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 A B S T R A C T

Background: Spatial normalization is a critical preprocessing step in PET imaging. While MR-driven normal-
ization represents the gold standard, MR-free approaches offer an alternative that may enhance accessibility.
Purpose: This study aims to evaluate the performance of MR-free normalization compared to MR-driven 
normalization across three PET modalities (18F-FDG, early-phase amyloid, and late amyloid PET), examinating 
regional agreement.
Methods: 56 patients with dementia performing MR and the three PET modalities were retrospectively enrolled 
in the study. Three different spatial normalization methods were performed: MR-driven and two MR-free (15O-
H2O template and site-specific PET template). The agreement among different methods was pair-wise compared 
using intraclass correlation coefficients (ICCs).
Results: MR-free normalization showed strong agreement with MR-driven methods for FDG and early amyloid 
PET, with ICCs > 0.99 in cortical regions. The spatial normalization with early-phase amyloid site-specific 
template had a median ICC of 0.927, confirming its agreement with MR-driven approach. The performance 
was slightly lower with late amyloid-derived templates (ICC = 0.822) compared to the 15O-H2O template. The 
worst reproducibility was observed in cerebellar and thalamic sub-regions, though aggregating sub-ROIs in 
parent regions brought to strong ICCs (> 0.920).
Conclusion: MR-free normalization is a viable alternative to MR-driven approaches, particularly for FDG and 
early amyloid PET. In addition, the results confirm the similarity of early amyloid and FDG tracers distributions.
1. Introduction

Dementia is a syndrome characterized by a significant cognitive 
decline, commonly linked to neurodegenerative disorders, with Alzhe-
imer’s disease (AD) being the most prevalent form [1]. Despite their 
heterogeneity, all dementias share key pathological mechanisms, such 
as abnormal protein accumulations and metabolic alterations that 
impair neuronal function [2]. Positron emission tomography (PET) 
is essential for diagnosing and studying dementia, allowing in vivo 
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observation of neurodegenerative processes [3]. Among these, 18F-
fluorodeoxyglucose PET (18F-FDG PET) is widely used to detect re-
duced glucose metabolism, a marker of neurodegeneration [4]. Ad-
ditionally, amyloid PET imaging enables in vivo detection of beta-
amyloid (A𝛽) plaques, a hallmark of AD [5]. The use of 18F-labeled 
amyloid tracers, such as 18F-florbetapir, 18F-florbetaben, and 18F-
flutemetamol, provides a valuable tool for visualizing and quantifying 
amyloid burden in the brain [6].

Dual-phase amyloid PET has emerged as a new acquisition modal-
ity, capturing early-phase images after tracer injection reflecting cere-
bral perfusion, alongside standard late-phase scans for amyloid plaque
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detection. This approach may assess both amyloidosis and neurodegen-
eration in a single scan. Early-phase amyloid PET images have shown 
strong similarities with FDG PET images, demonstrating their potential 
as markers of neuronal damage [7].

A crucial aspect of quantitative PET image analysis is spatial nor-
malization, that transforms individual PET images into a standard 
anatomical space. It is important for accurate regional or voxel-based 
quantification, enabling comparisons between subjects and the applica-
tion of Region of Interest (ROI) atlases or voxel-based analysis.

Over the last 20 years, several approaches have been proposed for 
regional quantification of PET in brain images. They can be broadly 
classified into MR-driven approaches [8–11] and MR-free [12–14]. 
Among these, the theoretical superiority of MR-driven approaches is 
intuitively understandable, due to the high spatial resolution and soft 
tissue contrast of MR compared to PET. MR-based spatial normalization 
typically relies on an individual MR image and an MR template for 
automatic ROI and voxel-based analysis. However, MR imaging may be 
not always available. Therefore, assessing the feasibility of standalone 
PET/CT approaches becomes essential, particularly for individuals with 
neurological diseases. Several studies have explored PET template-
based spatial normalization generated by averaging spatially aligned 
images [15]. These templates can be tracer-specific, derived from im-
ages of the same tracer, or population-specific, designed to account for 
variations in brain morphology in a specific patient cohorts [15].

A commonly used reference perfusion based template is the stan-
dard oxygen-15-labeled water (15O − H2O)template provided by SPM 
[16]. Depending on the tracer, such as [18F]-FDG, regional tracer up-
take may not match the blood flow-based signal pattern of the 15O−H2O
template. This misalignment can interfere with accurate normalization, 
as the individual’s FDG brain features may not align with the template. 
To address this, Della Rosa et al. [17] proposed a site-specific FDG 
template tailored for dementia populations, accounting for the unique 
brain activity patterns observed in these patients. Spatial normaliza-
tion of PET amyloid images using the PET-template approach is more 
critical as these images have limited anatomical information and the 
regional amyloid PET radioactive concentration is different between 
amyloid negative and positive subjects. The use of PET template created 
from early perfusion-related images has been proposed as an alternative 
approach and tested in few AD patients and controls [18].

The present study aims to systematically compare for the first time 
MR-driven versus MR-free spatial normalization techniques on regional 
uptake values in a cohort of dementia patients, using three different 
PET imaging modalities: 18F-flutemetamol amyloid PET, early-phase 
amyloid PET (eFMM), and 18F-FDG PET. To achieve this, for each 
PET modality, three different templates were generated: one driven by 
MR and two MR-free. Pairwise comparisons between the MR-driven 
template and the two MR-free templates were conducted to evaluate 
the feasibility and reliability of PET quantification in the absence of 
structural MRI data.

2. Material and methods

2.1. Study sample and imaging acquisition protocol

A group of 56 dementia patients (25 females, average age 65.19 
±7.93; 31 males, average age 67 ±7.70) participated in this study, 
approved by the local ethics committee. All participants gave written 
informed consent. Each patient underwent MRI examinations along 
with FDG and amyloid PET/CT scans. Analysis of amyloid uptake 
revealed that 30 patients tested positive (Amyloid +), while 26 tested 
negative (Amyloid -). The acquisition parameters relating to the images 
used in this work will be specified in detail below. Amyloid-PET 
acquisition was performed 60–480 s (early amyloid) and 90-110 min 
(late amyloid) after intravenous injection of [18F]flutemetamol (dose 
range: 180–190 MBq). FDG-PET acquisition was performed 40-50 min 
after intravenous injection of [18F]-FDG (dose range: 200–250 MBq). 
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All PET images were acquired in a GE Discovery PET/CT 710 scan-
ner in 3D scanning mode, including 47 slices of 3.3-mm thickness. 
Images reconstructed using 3D iterative ordered-subset expectation 
maximization (OSEM) using attenuation-weighted iterative reconstruc-
tion (7 iterations, 36 subsets). 3D T1-weighted were acquired on a 3T 
scanner (Philips Achieva dStream or Siemens Biograph mMR) follow-
ing a harmonized protocol (1 mm isotropic resolution; TE=3.73 ms; 
TR=8.18 ms; FA=8◦; FOV=240 × 240x180 mm).

To ensure clarity, amyloid PET data will henceforth be referred to 
as "Amyloid’’, early-phase amyloid PET data as "Early Amyloid’’, and 
FDG PET data as "FDG’’.

2.2. Template generation

A robust template creation process is essential to perform spatial 
normalization in PET imaging [15]. Technically, spatial normalization 
is a registration procedure between an individual image and a template. 
This process involves constructing a representative anatomical template 
that reflects the typical brain structure and functional regions in a 
specific population.

In this study, following the approach proposed by Gispert et al. [19], 
three spatial normalization were performed for each PET modality. In 
particular, the following methods were used:

1. MR-driven normalization
2. Site-specific PET template
3. Standard PET template

2.2.1. MR-driven normalization
The normalization process, driven by the MRI, was used to trans-

form the PET images from their native space to the common MNI 
(Montreal Neurological Institute) [20] space. The steps of the registra-
tion procedure are outlined in Part A of Fig.  1. First, T1-weighted MRI 
(T1-w) was registered on the MNI template with a multistep process 
that involved rigid, affine and nonlinear transformations, performed by 
ANTs (Advanced Normalization Tools) [21]. The rigid-body transfor-
mation was applied with a gradient step size of 0.05 to align the two 
images using the Mattes mutual information (MI) metric [22]. An affine 
transformation was then performed with a gradient step size of 0.08, 
using the same Mattes mutual information metric as in the rigid stage. 
Finally, a non-linear transformation using the Symmetric Normalization 
(SyN) algorithm [23] was applied with a step size of 0.1 using the 
cross-correlation (CC) [24] as a metric for the optimization.

Subsequently, the CT image was aligned with the T1-w MRI using 
a rigid body (linear) transformation with Mattes mutual information 
(MI) as a metric. By applying the transformation parameters resulting 
from CT-to-T1 registration, the PET image – already co-registered with 
CT – was subsequently registered on T1 w. Then using the parameters 
obtained from T1-w to MNI template normalization, PET images were 
normalized to the MNI template.

2.2.2. Site-specific PET template
Using the PET images normalized to MNI space from the MR-driven 

procedure described before, a site-specific template can be generated 
by averaging these normalized PET images from all of the subjects 
involved in the study. This template can be used to normalize PET 
images of additional subjects, serving as a reference for future analyses.

2.2.3. Standard PET template
The last approach is tailored to specific radiotracers, allowing dif-

ferentiation between early amyloid, FDG, and amyloid imaging. For 
the first two, the standard reference is the oxygen-15-labeled water 
(15O−H2O)template provided by SPM [16]. This template was created 
by averaging 12 PET scans of subjects in normal resting conditions 
with their eyes closed. In this study, the normalization process was 
performed using a non-linear transformation with ANTs, similar to the 
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Fig. 1. Workflow Diagrams. (A) MR-Driven Template: Workflow for T1-w MRI registration to MNI Template, followed by PET normalization taking advantage 
of the natively co-registered CT. (B) Standard Template: For amyloid PET normalization, a co-registration between early and late phases is performed using CT 
as an intermediary.
MR-driven normalization described earlier, but in this case, the mutual 
information (MI) metric was used for all three transformation steps. 
A slightly different approach must be considered for amyloid imaging, 
as the nature of the tracer and the imaging target differ from perfusion 
tracers. In amyloid imaging, the PET tracer binds to amyloid plaques in 
the brain, resulting in a distinct spatial distribution compared to tracers 
3 
that measure blood flow or metabolism. In this context, the method 
proposed by Ing-Tsung Hsiao et al. [18] involved registering the early 
phase of amyloid imaging with the amyloid phase.

In this paper, an additional step was introduced, involving a prior 
co-registration between the early and standard phases of amyloid imag-
ing using the CT image as an intermediary. This process is summarized 
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Fig. 2. Axial views of six brain templates and atlases used in the study. First row shows AAL3 Atlas used for brain region parcellation, the standard MNI and 
15O − H2O template. Second row shows the site-specific templates created in the study for each of the three modalities considered.
in Part B of Fig.  1. In Fig.  2 an axial view of the Site-specific templates 
created is provided.

Following the same schema, an additional normalization strategy 
was performed for FDG images using the template proposed by Della 
Rosa et al. [17]. This template was created as an alternative to the 
15O − H2O template for patients with dementia, making it comparable 
to a site-specific template. To create it, a total of 120 FDG PET images 
were used, comprising 60 from healthy subjects and 60 from patients 
with dementia. The 15O − H2O template was considered in our main 
analysis as its use provided a consistent reference point, facilitating 
coherence and reliability in comparative evaluations.

3. Statistical analysis

To assess the differences among various normalization strategies, 
regional uptake values were compared across all regions of interest 
(ROIs) defined in Automated Anatomical Labeling Atlas (AAL3) [25]. 
This analysis ensures a consistent interpretation of PET imaging results.

The evaluation process was summarized in algorithm 1.
The leave-one-out procedure was adopted to validate the site-

specific template. In this way, the arrival of a new subject was simu-
lated. This approach involves excluding one subject at a time from the 
dataset and using the remaining data to construct the template. The 
excluded subject is then used for testing to evaluate the effectiveness 
of the template, simulating the introduction of a new subject.

The consistency of the regional uptake values across the three 
template strategies were evaluated using the two-way mixed-effects 
Intraclass Correlation Coefficient (ICC) [26], ICC(3,1) [27] defined this 
way: 

𝐼𝐶𝐶(3, 1) =
𝑀𝑆𝑟 −𝑀𝑆𝑒

𝑀𝑆𝑟 + (𝑘 − 1)𝑀𝑆𝑒
(1)

Where:

• 𝑀𝑆𝑟: Mean Square for rows (i.e, between scanner measurements)
• 𝑀𝑆𝑒: Mean Square for error
• 𝑘: The number of measurements.
4 
Algorithm 1 Evaluation Procedure
Phase 1 – Normalization
procedure Normalization Procedure
 for each subject  𝑗 ∈ [1, 𝑁]  do 
 MR-driven Normalization 
 Standard Normalization
 procedure Leove One Out Template Creation 
 𝑇𝑗 =

1
𝑁−1

∑𝑁
𝑖=1
𝑗≠𝑖

𝑃𝐸𝑇𝑚𝑛𝑖𝑖

 Normalize jth subject using 𝑇𝑗
 end procedure
 end for
end procedure
Phase 2 – Uptake Evaluation
for each normalization modality  𝑛 ∈ [𝑀𝑅 − 𝑑𝑟𝑖𝑣𝑒𝑛, 𝑆𝑖𝑡𝑒 −
𝑆𝑝𝑒𝑐𝑖𝑓 𝑖𝑐, 𝑇 𝑟𝑎𝑐𝑘𝑒𝑟 − 𝑆𝑝𝑒𝑐𝑖𝑓 𝑖𝑐] do
 for each subject  𝑗 ∈ [1, 𝑁]  do
 Calculate regional uptake
 end for
 Aggregate uptake results
end for

This model was chosen because it measures the reliability of mea-
surements across different raters or conditions, in this case, the three 
template strategies. ICC values were calculated for each ROI and each 
modality (Amyloid, Early amyloid, FDG) to evaluate the level of agree-
ment between the different template strategies. Particular attention 
was given to the consistency between the templates generated with 
and without MRI guidance. A higher ICC (𝐼𝐶𝐶 > 0.75) value indi-
cates stronger agreement, suggesting that different templates produce 
consistent regional uptake values.

To account for the trend in pair-wise comparisons, the median of 
the Intraclass Correlation Coefficient (ICC) was calculated. The median 
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Fig. 3. Intraclass correlation coefficient (ICC) maps comparing the MR-driven, standard, and site-specific templates for three PET tracers: Amyloid, Early Amyloid, 
and FDG. The first column in each row shows the comparison between the standard and MR-driven templates, while the second column shows the comparison 
between site-specific and MR-driven templates. Higher ICC values (indicated by warmer colors) represent higher agreement, while lower values (cooler colors) 
represent more variability across the templates.
was chosen as the measure of central tendency due to its robustness 
against outliers.

All the statistical analyses were conducted using statsmodels [28], 
scipy [29] and PyReliMRI [30] Python libraries.

4. Results

The consistency of 166 ROIs was assessed using the ICC to evaluate 
the reliability of three template strategy generations. Specifically, the 
effectiveness of two approaches that do not use MRI (Site-specific 
and Standard templates) against the MR-driven approach, across three 
imaging modalities: amyloid, early amyloid and FDG was compared.

The ICC analysis results for each modality are presented in Fig.  3, 
providing a visual representation of the assessment for each ROI from 
the AAL3 Atlas. In particular, for: 

• Amyloid PET
– Standard template vs MR-driven: The median ICC was 
0.822 (0.895–0.759), suggesting overall good agreement, 
though with notable variability in several regions. The ICC 
was highest in the Precuneus-L region (ICC = 0.975, ROI 
71), indicating excellent agreement between the standard 
template and MR-driven methods. On the other hand, the 
lowest ICC value was observed in the Cerebellum-10-R re-
gion (ICC = 0.170, ROI 112), indicating poor agreement in 
this region.

– Site-specific vs MR-driven: For the site-specific template, 
the median ICC value observed was 0.924(0.953–0.860), 
5 
with the highest in the Calcarine-L region (ICC = 0.990, 
ROI 47), demonstrating excellent agreement. However, the 
Thal-Re-L region (ICC = 0.445, ROI 133) showed the lowest 
value.

• Early Amyloid PET
– Standard template vs MR-driven: The median ICC value 
was 0.919 (0.955–0.847), suggesting good overall agree-
ment across most regions. The highest ICC value was ob-
served in the Temporal-Inf-R region (ICC = 0.980, ROI 94), 
however, the lowest ICC was found in the Thal-AV-R region 
(ICC = 0.493, ROI 122), reflecting moderate variability.

– Site-specific vs MR-driven: The median ICC for this com-
parison was 0.927 (0.957–0.864), indicating good agree-
ment between site-specific and MR-driven methods. Again 
the Temporal-Inf-R region had the highest ICC in the early 
amyloid modality (with the same value of ICC). Conversely, 
the Thal-LP-L region (ICC = 0.226, ROI 123) had the lowest 
ICC, showing significant variability.

• FDG PET

– Standard template vs MR-driven: The median ICC value 
for the standard template comparison was 0.945 (0.972–0.8
99), reflecting generally strong agreement across regions. 
The highest ICC value was observed in the Insula-L region 
(ICC = 0.993, ROI 33), showing a high level of agreement. 
The lowest ICC was in the Thal-AV-R region (ICC = 0.641, 
ROI 122), indicating moderate agreement in this parcel.
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– Site-specific vs MR-driven: The median ICC for this com-
parison was 0.948 (0.971–0.907), indicating strong agree-
ment between site-specific and MR-driven methods. The 
Temporal-Inf-R region (ICC = 0.992, ROI 94) had the high-
est ICC value, while the lowest value was observed in the 
Thal-AV-L region (ICC = 0.407, ROI 121). For FDG, this 
analysis was performed also using the dementia-specific 
template proposed by Della Rosa et al. [17]. The results, 
shown in Figure 4 in the supplementary material, indicate 
a high agreement across all methods, particularly with the 
site-specific template.

5. Discussion

The present study investigated the differences between MR-driven 
and MR-free spatial normalization among three PET modalities.

This is especially critical given the increasing demand for diagnostic 
imaging for monitoring new treatments for Alzheimer’s disease. In this 
context, this work is particularly relevant, as they recently validated 
a processing pipeline using only amyloid PET images to apply the 
Centiloid scale, explicitly to relieve the burden on conventional PET/CT 
systems [31].

To ensure a comprehensive comparison, three different templates 
were generated for each PET modality, one based on MR-driven nor-
malization and two derived from MR-free approaches comparing them 
pairwise.

An excellent agreement with MR-free normalization for FDG modal-
ity in cortical regions was revealed, with ICCs exceeding 0.99 in areas 
such as the insula, inferior temporal lobe, and precuneus, and ICCs 
above 0.90 in other cortical regions. These results indicate that MR-
free normalization is highly comparable to MR-driven in regions with 
elevated metabolic activity. These findings are consistent with the work 
of Li et al. [32], that achieved a strong correlations when comparing 
uptake values from manually defined ROIs (eight cortical regions and 
two subcortical regions) with r = 0.85–0.98.

Similarly, in this study an excellent agreement with MR-free nor-
malization early amyloid template was founded, resulting in median 
ICC value of 0.927 (0.957–0.864). These findings further support the 
excellent performance of the MR-free spatial normalization approach 
using early-phase PET amyloid template, in line with previous report 
and extending to more regions [18].

Notably the current study provides novel evidence of similar re-
liability of spatial normalization behavior of early amyloid PET and 
FDG-PET templates. These findings reinforce the strong association 
between FDG-PET and early amyloid [7] including 18F-Flutemetamol 
images [33–35] and also support recent advancements in deep learning 
approaches for generating FDG-PET images from early-phase amyloid 
PET data, such as those proposed by Sanaat et al. [36].

Significant similarities between early amyloid and FDG modalities 
were observed in terms of regional agreement between MR-free and 
MR-driven normalization. Both modalities demonstrated strong consis-
tency (ICC > 0.9) in regions such as the Precuneus, Frontal-Sup, and 
Temporal-Inf, suggesting that these areas remain stable and reliable for 
regional uptake estimation across different normalization approaches.

Slightly lower agreement was generally observed in comparisons 
using amyloid-derived templates with ICC median of 0.822 (0.895 
- 0–759) in the comparison with the 15O − H2O template. This is 
consistent with the findings of Hsiao et al. [18], who reported that 
early-phase amyloid PET, which exhibits a perfusion-like pattern, pro-
vides more reliable and consistent spatial normalization compared 
to ligand-related late-phase templates. This is particularly crucial for 
amyloid radiotracers that show heterogeneous radioligand distribution 
in the cerebral cortex and the white matter depending on amyloid 
status. The results could suggest that early-phase amyloid PET is better 
suited for spatial normalization due to its lower inter-subject variabil-
ity and improved anatomical correspondence. Nevertheless, perfusion 
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dementia-related patterns might result in possible bias of the early 
amyloid template. The use, in this research, of a mixed population 
that includes various dementia subtypes, encompasses this potential 
limitation and improves the reliability of the late amyloid template by 
incorporating a greater degree of variance within a single group. As a 
consequence, the findings become more generalizable in a cohort typ-
ical for PET imaging, ensuring these conclusions hold across different 
pathological conditions and disease stages.

In this work, cerebellar and thalamic sub-regions, exhibited the 
greatest variability between different normalization approaches with 
(ICC <0.75). This might be related to the relatively small size of ROIs 
included in the AAL3 atlas with respect to PET spatial resolution. 
It enabled a more detailed regional analysis and therefore allowed 
to highlight the limitations of spatial normalization in smaller brain 
structures, where the task is more challenging. To investigate this, an 
additional analysis on whole cerebellum and whole thalamus structures 
was conducted, by aggregating all respective sub-regional ROIs. This 
resulted in increased agreement among all the normalization modalities 
with minimal ICC value of 0.920.

The proposed approach highlights the methodological robustness of 
the normalization strategies. By implementing a leave-one-out cross-
validation scheme, the method ensures that each subject is excluded 
from the template building process, thereby preventing bias. The strong 
ICC values observed across a broad range of cortical and subcortical 
regions, including structures with inherently lower anatomical contrast 
such as the thalamus and cerebellum, underscore the reliability of 
the MR-free methods. Furthermore, the improved agreement achieved 
through the aggregation of smaller sub-regions suggests that the ap-
proach remains effective even in structurally complex or low-contrast 
areas.

A possible limitation of this study could be the use of a 15O −
H2O template as the standard PET distribution reference for FDG 
spatial normalization procedures, which may not optimally represent 
the average distribution across these analyzed PET modalities [19]. To 
address this point, an additional spatial normalization analysis of FDG 
images was performed on FDG images using the FDG dementia-specific 
template proposed by Della Rosa et al. [17]. The results demonstrated 
a high agreement with the site-specific template generated in this 
study, with median ICC of 0.982(0.988–0.975), which was expected 
considering the similarity between the populations used to construct 
both templates. Interestingly, a strong agreement was also found in the 
comparison of Della Rosa FDG templates with 15O − H2O templates, 
with a median ICC of 0.969 (0.981–0.947). Moreover, for amyloid 
imaging, a key adjustment was introduced to mitigate the limitations 
of the 15O−H2O template. Specifically, a prior co-registration step was 
implemented between the early and standard phases of amyloid PET, 
using the CT image as an intermediary.

There are other intrinsic limitations that should be acknowledged. 
One lies in its moderate sample size, which was constrained by the strict 
inclusion criteria. Although this sample size may limit the generalizabil-
ity of the findings, consistently high ICC values were observed across 
tracers and anatomical regions, indicating strong internal consistency. 
To further mitigate the effects of sample size limitations, a leave-one-
out cross-validation procedure was employed during the site-specific 
template generation. This strategy enabled the assessment of each 
individual using a template derived from the remaining cohort, thereby 
simulating the inclusion of previously unseen cases and enhancing the 
methodological rigor of the analysis. Another limitation is the use of 
MR data acquired from two different 3T scanners. Although the acqui-
sition protocol was harmonized, scanner-related variability might have 
introduced additional variance in MR-driven normalization, potentially 
affecting the generalizability of the results. However, it was not possible 
to specifically assess the effects of scanner variability, as the distri-
bution of patients between the two scanners was highly unbalanced, 
preventing a statistically meaningful comparison. In this context, the 
work of Wagatsuma et al. [37] frames our limitations within the 



F. Grassi et al.

 

Physica Medica 138 (2025) 105182 
broader challenge of PET harmonization. Their development of a novel 
phantom emphasizes the need for ground-truth references to assess 
processing accuracy and highlights the importance of tracer-specific 
tools for reliable quantification.

5.1. Conclusion

In conclusion, this study primarily focused on assessing, with spatial 
normalization approaches, the feasibility of MR-free versus MR-driven 
approaches. The results further demonstrated the strong agreement 
among these methods for FDG, early and late amyloid PET templates. 
Moreover, this study supports the preferential use of early amyloid 
template for spatial normalization of late amyloid images and highlight 
its similarity with FDG template.
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