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Abstract 

Purpose: Prospective estimation of patient CT organ dose prior to examination can help 

technologist adjust CT scan settings to reduce the radiation dose to patients while 

maintaining certain image quality. One possible way to achieve this is by matching 

patient to digital models precisely. In a previous work1, patient matching was performed 

manually by matching the trunk height which was defined as the distance from the most 

superior aspect of the clavicle to the most inferior aspect of the symphysis pubis. 

However, this matching method is time consuming and impractical in scout images 

where the entire trunk is not included. The purpose of this work was to develop an 

automatic patient matching strategy and verify its accuracy.  

Methods:  Models utilized in this work are extended cardiac-torso (XCAT) phantoms2, 3. 

This study included 58 adult XCAT phantoms (23 female phantoms, 35 male phantoms). 

For each XCAT phantom, a whole body scout image was generated utilizing a ray-

tracing algorithm. To acquire reasonable matching of patient with XCAT phantoms prior 

to CT scans, a scout image of the patient was utilized as a representation of the patient’s 

anatomy. Pre-processing of patient scout images include segmentation of lung and 

truncation of image to eliminate the influence of the body contour. Normalized cross 

correlation was calculated between processed patient scout image and 58 XCAT scout 

images. Maximum cross correlation value was assumed to provide the best match of 
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patient and XCAT phantoms. To evaluate this method, 49 scout images of patients from 

which XCAT phantoms were originally generated were utilized. In each verification 

process, the patient’s best matched phantom was found within 57 phantoms excluding 

the XCAT phantom that was generated from that specific patient. Organ position and 

dose were utilized to measure the matching error. Organ position was calculated based 

on distance to the lowest aspect of lung along vertical direction in each XCAT phantom. 

A total of seven organs’ positions, including thyroid, lung, heart, liver, kidney, bladder 

and pelvis were compared between patient and best match XCAT phantom. Organ 

doses with both chest and abdominal protocols under different tube current modulation 

strengths were calculated using a convolution based method. Three matching strategies 

were tested, including matching with image preprocessing, matching without image 

preprocessing and matching with derivative profile of image. Matching with derivative 

profile of image was conducted by summing the derivatives in every horizontal row and 

calculating the normalized cross correlation value between profiles. The matching 

results were compared with manual matching in a previous study1. 

Results: Among the three matching strategies, matching with image preprocessing 

showed comparable results with matching without image preprocessing. The derivative 

strategy showed a slightly poorer matching performance. The average organ position 

differences using matching with image preprocessing, matching without image 
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preprocessing and matching with derivative profile of image were 1.8 ± 1.5 cm, 1.8 ± 1.4 

cm and 2.5 ± 1.9 cm respectively. Average organ dose errors in abdominopelvic protocol 

with TCM strength 1.0, 0.75, 0.5, 0.25 for matching with image preprocessing were 7.3 ± 

7.2 %, 7.1 ± 6.5 %, 6.5 ± 5.1 % and 5.5 ± 3.8 % respectively. Average organ dose errors in 

chest protocol with TCM strength 1.0, 0.75, 0.5, 0.25 for matching with image 

preprocessing were 8.8 ± 11.2 %, 8.3 ± 9.9 %, 7.4 ± 7.8 % and 6.3 ± 6.0 % respectively. 

Average organ dose errors in abdominopelvic protocol with TCM strength 1.0 for 

matching with image preprocessing, matching without image preprocessing and 

matching with derivative profile were 7.6 ± 7.7 %, 7.7 ± 8.0 % and 8.3 ± 8.6 % 

respectively. Average organ dose errors in chest protocol with TCM strength 0.75 for 

matching with image preprocessing, matching without image preprocessing and 

matching with derivative profile were 98.2 ± 9.8 %, 8.3 ± 9.9 % and 8.9 ± 10.3 % 

respectively. 

Conclusion: This study developed automatic strategies for patient matching to XCAT 

phantoms and showed good accuracy in organ position estimation. These strategies 

could be utilized to estimate patient specific organ dose and image quality prior to CT 

scans. 
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1. Introduction  

1.1 Monitoring Radiation Dose from Computed Tomography (CT) 

Since its introduction in the 1970s, computed tomography (CT) has grown into a 

major diagnostic method and its usage has increased dramatically in the past two 

decades. The CT allows physicians to see anatomical structures in three dimensions data 

rather than two, thus largely improving diagnostic accuracy by removing problems in 

interpretation due to overlapping structures and geometric distortion. However, 

although CT improves patient care dramatically, there exists increasingly public 

concerns about the wide spread of CT due to its higher radiation dose compared to plain 

radiographs. According to National Committee on Radiological Protection (NCRP) 

Report 1604, population radiation exposure almost doubled over 25 years, and medical 

exposure increased from 15% to 48% of the estimated collective dose to the US 

population (Figure 1). Almost half of the medical exposure is from CT (Figure 2). Thus, 

monitoring, reporting and recording CT dose are essential tasks in patient care. Current 

CT dosimetry indexes include computed tomography volumetric dose index (CDTIvol), 

dose length product (DLP), size-specific dose estimates (SSDE) and organ dose. The 

computed tomography dose index (CTDI) was invented over three decades ago and it is 

now the most frequently used CT dosimetry index in clinic5. It measures machine output 

across the area of the central scan plane utilizing a standard-sized cylindrical phantom 

under constant tube current. Also, it can provide a comparison between different 
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protocols and different machines. However, it does not account for patient size and 

patient internal anatomy. Dose length product (DLP) is calculated by multiplying 

CTDIvol with scan length. It provides approximation of overall radiation risk, but it does 

not represent patient dose and it does not consider patient size. In order to take into 

account patient size, SSDE was developed by the American Association of Physicists in 

Medicine (AAPM) by combining a size specific factor with CTDIvol6. It takes patient size 

into consideration but still not patient internal anatomy. The patient internal anatomy is 

best captured through organ dose calculation7-9. Organ dose can take both patient size 

and patient internal anatomy into account. Moreover, current CT scans are typically 

performed under tube current modulation (TCM). As mentioned before, CTDIvol is 

measured under constant tube current, which makes CTDIvol and SSDE only suitable for 

constant tube current scans but not for TCM scans. However, organ dose can be applied 

to TCM conditions using several methods, which makes organ dose more appealing 

than the other two indexes10. With the introduction of organ dose, patient-specific dose 

estimation becomes possible. Currently organ dose is considered to be the best index to 

monitor CT dose.  
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Figure 1: Comparison of exposure of U.S. population in the early 1980s and in 

2006. Notice that medical exposure increased from 15% to 48%4. 

 

Figure 2: Effective dose to U.S. population in all categories. Notice that CT 

dose comprises almost half of all medical exposure4. 
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1.2 Tube Current Modulation 

Due to the increasing concerns in radiation related dose in CT scans, several 

innovations have been introduced, including tube current modulation (TCM)11. As 

shown in Figure 3, this technique can adjust tube current in the x-y plane or z plane 

based on patient size and attenuation. The purpose of TCM is to maintain image quality 

while minimizing the radiation dose to patients. The basic principle for TCM is based on 

calculated attenuation from scout image (CT topogram, scanogram or surview) based on 

a sinusoidal-type mA-modulation function. It automatically adjusts tube current to 

achieve the required image quality in nearly real time through feedback algorithms. 

Different vendors have different standards for the level of image quality in TCM scans. 

For instance, GE scanners aim to achieve a constant noise level regardless of patient size 

and attenuation, while Siemens scanners try to maintain a certain noise level but allow 

higher noise in high attenuation body parts. Despite different TCM technologies and 

nomenclature of different vendors, TCM reduces the radiation dose to patients while 

maintaining image quality and reducing human errors caused by arbitrary protocol 

selections. 
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Figure 3: (a) An example of TCM in a chest scan. (b) An example of TCM in an 

abdominopelvic scan7. 

1.3 Prospective Patient Specific Organ Dose Estimation 

Previous studies have shown the possibility of estimating organ dose in digital 

phantoms and real patients retrospectively7, 8, 12-15. However, retrospective estimation of 

organ dose has limited benefits to patients. In contrast, prospective estimation of organ 

dose is more valuable to patients because technologists can adjust CT scan settings to 

reduce dose to patients while maintaining certain image qualities based on the dose 

estimation. In order to measure patient specific organ dose prospectively, one possible 

way is through the atlas technique. This technique includes a library of digital 

phantoms, pre-calculated organ dose indexes for each phantom and matching strategy 

to match patient to digital phantoms. However, matching patient to digital phantoms 

prior to examination is challenging because of the limited amount of patient’s 

anatomical information. Previous works in our group16 showed no correlation between 

organ size and position with patient heights, weights and body mass index (BMI). 
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Another available piece of pre-examination information is the scout image. In a previous 

work1, matching patient to digital phantoms was performed utilizing manual 

comparison of trunk height, which was defined as the distance between the most 

superior aspect of clavicle to the most inferior aspect of symphysis pubis, in scout 

images. However, this manual matching is time consuming and impractical when the 

trunk is not available in the images. These factors make manual matching impractical in 

clinical operations. 

1.4 Image Registration 

Image registration, a crucial step in image processing, is a process of overlaying 

two or more images taken from different sensors, different viewpoints, different times 

and/or different objects17, 18. Applications of image registration include image fusion, 

change detection, motion tracking, automatic quality inspection and target template 

matching17. Many methods have been developed for image registration including 

mutual information, normalized cross correlation, transformation, etc. Among all these 

techniques, normalized cross correlation is an efficient template matching registration 

method even when slight rotation and scaling are present19. 

1.5 Purpose of This Work 

The purpose of this work was to develop an automatic patient matching strategy 

to achieve prospective estimation of organ dose prior to examination using scout image 

as the basis for matching. We hypothesized that if a patient’s scout image can precisely 
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match a simulated scout image of a digital phantom, the digital phantom can be utilized 

to represent the patient and thus the organ dose estimation could be more precise. 

Normalized cross correlation was utilized to match the patient to digital phantoms. 

Through finding maximum cross correlation values, the patient is assumed to be 

matched to the most similar digital phantom. After matching the patient to the digital 

phantom, organ position and organ dose under tube current modulation CT scans were 

calculated and compared with the ground truth (Monte Carlo simulated organ dose) to 

verify the results. In this study, we developed three automatic matching strategies, 

validated our hypothesis, and verified automatic patient matching strategies, which can 

be applied to prospective organ dose calculations.  
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2. Materials and Methods 

2.1 Extended Cardiac Torso Phantoms (XCAT Phantoms) 

Extended Cardiac Torso (XCAT) digital phantoms (developed by Dr. Segars for 

multimodality imaging research2, 3) were used in this work. These phantoms are highly 

detailed whole body phantoms generated by utilizing non-uniform rational B-spline and 

segmentation of visible anatomical datasets. Real patient datasets were reviewed by a 

radiologist to ensure that these patients represented normal anatomy in a general 

population. Segmentation of major organs and anatomical structures were performed 

manually. The head, arms and legs were generated from previous phantoms and scaled 

to best match the anatomy of the XCAT phantoms. In total, 58 XCAT phantoms with 

different anatomical features were utilized in this study including 35 male phantoms 

and 23 female phantoms (Figure 4). These 58 XCAT phantoms were based upon patients 

who ranged in age from 18 to 78 years old and body mass index (BMI) from 18.2 kg/m2 

to 36.7 kg/m2. This variability in age and body habitus enabled us to model patient’s 

variability and mimic clinical reality. 
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Figure 4: Anatomies of 58 adult XCAT phantoms3. 

2.2 XCAT Scout Images  

For each XCAT phantom, a zero-noise whole body scout image was generated 

utilizing an analytical X-ray projector developed in our laboratory20 as shown in Figure 

5. The settings used to generate XCAT scout images were the same as for a GE 

Lightspeed CT scanner using 521 mm distance to source, 541 mm distance to detector, 

0.545 mm by 0.597 mm pixel, 6.5 degree half fan angle, 0.05 mAs per projection and 0.8 

geometric efficiency detector.  
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Figure 5: Simulated XCAT scout images. The Figure on the left is one example 

of a simulated scout image and the Figure on the right is 58 simulated scout images. 

2.3 Patient Scout Images  

Patient scout images were acquired from the Duke Hospital database. Figure 6 

shows an example of a patient scout image. 
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Figure 6: One example of patient scout images. 

2.4 Lung Segmentation 

A lung segmentation algorithm developed by Dr. Jered Wells was utilized to 

segment lung tissue from the images. It includes body segmentation, histogram 

equalization, bias field correction, spine centerline, lung boundary detection, and fuzzy 

C-means lung segmentation. To test the robustness of the lung segmentation algorithm, 

164 real patient AP scout images acquired with different protocols including brain, chest 

abdominopelvic, chest, and lumbar spine were tested. Figure 7 is an example of lung 

segmentation in a patient scout image. In total 164 real patient AP scout images were 

utilized to test the efficiency of lung segmentation. The lung segmentation was 

considered successful if the segmented lung boundaries were within 1 cm range of real 

lung boundaries by visual examination. Otherwise it was considered failed. 
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Figure 7: An example of a lung segmentation in a patient scout image. 

2.5 Normalized Cross Correlation 

Normalized cross-correlation is an effective method to measure similarities 

between two images21. It is easy to implement, efficient, invariant to linear brightness 

and contrast variations and can be applied with slight rotation and scaling. These 

features make it suitable for this work, where the y-axis of most patients is aligned with 

the major axis of patient table. The convolution method was implemented using: 

 

where  is the correlation coefficient at position ,  is the image (in this case 

XCAT scout images) at position , t is the feature (in this case patient scout images), 

and ,  is the mean of  and t, respectively22. 
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2.6 Derivative Profile Calculation 

One possible image matching strategy is to match a derivative profile of a patient 

scout image and XCAT scout images as shown in Figure 8. The derivative profile is 

calculated by summing up the absolute differences between pixels in one horizontal 

row. For example, if pixel values in one horizontal row α of image is P1, P2, P3... Pn-1, Pn, 

then the derivative profile of row α is   Dα = |P2 – P1|+|P3 – P2|+…+|Pn – Pn-1|. This 

method has the potential to eliminate the effects of high gradients due to the table and 

body fat during matching. In scout images, the table is relatively straight along the 

whole image and its pixel values only vary only slightly. This means that the calculated 

derivative for the table is almost the same for each row, so it will only raise the baseline 

of the profile and will not influence the shape of the derivative profile. As with the table, 

body fat is relatively uniform and its pixel values only change slightly, and will have 

limited influence on the shape of the profile. Body parts where pixel values vary notably 

in one row will have a higher derivative profile value (e.g., lung), while body parts 

where pixel values are relatively constant will have a lower derivative profile value (e.g., 

abdominal region). This can be seen in Figure 8. However, this method has potential 

limitations because it compresses two-dimensional images into one-dimensional profiles 

and may compromise the matching results, as will be shown in the “Results” section. 
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Figure 8: Derivative profile of a scout image. The Figure above is an example 

of an XCAT scout image and the Figure below is the derivative profile of this image. 

The derivative profile was calculated by summing up absolute differences between 

pixels in each column. 

2.7 Matching Strategy 

To achieve prospective dose estimation, the patient’s anatomy must be estimated 

before the CT scan. Previous work in our group16 showed there was no correlation 

between organ position and patient height, weight and BMI, which makes the scout 
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image the best representation of a patient’s anatomy. However, Tian et al.1 showed that 

patient matching can be achieved by matching the trunk height, as defined above, in 

scout images. In this study, three matching strategies were proposed and tested with 

real patient datasets including matching with image preprocessing, matching without 

image preprocessing and matching with the derivative profile. In the matching with 

image preprocessing strategy, to avoid patient outer contour dominating correlation 

results, the patient scout image was first truncated according to the lateral boundaries of 

the lungs, as defined by the lung segmentation algorithm. Normalized cross correlation 

values were calculated between the truncated patient scout image and the XCAT scout 

images. The maximum normalized cross correlation value corresponds to the most 

similar image pairs and we assume the corresponding XCAT phantom reasonably 

represents a patient’s anatomy. In the matching without image preprocessing strategy, 

normalized cross correlation values were calculated directly between the patient scout 

image and the XCAT scout images without truncation of the patient scout image. The 

remaining steps were the same. In the matching with derivative profile strategy, 

derivative profiles from both the patient scout image and the XCAT scout images were 

calculated. The normalized cross correlation values were then calculated between the 

patient scout derivative profile and XCAT scout derivative profile and the maximum 

cross correlation value was assumed to provide the best match. 
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2.8 Dose Calculation 

The convolution-based method developed by Tian et al.1 was utilized to calculate 

organ dose in tube current modulation (TCM) CT scans12, 13. The overall workflow for 

organ dose estimation is shown in Figure 9. Organ dose under constant TCM scan for 

each XCAT phantom was calculated utilizing Monte Carlo simulation (Penelope, cutoff 

energy 100 ev). Then the organ dose was normalized by CTDIvol to obtain an organ dose 

coefficient (horgan), which is relatively independent of the CT system and scan 

parameters10.  The Monte Carlo simulated dose rate profile5, 23 was convolved with both 

the tube current modulation profile and the constant mAs profile, and then integrated 

with the organ position information to calculate (CTDIvol)organ, convolution. The organ dose 

estimation was achieved by multiplying (CTDIvol)organ, convolution with horgan. For each patient 

and XCAT phantom, the organ dose was calculated in simulated CT chest and 

abdominal scans. Differences of organ doses between patient and corresponding 

matching phantom were calculated.  
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Figure 9: Workflow for organ dose estimation under tube current modulation 

CT scans1. 

2.8.1 Organ Dose Coefficients 

Organ dose under chest and abdominopelvic protocols with constant mAs was 

simulated utilizing Monte Carlo methods for each XCAT phantom. In the chest protocol, 

the scanning region was defined from 1 cm above the most superior extent lung apices 

to 1 cm below the most inferior extent base of the lung. In the abdominopelvic protocol, 

the scanning region was defined from 1 cm above the superior of the liver to 1 cm below 

the most inferior aspect of the ischium. The scan settings were 120 kVp, constant mAs, 

0.8 pitch, 38.4 mm collimation and standard bowtie filter. Each simulation was 

performed with 8x107 photons and the relative error was less than 1% for organs inside 
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the field-of-view. Organ dose was normalized by CTDIvol for a 32 cm diameter CTDI 

phantom to obtain organ dose coefficients (horgan) as   

horgan = organ dose / CTDIvol                (1) 

Previous studies1, 8, 12, 15 have shown that the organ dose coefficients have an 

exponential relationship with body diameters as 

horgan(chest) = exp(adchest+b)                                  (2) 

and 

horgan(abdo) = exp(adchest+b)                (3) 

where horgan(chest) and horgan(abdo) represent organ dose coefficients in chest and 

abdominopelvic protocols, respectively, dchest and dabdo are average chest and 

abdominopelvic diameters respectively, and a and b are organ specific modeling 

parameters. 

2.8.2 (CTDIvol)organ, convolution Under Different TCM 

Because actual TCM principles of CT manufacturers are proprietary, researchers 

have investigated automatic control systems in major CT manufactures (GE, Siemens, 

Philips and Toshiba) and found that the logarithm of tube current (mA) shows a linear 

relationship with phantom attenuation (ud)24, 

ln (mA) = αud + ln (mA0),                      (4) 

where α is modulation strength and mA0 is constant tube current under direct current 

(DC) level. When α = 1, TCM strength is strongest and the noise level of every projection 
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will remains constant while α = 0 means constant mA. In this study, organ doses with 

different TCM strengths (α  =  0.25, 0.50, 0.75, and 1.0) were calculated.  

 In order to calculate an accumulated dose profile (DCTDI) along the z axis, the 

dose rate profile simulated utilizing Monte Carlo was convolved with both the TCM 

profile (DCTDI,TCM)  and the DC tube current profile (DCTDI,DC)1. Because horgan was derived 

under constant tube current conditions, a conversion factor was needed to make horgan 

applicable to the TCM situation. This conversion factor can be represented by the Dose 

Ratio as 

Dose Ratio = DCTDI,TCM/ DCTDI,DC.               (5) 

 Combined with the patient organ distribution profile along the z axis, the organ 

specific CTDIvol value (CTDIvol)organ, convolution was derived as 

(CTDIvol)organ, convolution = RorganCTDIvol                     (6) 

where  

                (7) 

Dose Ratioz is the dose ratio at location z and, Nz is the number of organ voxels at plane 

z. Rorgan can be considered as the organ specific dose ratio to convert DC condition to 

TCM condition. 

2.8.3 Organ Dose Estimation 

Organ dose under different TCM strengths (HTCM) were estimated by multiplying 

horgan and (CTDIvol)organ, convolution as 
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HTCM = horgan *(CTDIvol)organ, convolution               (8) 

 In total, 28 organs were included in the organ dose estimation including breasts, 

bones, heart, kidneys, lungs, liver, gall bladder, spleen, stomach, brain, bladder, large 

intestine, pancreas, prostate, adrenals, thyroid, thymus, larynx-pharynx, trach-bronchi, 

testes, eyes, small intestine, esophagus, marrow, skin, ovaries, uterus and vagina. 

2.9 Matching Verification 

To verify the proposed correlation based matching strategies, 49 real scout 

images from the patients from whom the XCAT phantoms were generated were utilized 

to verify the matching accuracy. The reason to utilize those patients scout images is that 

patients’ anatomies were already known and could be represented by their 

corresponding XCAT phantoms.  

2.9.1 Verification of Organ Position 

For each patient, the three matching strategies described above were applied 

with the XCAT phantom database excluding the specific XCAT phantom which was 

generated from that patient; that is, 57 XCAT phantoms were utilized in matching for 

one patient. Organ positions were compared between patients and the best match XCAT 

phantom and organ position differences were calculated. Organ position was calculated 

based on the distance to the most inferior aspect of lung base along the vertical direction 

in each XCAT phantoms. In total, seven organs’ positions, including thyroid, lung, heart, 

liver, kidneys, bladder and pelvis were compared between the patient and the best 
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match XCAT phantom. For each organ, the distances to the most inferior extent of lung 

from both its superior and inferior aspects were calculated. Figure 10 shows an example 

of organ position measurement. 

 

Figure 10: An example of organ position measurement. The most inferior 

aspect of the left lung base is set as original point. Distances from the lung base to the 

lung apex, superior aspect of the ilium and the inferior aspect of the ischium are 22, 20 

and 40 cm respectively. 

2.9.2 Verification of Organ Dose Estimation 

For the matching with image preprocessing strategy, organ doses under four 

values of TCM strength (0.25, 0.5, 0.75 and 1.0) were calculated for both chest and 

abdominopelvic protocols.  For the matching without image preprocessing and 

matching with derivative profiles strategies, organ doses under a single TCM strength 

were calculated for both chest (TCM strength 0.75) and abdominopelvic (TCM strength 
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1.0) protocols.  The organ doses under all TCM strengths in chest and abdominopelvic 

protocol were then compared with the direct Monte Carlo simulated organ dose applied 

to XCAT phantoms which was considered as ground truth to further verify the 

matching accuracy. The difference between the estimated organ dose and the Monte 

Carlo simulated organ dose was calculated and normalized by the CTDIvol of the exam 

to obtain the percentage difference. The reason for normalization by CTDIvol was to add 

weighting of the percentage difference for each organ according to their dose level, as 

otherwise low dose organ would tend to have small percentage difference while high 

dose organ would tend to have a large percentage difference. 

2.9.3 Comparison with Manual Matching 

A previous study1 has shown matching between the patient and digital 

phantoms can be performed manually by matching the trunk height. To compare the 

proposed matching strategy with the manual matching using trunk height, organ dose 

estimation error was compared between the matching with image preprocessing and 

manual matching under the abdominopelvic protocol with different TCM strengths. 

Two tailed t-tests of datasets were performed to see if there is a significant difference 

between the two strategies. 
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3. Results 

3.1 Lung Segmentation 

Among 164 real patients’ AP scout images, the lung segmentation algorithm 

successfully segmented lung for 150 AP scout images. The 164 scout images can be 

divided into two groups, one with both entire lungs in the image and the other with 

only part of the lungs in the image. For the entire lung cases, the lung segmentation 

algorithm succeeded in all 97 cases, for the partial lung cases, the lung segmentation 

algorithm succeeded in 53 of 67 cases as shown in Figure 11. 

 

Figure 11: Lung segmentation results. The blue bar represents the number of 

cases the succeeded and the orange bar represents the number of all cases in different 

categories.  

 Examples of failed cases were shown in Figure 12. For all 19 chest scout images 

and 72 chest abdominopelvic scout images, including all patient images utilized to 
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verify the matching strategies, the lung segmentation algorithm succeeded in correctly 

segmenting the lungs. 

                             
Figure 12: Two examples in which the lung segmentation algorithm failed. 

3.2 Matching Verification 

3.2.1 Verification of Organ Position 

For the matching with image preprocessing strategy, average organ position 

error was 1.9 ± 1.5 cm. For the matching without image preprocessing strategy, average 

organ position error was 1.9 ± 1.4 cm. For the matching with derivative profile strategy, 

average organ position error was 2.6 ± 1.9 cm. Table 1 lists the organ position error with 

regards to different organs. Figure 13 shows the average organ position error with error 

bars for four matching strategies.  



 

25 

Table 1: Organ position errors (in cm) for different matching strategies 

 Matching 

with image 

preprocessing 

Matching 

without 

image 

preprocessing 

Matching 

with 

derivative 

profile 

Lung top 2.2 2.7 3.4 

Heart top 1.7 1.8 2.1 

Heart bottom 1.6 1.6 1.9 

Liver top 1.5 1.5 2.1 

Liver bottom 2.3 2.0 2.5 

Kidney top 1.3 1.2 1.9 

Kidney bottom 1.9 2.0 2.3 

Pelvis top 2.1 1.9 3.0 

Pelvis bottom 1.9 1.9 3.4 

Bladder top 2.7 2.7 3.4 

Bladder bottom 2.3 2.2 3.3 

Thyroid top 2.4 2.3 3.4 

Thyroid bottom 2.4 2.2 3.0 

Mean 1.9 ± 1.5 1.9 ± 1.4 2.6 ± 1.9 

 

 

Figure 13: Average organ position error with error bars (standard deviation) for 

four matching strategies. Blue represents matching with image preprocessing, orange 

is matching without image preprocessing and gray is matching with derivative 

profile. 
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3.2.2 Verification of Organ Dose Estimation 

The average organ dose errors in abdominopelvic protocol with TCM strength 

1.0, 0.75, 0.5, 0.25 for matching with image preprocessing were 7.3 ± 7.2 %, 7.1 ± 6.5 %, 6.5 

± 5.1 % and 5.5 ± 3.8 %, respectively. The average organ dose errors in chest protocol 

with TCM strength 1.0, 0.75, 0.5, 0.25 for matching with image preprocessing were 8.8 ± 

11.2 %, 8.3 ± 9.9 %, 7.4 ± 7.8 % and 6.3 ± 6.0 %, respectively. The average organ dose 

errors in the abdominopelvic protocol with TCM strength 1.0 for matching with image 

preprocessing, matching without image preprocessing and matching with derivative 

profile were 7.6 ± 7.7 %, 7.7 ± 8.0 % and 8.3 ± 8.6 % respectively. The average organ dose 

errors in chest protocol with TCM strength 0.75 for matching with image preprocessing, 

matching without image preprocessing and matching with derivative profile were 8.2 ± 

9.8 %, 8.3 ± 9.9 % and 8.9 ± 10.3 % respectively. The organ doses estimation error 

obtained by utilizing matching with image preprocessing strategy with different TCM 

strengths in abdominopelvic and chest protocols are shown in Figure 14 (Table 2) and 

Figure 15 (Table 3) respectively. Comparison of organ doses estimation errors with TCM 

equals 1.0 in the abdominopelvic protocol utilizing matching with image preprocessing 

strategy, matching without image preprocessing strategy and matching with derivative 

profile strategy is shown in Figure 16 and Table 4. Comparison of organ doses 

estimation errors with TCM equals 0.75 in chest protocol utilizing four different 

strategies is shown in Figure 17 and Table 5.  
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Figure 14: Organ dose estimation error by utilizing matching with image 

preprocessing strategy with different TCM strength in abdominopelvic protocol. 

Different colors represent different TCM strengths. 

 

Figure 15: Organ dose estimation error by utilizing matching with image 

preprocessing strategy with different TCM strength in chest protocol. Different colors 

represent different TCM strengths. 
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Figure 16: Comparison of organ dose estimation errors with TCM equals 1.0 in 

abdominopelvic protocol utilizing matching with image preprocessing strategy, 

matching without image preprocessing strategy and matching with derivative profile 

strategy.  

 

Figure 17: Comparison of organ dose estimation errors with TCM equals 0.75 

in chest protocol utilizing matching with image preprocessing strategy, matching 

without image preprocessing strategy and matching with derivative profile strategy.  
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Table 2: Organ dose estimation errors utilizing matching with image 

preprocess strategy with different TCM strengths in abdominopelvic scans. 

  

α = 1.0 

 

 

α = 0.75 

 

α = 0.5 

 

α = 0.25 

Breasts 3.5% 4.0% 4.7% 5.5% 

Bones 4.7% 4.1% 3.6% 3.5% 

Heart 5.3% 6.1% 7.1% 7.8% 

Kidneys 4.2% 4.1% 3.7% 3.5% 

Lungs 3.1% 3.7% 4.5% 5.7% 

Liver 4.2% 4.8% 5.6% 5.8% 

Gall bladder 7.6% 7.6% 7.2% 6.7% 

Spleen 6.1% 5.7% 5.8% 6.2% 

Stomach 6.6% 7.7% 8.7% 8.7% 

Brain 0.0% 0.0% 0.0% 0.0% 

Bladder 20.3% 21.4% 18.1% 12.2% 

Large intestine 10.3% 9.3% 7.7% 5.3% 

Pancreas 5.3% 6.2% 6.6% 6.0% 

Prostate 19.0% 15.9% 12.2% 7.8% 

Adrenals 4.4% 5.0% 5.3% 5.0% 

Thyroid 1.1% 1.0% 0.9% 0.8% 

Thymus 1.4% 1.6% 2.0% 2.6% 

Larynx-pharynx 0.5% 0.5% 0.4% 0.4% 

Trach-bronchi 1.9% 2.2% 2.8% 3.5% 

Testes 26.1% 22.4% 17.9% 17.8% 

Eyes 0.0% 0.0% 0.0% 0.0% 

Small intestine 10.8% 10.2% 8.8% 6.4% 

Esophagus 3.1% 3.5% 4.3% 5.3% 

Marrow 2.4% 2.4% 2.4% 2.4% 

Skin 1.5% 1.5% 1.5% 1.4% 

Ovaries 15.9% 14.7% 11.2% 6.7% 

Uterus 19.8% 19.1% 15.8% 9.5% 

Vagina 16.3% 14.4% 12.1% 7.9% 

Mean 7.3% ± 7.2% 7.1% ± 6.5% 6.5% ± 5.1% 5.5% ± 3.8% 
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Table 3: Organ dose estimation errors utilizing matching with image 

preprocess strategy with different TCM strengths in chest scans. 

  

α = 1.0 

 

 

α = 0.75 

 

α = 0.5 

 

α = 0.25 

Breasts 32.3% 26.9% 19.0% 10.9% 

Bones 6.8% 5.9% 4.9% 4.3% 

Heart 8.3% 8.7% 9.7% 9.2% 

Kidneys 3.5% 3.8% 4.2% 4.9% 

Lungs 15.9% 14.1% 11.7% 8.8% 

Liver 6.8% 7.3% 8.2% 9.3% 

Gall bladder 6.1% 6.4% 7.2% 8.2% 

Spleen 13.6% 14.2% 15.4% 16.4% 

Stomach 8.1% 8.9% 10.3% 11.6% 

Brain 0.9% 0.8% 0.6% 0.4% 

Bladder 0.0% 0.0% 0.1% 0.1% 

Large intestine 2.2% 2.3% 2.5% 2.7% 

Pancreas 5.7% 6.1% 6.9% 7.9% 

Prostate 0.0% 0.0% 0.0% 0.0% 

Adrenals 6.0% 6.5% 7.5% 8.8% 

Thyroid 46.9% 42.5% 32.8% 23.7% 

Thymus 22.3% 19.8% 17.0% 13.0% 

Larynx-pharynx 14.2% 13.1% 10.3% 7.4% 

Trach-bronchi 19.6% 18.0% 15.7% 12.6% 

Testes 0.0% 0.0% 0.0% 0.0% 

Eyes 0.7% 0.6% 0.5% 0.3% 

Small intestine 1.9% 2.0% 2.2% 2.5% 

Esophagus 20.8% 18.4% 14.2% 9.8% 

Marrow 2.9% 2.9% 2.8% 2.6% 

Skin 1.9% 1.9% 1.8% 1.8% 

Ovaries 0.1% 0.1% 0.1% 0.1% 

Uterus 0.1% 0.1% 0.1% 0.1% 

Vagina 0.0% 0.0% 0.0% 0.0% 

Mean 8.8% ± 11.2% 8.3% ± 9.9% 7.4% ± 7.8% 6.3% ± 6.0% 
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Table 4: Comparison of organ dose estimation errors utilizing different 

matching strategies with TCM strength equal to 1.0 in abdominopelvic scans. 

 Matching 

with image 

preprocessing 

Matching 

without 

image 

preprocessing 

Matching 

with 

derivative 

profile 

Breasts 3.4% 3.4% 3.5% 

Bones 4.7% 4.7% 4.7% 

Heart 5.4% 5.6% 5.9% 

Kidneys 4.3% 4.6% 4.7% 

Lungs 3.2% 3.3% 3.1% 

Liver 4.3% 4.3% 4.7% 

Gall bladder 7.4% 7.2% 8.5% 

Spleen 5.9% 5.7% 6.1% 

Stomach 6.4% 6.3% 7.0% 

Brain 0.0% 0.0% 0.0% 

Bladder 20.1% 20.0% 20.9% 

Large intestine 9.9% 9.1% 10.7% 

Pancreas 5.1% 5.0% 5.7% 

Prostate 18.9% 19.6% 19.3% 

Adrenals 4.4% 4.1% 4.2% 

Thyroid 1.1% 1.1% 0.9% 

Thymus 1.5% 1.5% 1.4% 

Larynx-pharynx 0.6% 0.6% 0.6% 

Trach-bronchi 2.0% 1.9% 1.9% 

Testes 27.2% 26.9% 26.0% 

Eyes 0.0% 0.0% 0.0% 

Small intestine 10.3% 9.6% 12.0% 

Esophagus 3.1% 3.1% 3.1% 

Marrow 2.3% 2.3% 2.3% 

Skin 1.6% 1.6% 1.6% 

Ovaries 18.2% 19.0% 20.7% 

Uterus 22.5% 24.1% 25.6% 

Vagina 19.1% 21.1% 27.5% 

Mean 7.6% ± 7.7% 7.7% ± 8.0% 8.3% ± 8.6% 
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Table 5: Comparison of organ dose estimation errors utilizing different 

matching strategies with TCM strength equal to 0.75 in chest scans. 

 Matching 

with image 

preprocessing 

Matching 

without 

image 

preprocessing 

Matching 

with 

derivative 

profile 

Breasts 25.3% 24.2% 21.4% 

Bones 6.1% 6.1% 6.1% 

Heart 9.0% 8.8% 14.5% 

Kidneys 3.7% 3.7% 3.7% 

Lungs 14.8% 15.0% 16.5% 

Liver 6.9% 7.0% 7.7% 

Gall bladder 6.3% 6.4% 6.5% 

Spleen 14.4% 14.4% 14.5% 

Stomach 8.7% 9.0% 10.2% 

Brain 0.8% 0.7% 0.8% 

Bladder 0.0% 0.0% 0.0% 

Large intestine 2.2% 2.2% 2.4% 

Pancreas 5.7% 5.7% 6.3% 

Prostate 0.0% 0.0% 0.0% 

Adrenals 6.2% 6.2% 6.5% 

Thyroid 42.2% 41.7% 44.4% 

Thymus 21.2% 23.5% 24.5% 

Larynx-pharynx 12.2% 12.3% 14.1% 

Trach-bronchi 18.3% 19.5% 20.5% 

Testes 0.0% 0.0% 0.0% 

Eyes 0.6% 0.6% 0.6% 

Small intestine 1.9% 1.9% 2.1% 

Esophagus 18.4% 18.9% 19.7% 

Marrow 2.8% 2.8% 2.8% 

Skin 1.8% 1.8% 2.5% 

Ovaries 0.1% 0.1% 0.1% 

Uterus 0.1% 0.1% 0.1% 

Vagina 0.0% 0.0% 0.0% 

Mean 8.2% ± 9.8% 8.3% ± 9.9% 8.9% ± 10.3% 
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3.2.3 Comparison with Manual Matching 

Organ dose estimation errors comparison between matching with image 

preprocessing and manual matching under abdominopelvic and chest protocol with 

different TCM strengths including t-test are shown in Table 6 and Table 7, respectively.  
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Table 6: Comparison of organ dose estimation errors between matching with 

image preprocessing (auto matching) and manual matching under abdominopelvic 

protocol with different TCM strengths. 

 α = 1.0 α = 0.75 α = 0.5 α = 0.25 

Manual Auto Manual Auto Manual Auto Manual Auto 

Breasts 3.2% 3.4% 3.6% 4.0% 4.3% 4.7% 5.0% 5.5% 

Bones 4.9% 4.7% 4.2% 4.1% 3.8% 3.6% 3.6% 3.5% 

Heart 5.4% 5.4% 6.2% 6.1% 7.2% 7.1% 8.1% 7.8% 

Kidneys 5.4% 4.3% 4.7% 4.1% 3.9% 3.7% 3.4% 3.5% 

Lungs 3.1% 3.2% 3.6% 3.7% 4.3% 4.5% 5.5% 5.7% 

Liver 4.0% 4.3% 4.6% 4.8% 5.4% 5.6% 5.8% 5.8% 

Gall bladder 7.1% 7.4% 7.0% 7.6% 7.0% 7.2% 6.7% 6.7% 

Spleen 5.5% 5.9% 5.1% 5.7% 5.5% 5.8% 6.1% 6.2% 

Stomach 6.5% 6.4% 7.6% 7.7% 8.5% 8.7% 8.4% 8.7% 

Bladder 22.1% 20.1% 21.9% 21.4% 18.3% 18.1% 11.9% 12.2% 

Large 

intestine 
9.2% 9.9% 8.4% 9.3% 6.9% 7.7% 4.8% 5.3% 

Pancreas 5.2% 5.1% 6.1% 6.2% 6.5% 6.6% 5.7% 6.0% 

Prostate 18.6% 18.9% 15.2% 15.9% 11.6% 12.2% 7.8% 7.8% 

Adrenals 4.1% 4.4% 4.5% 5.0% 4.8% 5.3% 4.6% 5.0% 

Thyroid 1.1% 1.1% 0.9% 1.0% 0.8% 0.9% 0.8% 0.8% 

Thymus 1.4% 1.5% 1.7% 1.6% 2.1% 2.0% 2.6% 2.6% 

Testes 29.9% 27.2% 25.6% 22.4% 20.7% 17.9% 19.0% 17.8% 

Small 

intestine 
10.0% 10.3% 9.9% 10.2% 8.7% 8.8% 6.0% 6.4% 

Esophagus 3.1% 3.1% 3.6% 3.5% 4.5% 4.3% 5.5% 5.3% 

Marrow 2.4% 2.3% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 

Skin 1.6% 1.6% 1.5% 1.5% 1.5% 1.5% 1.5% 1.4% 

Ovaries 17.0% 18.2% 12.5% 14.7% 8.7% 11.2% 4.8% 6.7% 

Uterus 20.3% 22.5% 15.0% 19.1% 11.0% 15.8% 6.5% 9.5% 

Vagina 22.1% 19.1% 15.7% 14.4% 11.7% 12.1% 8.0% 7.9% 

Mean 8.9%  
± 8.1% 

8.8%  
± 7.7% 

8.0%  
± 6.5% 

8.2%  
± 6.4% 

7.1%  
± 4.9% 

7.4%  
± 4.9% 

6.0%  
± 3.7% 

6.3%  
± 3.6% 

P-value 0.96 0.91 0.83 0.82 
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Table 7: Comparison of organ dose estimation errors between matching with 

image preprocessing (auto matching) and manual matching under chest protocol with 

different TCM strengths. 

 α = 1.0 α = 0.75 α = 0.5 α = 0.25 

Manual Auto Manual Auto Manual Auto Manual Auto 

Breasts 32.3% 21.9% 26.9% 18.9% 19.0% 14.6% 10.9% 9.5% 

Bones 6.8% 6.9% 5.9% 6.0% 4.9% 4.8% 4.3% 4.3% 

Heart 8.3% 8.6% 8.7% 8.9% 9.7% 9.8% 9.2% 9.3% 

Kidneys 3.5% 3.5% 3.8% 3.8% 4.2% 4.3% 4.9% 4.9% 

Lungs 15.9% 13.8% 14.1% 13.0% 11.7% 11.4% 8.8% 9.0% 

Liver 6.8% 6.9% 7.3% 7.3% 8.2% 8.1% 9.3% 9.2% 

Gall bladder 6.1% 5.9% 6.4% 6.3% 7.2% 7.0% 8.2% 7.9% 

Spleen 13.6% 14.1% 14.2% 14.6% 15.4% 15.7% 16.4% 16.7% 

Stomach 8.1% 8.8% 8.9% 9.5% 10.3% 10.9% 11.6% 12.3% 

Brain 0.9% 0.7% 0.8% 0.6% 0.6% 0.5% 0.4% 0.4% 

Bladder 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 

Large 

intestine 
2.2% 2.3% 2.3% 2.3% 2.5% 2.6% 2.7% 2.8% 

Pancreas 5.7% 5.7% 6.1% 6.1% 6.9% 6.9% 7.9% 7.8% 

Prostate 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Adrenals 6.0% 5.7% 6.5% 6.2% 7.5% 7.3% 8.8% 8.5% 

Thyroid 46.9% 48.1% 42.5% 44.9% 32.8% 35.6% 23.7% 25.1% 

Thymus 22.3% 21.9% 19.8% 19.6% 17.0% 16.9% 13.0% 13.1% 

Testes 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Eyes 0.7% 0.6% 0.6% 0.6% 0.5% 0.4% 0.3% 0.3% 

Small 

intestine 
1.9% 1.9% 2.0% 2.0% 2.2% 2.3% 2.5% 2.5% 

Esophagus 20.8% 22.7% 18.4% 20.6% 14.2% 15.6% 9.8% 10.7% 

Marrow 2.9% 2.8% 2.9% 2.7% 2.8% 2.7% 2.6% 2.4% 

Skin 1.9% 1.8% 1.9% 1.7% 1.8% 1.7% 1.8% 1.7% 

Ovaries 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 

Uterus 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 

Vagina 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Mean 8.2%  
± 11.3% 

7.9%  
±10.9% 

7.7%  
± 10.0% 

7.5%  
±10.0% 

6.9%  
± 7.9% 

6.9%  
± 8.1% 

6.0%  
± 6.1% 

6.1%  
± 6.3% 

P-value 0.91 0.95 0.99 0.97 
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Comparisons of organ dose estimation errors between matching with image 

preprocessing and manual matching under abdominopelvic protocol with TCM strength 

of 1.0 and chest protocol with TCM strength of 0.75 are shown in Figure 18 and Figure 

19, respectively. Comparison of different organ dose errors in every patient between 

matching with image preprocessing and manual matching under abdominopelvic 

protocol with TCM strength of 0.5 and chest protocol with TCM strength of 0.25 a are 

shown in Figure 20 and Figure 21, respectively. Two tailed t-tests of datasets acquired by 

manual matching and proposed matching strategy yielded p-values of 0.96 and 0.95 for 

abdominopelvic and chest protocol, respectively, indicating no statistically significant 

difference. 

 

 

Figure 18: Comparison of organ dose estimation errors between matching with 

image preprocessing and manual matching under abdominopelvic protocol with 

TCM strength of 1.0.  
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Figure 19: Comparison of organ dose estimation errors between matching with 

image preprocessing and manual matching under chest protocol with TCM strength 

of 0.75. 
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Figure 20: Comparison of organ dose errors between automatic matching and 

manual matching in abdominopelvic protocol under TCM strength 0.5. x-axis 

represents for dose error of manual matching and y-axis represents for dose error of 

automatic matching. Each point represents organ dose errors of a patient. 
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Figure 21: Comparison of organ dose errors between automatic matching and 

manual matching in chest protocol under TCM strength 0.25. x-axis represents for 

dose error of manual matching and y-axis represents for dose error of automatic 

matching. Each point represents organ dose errors of a patient. 
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4. Discussion 

Rapidly growing use of CT scans has increased concerns about CT radiation dose 

monitoring and optimizing. One possible way to optimize the CT related radiation dose 

is through prospective estimation of organ dose prior to examination. It is possible to 

adjust CT scan settings to lower the radiation dose while maintaining image quality. An 

important step for prospective estimation of organ dose is the matching of patients to 

digital phantoms. Although a previous study1 developed a successful matching strategy 

by matching trunk height in scout images, the matching was performed manually, 

which is time consuming and impractical in clinical situations, and cannot be applied to 

cases where the entire trunk is not available in the scout image. In this study, we 

proposed three different automatic matching strategies and tested their accuracy.  

4.1 Lung Segmentation Efficiency 

In organ dose estimation, organ position in the axial (z) direction is important to 

calculate (CTDIvol)organ, convolution. The purpose of lung segmentation is to truncate the 

image to avoid the body contour dominating the matching results. The lung 

segmentation algorithm works fairly well for different kinds of scout images. The lungs 

could be successfully segmented in 150/164 (91.5%) real patient scout images. Especially 

for scout images where the entire lungs were visible, the lung segmentation accuracy 

was 100% (97/97).  
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4.2 Comparison of Different Matching Strategies 

4.2.1 Organ Position Comparison 

Matching with and without image preprocessing shows similar results with 

regard to organ positioning. The results are slightly better than the result of matching 

with the derivative profile. The indistinguishable difference in organ position 

comparison is probably because of the limited number of cases tested, limited patient 

size variation, and limited XCAT phantom numbers.  

4.2.2 Organ Dose Estimation Comparison 

The average organ dose errors show a increasing trend with increasing TCM 

strength in both abdominopelvic and chest protocols. This is because when TCM 

strength increases, the error introduced by TCM simulation (Equation 6) also increases. 

In the abdominopelvic protocol organ dose estimation, the reason that organs in the 

pelvic region have a relatively high error is that that part of the body is highly 

asymmetrical, whereas the dose profile was obtained in a fixed size cylindrical phantom. 

This will introduce certain errors when representing the dose rate profile in the pelvic 

region. In the chest protocol, the reason that the breast has high error is because it is 

located at the peripheral region, while the dose profile was obtained along the central 

line in a fixed size cylindrical phantom. It is also hard to match the breast to phantoms 

because of its variable shape and position. The reason why the error of the thyroid gland 

is high is because it is located at the border of the scan region. One patient’s thyroid 
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maybe inside the scan region and another’s thyroid may be outside the scan region. This 

can result in large errors in this study. Comparing four matching strategies, the organ 

dose estimation errors are similar in both the abdominopelvic protocol (TCM = 1.0) and 

the chest protocol (TCM = 0.75). A previous study1 has shown that the main source of 

error in organ dose estimation is the organ dose coefficient error (8.7% on average while 

patient matching error is 2.3% on average). Other possible reasons are limited patient 

numbers, limited patient size variation, and limited XCAT phantom numbers.  

4.2.3 Comparison with Manual Matching 

For comparison of each organ dose error in Figure 20 and Figure 21, the slope in 

every graph is close to one which indicates that the difference between matching with 

image preprocessing and manual matching is small. The reason why some of the organs’ 

slopes are exactly one is because these organs were located outside the scan region (e.g. 

brain and eye in abdominopelvic protocol) or their extensions are larger than the scan 

range (e.g. bone, marrow and skin in abdominopelvic protocol) so average CTDIvol were 

used to calculate dose. The two tailed t-test showed that the results of organ dose 

estimation in both the abdominopelvic protocol and the chest protocol under different 

TCM strengths show no significant difference between matching with image 

preprocessing and manual matching. The advantage of matching with image 

preprocessing over manual matching is that it is automatic, which means it requires less 

human intervention and can be done much faster. This indicates that the automatic 



 

51 

matching has the potential to be applied to clinical situations, making automatic 

prospective organ dose estimation possible. 

4.3 Source of Errors 

In prospective organ dose estimation process, there are three main sources of 

errors. First one is the error introduced by matching strategy because image registration 

is mainly matching the organs with high contrast in scout image for instance the lungs 

and the bones. So it is hard to match other organs with relatively low contrast including 

kidneys, liver, spleen etc. Second one is the errors introduced by convolution based dose 

calculation and a previous study1 has shown that this introduces largest error overall in 

the whole process. Also in this study there is evidence showing that this error is larger 

than the matching error.  Because in chest protocol, lungs should be better matched than 

kidneys so their organ dose error should be lower than the organ dose error in kidneys if 

there is only matching error exist. However the organ dose error in kidneys is lower 

than the organ dose error in lungs which means the error introduced by convolution 

based organ dose calculation error is larger than the error introduced by matching. 

Third one is the error introduced by organ position relative to the scan region for 

example the thyroid as mentioned before. The errors introduced by organ position 

relative to the scan region may be highest for several organs for example the thyroid. 

However the error introduced by convolution based organ dose calculation error is 

overall the highest one. 
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4.4 Limitations of Matching Strategies 

Although the proposed matching strategies can realize automatic matching, 

there are still certain limitations. The first limitation is the patient’s posture on the 

imaging table. Because all XCAT scout images were generated under well-aligned, arms 

up and breath-hold conditions, a clinical situation may be different. This variability 

could influence the matching result. The second limitation is the lung segmentation 

efficiency, which only applies to matching with an image preprocessing strategy. 

Although most cases tested could be segmented successfully, the lung segmentation 

could fail if the patient’s posture is different from the standard practice or if the entire 

lung image is not available. The third limitation is the amplification ratio. If the patient is 

not well centered, or the machine has a different bore size, the amplification ratio will be 

different from the one with which the XCAT scout images are generated. This will also 

influence the matching results. 

4.5 Future Work 

There are several possible ways to improve the prospective organ dose 

estimation process. First, the current work only involved AP scout images in the 

matching strategies; the information in lateral scout images was not utilized. In future 

work, lateral scout images could be included along with the AP scout images in the 

matching to provide more information about a patient’s anatomy. Second, since patient 

internal anatomy varies widely with age, gender and body habitus, 58 XCAT phantoms 
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may not be enough to fully represent every patient. One possible way to improve 

matching results is to divide the scout images into superior and inferior parts and match 

them individually, which could be considered as a method to increase the phantom 

database. Third, to improve the organ dose estimation, one potential method would be 

to improve the existing dose rate profile calculation. Currently, the dose rate profile is 

obtained at the central plane in an infinitely long cylindrical CTDI phantom, which 

introduces errors when representing patients with different sizes and organs in the 

peripheral region. To address the size limitation, dose rate profiles simulated with 

different sized CTDI phantoms could be utilized. So instead of using one dose rate 

profile simulated with one sized CTDI phantom, different dose rate profiles could be 

utilized based upon the patient’s water equivalent diameter. To address the problem of 

representing organs in peripheral regions, dose rate profiles at different radii could be 

simulated and could be applied to different organs when estimating the organ dose. 
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5. Conclusion 

A previous study1 proposed a manual matching strategy in prospective organ 

dose estimation. In this study, three automatic patient matching strategies were 

developed.  These strategies were verified with real patient datasets and showed similar 

results to the manual matching strategy proposed previously. These automatic patient 

matching strategies make automatic prospective organ dose estimation possible and are 

applicable to clinical situations. Among the three strategies, matching without image 

preprocessing is more applicable in clinical cases because it shows better results than 

matching with derivative profile, and because in matching with image preprocessing 

strategy, the lung segmentation algorithm cannot work perfectly on every case.  
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