       
differences, indicating better dose delivery and            
coverage of the HT than 3D-CRT.  

Dose received by OARs in 3D-CRT and HT  
A dose comparison of the OARs includes the 

brainstem, cochlea, constrictor, larynx, lenses, lungs, 
mandible, optic chiasm, optic nerves, oral cavity,             
parotids, spinal cord, and thyroid is given in table 7. 

For serial structures such as the brainstem, spinal 
cord, optic chiasm, optic nerves, and lenses, it is               
necessary to focus on the Dmax when evaluating. It is 
better to concentrate on the mean dose values for 
evaluating parallel structures such as the mandible, 
larynx, and cochlea (Dmean). 

According to data in table 7, In HT compared to 
3D-CRT, the maximum dose received for brainstem, 
D1cc, and D10cc, respectively and decreased by 14, 
17.39, and 10.18 Gy, which are significant differences 
(P=0.001, P=0.001, and P=0.001). The mean dose 
(Dmean), V55, and Dmax were measured for right and left 
cochlea. The values of all three parameters were               
reduced in the HT method compared to 3D-CRT, and 
Dmean showed a significant difference for right and left 

cochlea (P = 0.028, P=0.047), respectively. The                
decrease in Dmax was significant only for left cochlea 
(P=0.037), and V55 did not show a significant                 
difference despite the reduction in volume                   
percentage. The Dmean and Dmax values were                   
considered for constrictors, which significantly                
reduced the HT technique (P <0.05). Mean dose 
(Dmean), Dmax, and V50 values for larynx and optic              
chiasm, right and left optic nerves, and oral cavity 
was extracted from treatment plans, all of which had 
a significant reduction in HT compared to 3D-CRT. 
The Dmax values of the right lens, V20 for the right and 
left lungs, Dmax and D1cc for the mandible, and V45 for 
the thyroid were significantly decreased for the HT (P 
<0.05). Dmean for right and left parotids and Dmax for 
the spinal cord was measured and a reduction of 
26.99 Gy for the Dmean of right parotid (P=0.002) and 
30.66 Gy for the Dmean of left parotid (P=0.000) and 
12.51 for the Dmax of the spinal cord (P=0.000) are 
important and remarkable advantages of HT over              
3D-CRT. For the other parameters, a decrease in             
values was observed in the HT method, but the P  
values did not show a significant difference. 
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parameter HT (X ̅±S) 3D-CRT (X ̅±S) P-value 
CI 1.36±0.26 0.25±0.15 0.000* 
HI 0.07±0.03 0.14±0.05 *0.001 

Table 4. PTV conformity and homogeneity indices in 3D-CRT 
and HT. 

Abbreviations: HI: Homogeneity index; CI: Conformity index. 
*Statistically significant at the level of 5%. Errors are standard                  
deviation; the last column shows the P-value between the two groups. 
*: is a sign that the difference between the two groups is significant. 

Parameter HT (X ̅±S) 3D-CRT (X ̅±S) P-value 
D98% (Gy) 52.78±3.51 49.66±4.73 0.007* 
D2% (Gy) 63.61±6.14 68.84±7.36 0.000* 

Dmean (Gy) 57.39±3.33 59.74±4.86 0.001* 
V95% (%) 98.13±1.48 80.05±20.54 0.000* 
D50% (Gy) 56.53±3.54 56.18±14.44 0.070 

Table 5. Evaluation parameters of Nodal PTV dose coverage in 
3D-CRT and HT.  

Abbreviations: D2%: dose covering 2% of PTV, representing the near 
maximal dose; D50%: dose covering 50% of PTV; D95%: dose covering 
95% of PTV; D98%: dose covering 98% of PTV; Dmean: mean dose. 
*Statistically significant at the level of 5%. Errors are standard                 
deviation; the last column shows the P-value between the two groups. 
* is a sign that the difference between the two groups is significant. 

Parameter HT (X ̅±S) 3D-CRT (X ̅±S) P-value 
CI 1.31±0.25 0.06±0.08 0.000* 
HI 0.17±0.08 0.34±0.11 0.000* 

Table 6. Nodal PTV conformity and homogeneity indices in 3D-
CRT and HT.  

Abbreviations: HI: Homogeneity index; CI: Conformity index. 
*Statistically significant at the level of 5%. Errors are standard                
deviation; the last column shows the P-value between the two groups. 
*: is a sign that the difference between the two groups is significant. 

P-value 3D-CRT (X ̅±S) HT (X ̅±S) Parameter Organ 
0.001* 46.09±18.16 32.09±16.40 Dmax (Gy) 

Brainstem 0.001* 41.45±20.21 24.06±17.21 D1cc (Gy) 
0.001* 19.68±21.20 9.50±11.76 D10cc (Gy) 
0.047* 32.12±29.65 23.23±18.67 Dmean (Gy) 

Right Cochlea 0.180 37.73±49.74 10.55±27.93 V55 (%) 
0.059 34.12±30.18 26.32±23.14 Dmax (Gy) 

0.028* 31.62±27.18 19.58±13.16 Dmean (Gy) 
Left Cochlea 0.180 27.18±42.66 0.00±0.00 V55 (%) 

0.037* 35.19±30.02 25.13±17.06 Dmax (Gy) 
0.003* 58.80±5.69 44.07±8.84 Dmean (Gy) 

Constrictor 
0.016* 70.03±5.11 66.32±6.18 Dmax (Gy) 
0.000* 57.29±7.48 35.57±17.82 Dmean (Gy) 

Larynx 0.002* 64.58±11.83 56.16±9.77 Dmax (Gy) 
0.001* 77.77±22.25 21.90±38.20 V50 (%) 
0.016* 8.24±17.59 5.80±15.46 Dmax (Gy) Right Lens 
0.320 6.60±16.81 5.83±15.42 Dmax (Gy) Left Lens 

0.005* 13.54±10.94 11.09±6.62 V20 (%) 
Right lung 0.388 19.07±14.58 22.77±14.65 V5 (%) 

0.084 7.73±5.66 7.78±4.55 Dmean (Gy) 
0.008* 13.33±9.81 10.92±6.86 V20 (%) 

Left Lung 0.695 19.40±14.79 23.37±15.41 V5 (%) 
0.077 7.69±5.28 7.72±4.90 Dmean (Gy) 

0.000* 70.14±6.83 62.50±9.56 Dmax (Gy) 
Mandible 0.000* 68.96±6.74 58.81±10.87 D1cc (Gy) 

0.068 1.60±5.64 0.00±0.00 V75 (%) 
0.001* 14.45±23.41 6.34±11.23 Dmax (Gy) 

Optic chiasm 
0.006* 13.46±22.40 5.36±9.84 Dmean (Gy) 
0.006* 16.77±25.28 11.60±21.22 Dmax (Gy) Right Optic 

nerve 0.004* 13.58±21.71 8.27±16.72 Dmean (Gy) 
0.001* 15.86±24.34 8.80±14.81 Dmax (Gy) Left Optic 

nerve 0.013* 12.72±20.80 5.97±10.37 Dmean (Gy) 
0.001* 71.61±6.05 66.86±8.41 Dmax (Gy) 

Oral Cavity 
0.020* 50.18±14.55 41.08±7.02 Dmean (Gy) 
0.002* 52.32±12.68 25.33±10.76 Dmean (Gy) Right Parotid 
0.000* 56.58±9.01 25.92±11.62 Dmean (Gy) Left Parotid 
0.000* 53.01±2.67 40.50±4.69 Dmax (Gy) Spinal cord 
0.116 67.22±8.68 64.01±7.80 Dmax (Gy) 

Thyroid 
0.028* 87.26±19.37 30.75±10.06 V45 (%) 

Table 7. Comparison of dose received by OARs of head and 
neck in 3D-CRT and HT. 

Abbreviations: Dmax: maximum dose; Dmean: mean dose; Dmin: 
minimum dose, D1cc and D10cc : dose covering 1 cm3  and 10 cm3 of 
PTV, respectively; Percentage of V5, V20, V45, V50, V55, V75:                
represent volumes of 5, 20, 50, 55, and 75 of PTV. *Statistically             
significant at the level of 5%. Errors are standard deviation; the last 
column shows the P-value between the two groups. * is a sign that the 
difference between the two groups is significant. 



DISCUSSION  
 

One of the most important parameters of                  
evaluating treatment plans is to cover the target           
volume of the case V95%, the percentage of the target 
volume that has received 95% of the prescribed dose. 
According to the obtained results, HT performed  
significantly better than 3D-CRT in terms of the             
target volume coverage. According to the CI                    
definition, the ideal state of full PTV with the             
prescribed isodose curve in the treatment design or 
CI value is one. The closer the values of this index are 
to 1, the more valuable it will be. Conformity index 
values for the HT method are significantly closer to 1. 
The reason is a high dose gradient around target            
volumes, no limit on the number of treatment fields, 
the non-uniform intensity of radiation from different 
directions, application of dose-volume constraints to 
the treatment planning system, use of iteration-based 
computer algorithms to find the optimal solution, and 
application of parameters like Importance and               
Penalty to control the optimization process. 

The homogeneity index is a ratio to assess PTV 
homogeneity. Larger HI values indicate weaker              
homogeneity in PTV. The closer this quantity is to 
zero, the more valuable it is. In the HT, the HI values 
for PTV and PTV Nodal were closer to zero.                 
Therefore, homogeneous dose distribution was             
observed in HT, due to the application of dose             
constraints to target volumes and consequently      
reducing the volume of regions with doses of more 
than 107% and less than 95%. 

In some cases, the target volumes overlapped 
with the adjacent OARs in the treatment planning. 
When sparing OARs is considered, it is more                
important than dose homogeneity and adequate PTV 
coverage.  

The ICRU recommends that the absorbed dose in 
PTV be limited to between 95% and 107% of the  
prescribed dose. The extent of regions with high and 
low doses is determined using dose-volume values 
such as D2% and D98% for regions with high and low 
absorption doses, respectively. In HT, D2% values for 
PTV and PTV Nodal were significantly reduced             
compared to 3D-CRT, and resulted in reduction hot 
spots or regions with a high absorbed dose in HT 
compared to 3D-CRT. The D98% parameter in the HT 
increased compared to 3D-CRT, which means that in 
the HT, a decrease in cold spots or regions with a low 
absorption dose is encountered. Therefore, the HT 
method performed better than 3D-CRT in reducing 
hot and cold spots or regions with high and low           
absorbed doses. Consequently, reducing cold spots or 
regions with less than the required absorbed dose 
means reducing the possibility of tumor recurrence 
and reducing hot spots or regions with excessive  
absorbed dose reduces the complications and side 
effects after treatment. 

According to results of table 7, most of the             

parameters compared between the critical structures 
showed a statistically significant difference between 
the two studied techniques (P<0.005), meaning that 
most of these structures received higher doses in the 
3D-CRT compared to HT.  

In a study (21), the dose received by the spinal cord 
for the 3D-CRT method was significantly lower than 
the HT method, which is not in agreement with          
results of this study. But, the dose received was much 
lower than the tolerance dose limit of the spinal cord 
and this increase in the dose for the spinal cord              
happened at the cost of a decrease in the dose for the 
carotids and thyroid, which causes less potential side 
effects for the patient. 

In this study, unlike HT, 3D-CRT was not able to 
meet the mean dose range < 26 Gy for the parotids, 
and HT significantly reduced the mean dose received 
by the right and left parotids compared to 3D-CRT 
(table 7). In 2019, Teng et al. (22) reported a Dmean of 
29.12 Gy for parotid in HT, which is higher than the 
Dmean obtained in this study.  

The Dmax of the oral cavity in Santa Cruz et al. (23) 
study with the HT method was 42±18 Gy which is 
lower than the value obtained in the present study 
(table 7). The Dmean of the oral cavity in a study                 
conducted by Leung et al. (24) was 32.49±6.09 Gy in 
comparison to 41.08±7.02 Gy in the present work. 
The reason for the difference in these values could be 
related to the difference in tumor location in the two 
mentioned studies. The oral cavity is one of the              
parallel organs, the Dmean is more suitable and its  
value was slightly higher in 3D-CRT compared to HT.  

In HT technique, the Dmax of mandible in previous 
studies was 56±12 Gy (23) and 63.64±1.27 Gy (24) and 
55.5±1.3 and 56.5±0.8 Gy (15). In this study, it was 
62.5±9.56 Gy, which is more than some studies and 
less than some others and meets the specified dose 
range. This value is significantly lower than the value 
obtained for the 3D-CRT method and for 3D-CRT is 
out of range.  

The Dmean of larynx in Santa Cruz et al. (23) work 
was 29±13 Gy and in the present study it is less than 
the value obtained from the 3D-CRT method. The 
Dmax of thyroid by HT in Santa Cruz et al. (23) study 
was 52±19 Gy, but it was higher in this study, which 
is still more than the prescribed dose range of               
previous study. In this study, this value was higher in 
the 3D-CRT method. Therefore, the HT method did 
not show much difference in thyroid protection             
compared to 3D-CRT. The Dmax of brainstem in             
previous studies was 50.53±1.78 Gy (24) and 20±12 
Gy (23) and 30.60±4.41 Gy in HT and it was 4.21±4.21 
33.74 Gy in 3D-CRT (25). In this study, the Dmax of 
brainstem was obtained 32.09±16.40 Gy in HT and 
46.09±18.16 Gy in 3D-CRT.  

Also, the Dmean of right and left cochlea with HT 
was reported as 6.5 and 6 Gy in Nguyen et al. (26) 
work and in this study these values are higher than 
the previous mentioned study, but they are still lower 
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than the intended dose limit and significantly lower 
than the values obtained for the 3D-CRT method. The 
results of this work are in a good agreement with 
Myers et al. (27) study, which they have claimed that 
HT may provide patients with better long-term               
outcomes after radiotherapy. 

The results in table 7, showed that 3D-CRT, in 
many cases, was not able to meet the desired                   
constraints for OARs. This was especially evident in 
the case of serial structures such as the spinal cord, 
even despite prioritizing the spinal cord over target 
volumes in 3D-CRT. In most OARs, a decrease in the 
Dmean received in 3D-CRT compared to HT.  

All of these findings and their comparison can 
confirm that HT is a more successful method in                
sparing oral cavity, mandible, larynx, cochlea, and 
brainstem.   

Despite the potential advantages of the HT               
technique compared to 3D-CRT, it has superiority for 
cases with lymph nodes involvement in the head and 
neck region, due to the wideness and multiplicity of 
target volumes and numerous OARs, but sometimes 
their overlap with the target volumes has remained 
unclear.  

 
 

CONCLUSION 
 

In the present study, dosimetric characteristics of 
HT and 3D-CRT methos are assessed and compared 
based on the results of treatment planning for                 
head and neck cancer patients with regional lymph 
node involvement. Findings showed significant 
improvements in sparing OARs such as spinal cord 
and parotids, reduction in the volume of cold and hot 
spots, and better dose coverage of target volumes for 
HT compared to 3D-CRT. The HT also performed  
significantly better than the 3D-CRT in the dose            
homogeneity and conformity indices that was not 
possible in 3D-CR. Overall, with the satisfactory             
results obtained HT technique has considerable 
promise to treatment head and neck cancer with the 
involvement of regional lymph nodes. 
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