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ABSTRACT 

 

Evaluation of regional cerebral glucose metabolism in patients with 

corticobasal degeneration using F-18 fluorodeoxyglucose positron emission 

tomography 

 

 

 

Jihe Lim 

 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

 

(Directed by Professor Young Hoon Ryu) 

 

 

 

Backgrounds and Objectives: The corticobasal degeneration (CBD) is a 

neurodegenerative disease showing the progressive asymmetric extrapyramidal 

motor deficits, apraxia and cortical sensory loss. The asymmetric fronto-parietal 

cortical and subcortical hypometabolism was demonstrated in the previous F-18 

deoxyglucose positron emission tomography (FDG PET) scan studies. We 

investigated the hypometabolic pattern of Korean CBD patients using 

quantitative FDG PET and voxel based comparison method. Methods: Twelve 

patients with CBD and 16 age-matched controls were included in this study. 
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Quantitative brain FDG PET and magnetic resonance imaging (MRI) scan 

studies were performed simultaneously in all subjects. For better spatial 

normalization of PET image, individual MR image was used for the 

normalization template. Using the group comparison model in the Statistical 

Parametric Mapping 2 (SPM) software, we compared the local glucose 

metabolism between the CBD patients and normal controls. Results: The global 

glucose metabolic activity of the CBD patients was significantly lower than that 

of controls. In SPM analysis, the CBD patients showed significantly decreased 

glucose metabolism in the fronto-parieto-temporal cortices, thalamus and 

caudate nucleus. The contralateral hemisphere to the more affected side showed 

decreased glucose metabolism in much wider fronto-parieto-temporal cortices. 

Conclusions: Quantitative FDG PET analysis showed asymmetric 

fronto-parieto-temporal hypometabolism in patients with CBD and is useful 

method in diagnosing the CBD. 

 

 

 

 

 

──────────────────────────────── 

Key words: corticobasal degeneration, positron emission 

tomography, glucose metabolism 
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I. INTRODUCTION  

The corticobasal degeneration (CBD) is one of the neurodegenerative 

diseases characterized by asymmetric extrapyramidal motor deficits, myoclonus 

and cortical signs including apraxia, cortical sensory loss or alien hand 

phenomenon.
1, 2

 Neuropathologically, swollen achromatic neurons are found in 

the asymmetrically atrophic cerebral cortex and the fronto-parietal cortices are 

most vulnerable regions.
3-5

 In spite of those unique pathological findings and 

clinical characteristics, diagnosis of CBD is still challenging owing to 

overlapping clinical features among other neurodegenerative, parkisonian 

disorders especially in the early stage of the illness. 
6
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 Recent advances in the neuroimaging techniques increased the 

diagnostic accuracy of the parkisonian disorders.
7, 8

 The previous F-18 

deoxyglucose positron-emission tomography (FDG PET) scan studies in CBD 

invariably showed asymmetrical fronto-parietal hypometabolism.
9-16

 and were 

reported to be helpful for discriminating CBD from other disorders. 
10, 15, 16

 And 

those imaging findings clearly matched the neuropathological results. 

There were four FDG PET studies in CBD patients using voxel based 

comparison method. 
11, 12, 15, 16

 However, all four reports compared the local 

FDG uptake values normalized to that of the whole brain or occipital cortex. In 

this study, we investigated the metabolic pattern of the Korean CBD patients 

with voxel based comparison method using quantitative FDG PET and the 

individual magnetic resonance imaging (MRI) as a template for the spatial 

normalization of PET image. 
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II. MATERIAL AND METHODS 

1. Included subjects 

This study included 12 patients with CBD who fulfilled the clinical 

diagnostic criteria of CBD
17

 and 16 age-matched healthy controls. All subjects 

agreed to the invasive study and the written informed consent was obtained. 

2. Imaging procedure 

A. Acquisition of brain PET image 

After overnight fasting and withdrawal of all antiparkinsonian 

medications, FDG PET was performed in a quiet and dimly lit room with the 

subjects’ eyes open. After the injection of 5.18 MBq/kg of FDG into the 

antecubital vein, the radial arterial blood was sampled for 24 times along with 

the predefined time schedule. For the next quantification, the F-18 radioactivity 

curve was obtained by the Wallac 1480 WIZARD
®
 3” gamma counter 

(PerkinElmer, Turku, Finland; sodium iodide detector). Using Allegro PET 

scanner (Philips Medical Systems; gadolinium oxyorthosilicate crystals), PET 

scanning was performed at 45 - 55 minutes after the injection of FDG. After 1.5 

minutes of transmission scan, 17 minutes of emission scan and final 1.5 minutes 

of transmission scan, three-dimensional (3D) PET image was reconstructed by 

3D-RAMLA (3D version of the row action maximum likelihood algorithm). 

B. Acquisition of brain MR image 

 In the same day of the PET scan, the 3D volumetric brain MRI was 

performed using 3D-SPGR (spoiled gradient-recalled) sequence on 3.0 Tesla 
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MR scanner (Signa EXCITE, GE Medical Systems, Milwaukee, WI). We 

obtained 160 slices of axial T1-weighted images with a prep time of 300 msec, 

a minimum of echo time (TE) between 1.6 and 11.0 msec, a flip angle of 20°, a 

matrix of 256 x 256 and a slice thickness of 1 mm. The resulting 3D MR image 

was reformatted parallel to the anterior and posterior commissures (AC-PC) line 

and centered at the midpoint of AC-PC line. Finally, the image was resampled 

with a voxel size of 1 x 1 x 1 mm for the next normalization step. 

C. Preprocessing of PET and MR images   

 To achieve better spatial normalization, the individual MR images 

were used for spatial normalization of FDG PET image. The normalization was 

performed automatically through the PFUS module in the software PMOD 

version 2.75 (PMOD technologies Ltd., Zurich, Switzerland). First, the subject’s 

FDG PET image was coregistered to individual MR image. Using affine 

transformation and 12 non-linear iteration by 7 x 8 x 7 basis function, the MR 

image was transformed to MNI-152 (Montreal Neurological Institute) 

T1-weighted MRI template. During this step, the individual transformation 

matrix was obtained and applied to the coregistered FDG PET image. Finally, 

spatially normalized FDG PET image was obtained. The fitness of normalized 

PET and MR images was verified visually in each normalization step.  

 The parametric PET image was generated by PMOD with 

FDG-autoradiography method (lump constant = 0.437, k1 = 0.102, k2 = 0.130, 

k3 = 0.062, k4 = 0.0068)
18)

. Subsequently, an isotropic Gaussian kernel of 10 
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mm full-width half-maximum (FWHM) was applied to the parametric PET 

image to improve signal-to-noise ratio. Finally, this normalized and smoothed 

parametric PET image was used for the statistical analysis (Fig. 1).  

 

Figure 1. Summary of the preprocessing of images. T1-weighted magnetic 

resonance image and F-18 deoxyglucose positron-emission tomography of brain 

obtained from all corticobasal degeneration (CBD) patients were coregistered 

for better spatial normalization. To compare cerebral glucose metabolism of the 

CBD patients with that of controls, statistical parametric mapping analysis were 

done. 

 

 The global metabolic activity was calculated by the mean glucose metabolism 

of the whole brain template volume of interest overlaid on the individual 

normalized parametric PET image for the comparison between the CBD 

patients and controls. To study the asymmetry of cortical involvement, the PET 

images of the patients with the right side dominant parkinsonism were flipped 

to set the more affected hemisphere to the right side. 
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3. Statistical parametric mapping (SPM) analysis 

 Using the group comparison model in SPM2 (Statistical Parametric 

Mapping; Wellcome Department of Cognitive Neurology, London, UK) 

implemented to MATLAB 7.0 (MathWorks, Natick, MA), we compared the 

cerebral glucose metabolism of the CBD patients with that of controls. The 

voxels with the family wise error (FWE) corrected P value less than 0.001 were 

considered statistically significant. Finally, to find out the individual pattern of 

hypometabolism, the individual patient’s PET image was compared to the 

controls under the significance level of uncorrected P value less than 0.001. 
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III. RESULTS  

1. Characteristics of the subjects 

 Among the 12 patients with CBD, seven patients were males and five 

were females. The mean age of the patients [63.9 ± 5.5 (range: 56 - 76) years] 

was not different from that of controls [61.0 ± 4.0 (range: 54 - 70) years; 

Mann-Whitney test, P = 0.142]. The mean age of onset was 60.8 ± 4.6 (range: 

54 - 69) years and the mean disease duration was 3.1 ± 2.2 (range: 0.5 - 7.0) 

years. Nine patients were taking mean 389mg of levodopa and the other three 

patients had never been treated. 

 All CBD patients showed parkinsonian motor deficits, ideomotor 

apraxia and agraphesthesia. Eight patients presented with bradykinesia and one 

patient with tremor as an initial parkinsonian symptom. Three patients initially 

presented with the mixture of tremor, bradykinesia or rigidity. There was 

asymmetry of parkinsonian features in all 12 patients (right side dominant 

parkinsonism in 6 and left side dominant parkinsonism in 6 patients). 

2. The results of statistical analysis of FDG PET images 

A. Global metabolic activity 

 The mean global metabolic activity of the CBD patients (3.8 ± 0.6 

mg/min/100g) was significantly decreased than that of controls (5.1 ± 0.5 

mg/min/100g; Mann-Whitney test, P < 0.001) (Fig. 2). 
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Figure 2. Scatter diagram of the global metabolic activity of corticobasal 

degeneration (CBD) patients and normal control group. The mean global 

metabolic activity of brain is significantly lower in CBD patients. 

 

B. SPM results of original parametric PET images  

The CBD patients showed widespread hypometabolic cortical and subcortical 

areas (Fig. 3 and 4).  

 

Figure 3. Statistical parametric mapping results of corticobasal degeneration 

patient brain on positron emission tomography with the projection view (left) 

and cross sectional image (right). (FWE corrected P < 0.001, Ke > 50) The color 

bar represents t-value. Increased density and high color bar t-value are 

demonstrated on both fronto-parietal cortical and subcortical areas, representing 

hypometabolism. 
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Figure 4. Three dimension surface rendering image of statistical parametric 

mapping results of corticobasal degeneration (CBD) patient. (FWE corrected P 

< 0.001, Ke > 50) Hypometabolism area of CBD patient’s brain is well 

demonstrated with better spatial resolution. 

 

In the frontal cortex, right superior and inferior [Brodmann’s area (BA) 6, 8 and 

47], left superior, middle, inferior and medial frontal cortices, and left rectus 

gyrus and precentral cortex BA 6, 8, 9, 10 and 11) were involved. In the 

temporo-parietal cortex, right superior and left middle temporal cortices (BA 38 

and 21), left hippocampus, right superior parietal lobule and postcentral cortex 

(BA 7 and 40), left precuneus, supramarginal gyrus, inferior parietal lobule and 

angular gyrus (BA 31, 19, 40 and 39) showed decreased glucose metabolism 

(Table 1). 
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Table 1. Statistical parametric mapping results of original parametric positron 

emission tomography showing the hypometabolic brain areas in corticobasal 

degeneration patients 

 

 

The statistical significance level is FWE corrected P < 0.001. Right (Rt) and left 

(Lt) sides denote the more and less affected hemisphere, respectively. BA = 

Brodmann’s area; x, y, z = Talairach coordinates 
 

In contrast to the involvement of widespread fronto-temporo-parietal cortices, 

the occipital cortex was relatively preserved. Among the subcortical gray matter, 

right thalamus and bilateral caudate nuclei showed significantly decreased 

glucose metabolism. 

 

 BA t-value x y z 

Rt superior frontal 6, 8 11.2 18 37 50 

Rt inferior frontal 47 9.0 26 12 -22 

Lt superior frontal 6 14.1 -10 7 68 

Lt middle frontal 6, 8, 9 10.3 -30 45 36 

Lt inferior frontal 9 9.8 -59 9 22 

Lt medial frontal 6, 10 10.2 -10 -11 48 

Lt rectal 11 7.9 0 51 -24 

Lt precentral 6 11.5 -51 0 46 

Rt superior temporal 38 8.6 34 16 -31 

Lt middle temporal 21 11.7 -65 -45 -11 

Lt hippocampus  7.5 -34 -12 -16 

Rt superior parietal lobule 7 8.1 32 -58 45 

Rt postcentral 40 7.7 61 -17 19 

Lt precuneus 31, 19 7.7 -18 -55 34 

Lt supramarginal 40 7.9 -57 -49 36 

Lt inferior parietal lobule 40 8.7 -42 -62 42 

Lt angular 39 8.9 -53 -63 31 

Rt thalamus  11.1 16 -5 15 

Rt caudate  12.1 10 14 1 

Lt caudate  11.0 -12 16 1 
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C. SPM results of flipped parametric FDG PET images  

 Although the involved cortical and subcortical areas were basically 

similar to the comparison of original parametric PET images, the asymmetry of 

cortical involvement of glucose metabolism was remarkable in the CBD 

patients (Fig. 5 and 6).   

 

Figure 5. Statistical parametric mapping results of corticobasal degeneration 

patient brain on flipped positron emission tomography with the projection view 

(left) and cross sectional image (right). (FWE corrected P < 0.001, Ke > 50) 

Right (R) denotes the contralateral side to the more affected limb. The color bar 

represents t-value. Asymmetry of cortical involvement of glucose metabolism is 

demonstrated on the contralateral side of brain to the more affected limb. 
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Figure 6. Three dimension surface rendering image of statistical parametric 

mapping results of flipped positron emission tomography of corticobasal 

degeneration patient. (FWE corrected P < 0.001, Ke > 50) Asymmetrical 

distribution of hypometabolism area is well demonstrated at the contralateral 

side to the more affected limb. 

 

More affected hemisphere (right side) showed widespread hypometabolic brain 

areas involving the superior, middle and inferior frontal cortices (BA 6, 8, 44 

and 45), the rectal (BA 11) and precentral gyri (BA 6), the superior temporal 

(BA 22) and insula cortex (BA 13), the postcentral gyrus (BA 1), thalamus, and 

caudate nucleus. Less affected hemisphere (left side) also showed similar 

hypometabolic areas involving the superior and middle frontal (BA 6), the 

middle and inferior temporal cortices (BA 21 and 37), the fusiform gyrus (BA 
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20), the inferior parietal cortex (BA 39 and 40), and caudate nucleus (Table 2). 

 

Table 2. Statistical parametric mapping results of flipped positron emission 

tomography showing the asymmetrical hypometabolic brain areas in 

corticobasal degeneration patients 

 BA t-value x y z 

Rt superior frontal 6, 8 14.3 14 1 68 

Rt middle frontal 6, 8 13.01 42 6 49 

Rt inferior frontal 44, 45 14.0 55 22 15 

Rt rectal 11 8.0 2 51 -24 

Rt precentral 6 14.3 57 6 33 

Lt superior frontal 6 12.0 -10 5 70 

Lt middle frontal 6 12.0 -26 19 60 

Rt superior temporal 22 10.7 59 6 -4 

Lt middle temporal 21 9.0 -65 -35 -7 

Lt inferior temporal 37 8.2 -63 -51 -9 

Lt fusiform 20 7.6 -50 -30 -24 

Rt insula 13 10.2 38 2 11 

Rt postcentral 1 11.1 63 -16 25 

Lt inferior parietal 39, 40 8.0 -40 -62 42 

Rt thalamus  10.8 14 -11 13 

Rt caudate  11.3 10 16 -1 

Lt caudate  11.3 -12 14 5 

 

The statistical significance level is FWE corrected P < 0.001. Right (Rt) and left 

(Lt) sides denote the hemisphere contralateral to the more and less affected side, 

respectively. BA = Brodmann’s area; x, y, z = Talairach coordinates 
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IV. DISCUSSION  

Previous FDG PET studies in CBD patients showed hypometabolism in 

the frontal, primary sensory motor, parietal and temporal cortices contralateral 

to the clinically more affected side using the region of interest (ROI) method
10, 

19
 except for two reports which did not showed the hypometabolism of temporal 

cortex.
9, 13

 However, the hypometabolic area contralateral to the clinically less 

affected side was reported to be absent
9
 or confined to the frontal or primary 

motor cortex.
13

 This unique pattern of hypometabolism was replicated in the 

following studies using voxel based comparison method
11, 12, 15, 16

 and the same 

hypometabolic areas were demonstrated even in the early stage of the disease.
11

 

Those hypometabolic fronto-temporo-parietal areas are coincide with the 

atrophic areas shown in the voxel based morphometry study in the CBD 

patients using volumetric MR images
20

 and also coincide with the functional 

areas associated with the apraxia or language dysfunction,
14, 21, 22

 which is well 

known cortical dysfunction in patients with CBD. 
23, 24

 

 Similar to the previous FDG PET scan studies in the CBD patients, the 

present study showed fronto-parieto-temporal cortical hypometabolism. The 

frontal hypometabolism was most prominent and was demonstrated in the most 

of the lateral frontal cortex including the superior, middle and inferior frontal 

cortices. The hypometabolism in the parieto-temporal cortex was less 

widespread than that of the frontal cortex. The contralateral hemisphere to the 

clinically more affected side showed more prominent and widespread cortical 
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hypometabolism than the contralateral hemisphere to the less affected side. This 

implies clear asymmetry of the cortical hypometabolism in the CBD patients. 

Similar to the group comparison statistics, the result of the comparison between 

the PET image of individual patient and that of the controls showed asymmetric 

pattern of cortical involvement in nine CBD patients. However, there was no 

asymmetry in the other three patients (patient 4, 8 and 12 in Fig. 7). This 

symmetrical pattern of cortical involvement was reported in one previous 

report.
25

 Thus, there may be heterogeneity in the hypometabolic pattern in CBD. 

The subcortical gray matter including the basal ganglia and the 

thalamus also show decreased glucose metabolism.
9, 10, 12, 13, 19

 In the present 

study, we found the hypometabolism of the thalamus and the caudate nucleus, 

but not that of the putamen. This discrepancy might be resulted from the 

statistical method (e.g. ROI method vs. SPM analysis) and the relatively high 

significance level adopted in this study. In addition, the hypometabolic region 

involving the insula cortex neighboring the putamen could not be dissected and 

the SPM might miss the significant voxels (Fig. 3 and 5). One interesting 

finding in our study is the bilateral involvement of caudate nucleus. The caudate 

nucleus receives afferent input from widespread frontal cortex including the 

prefrontal and orbitofrontal cortex.
26, 27

 The frontal cortex pathology might 

reduce the afferent input to the caudate and result in the caudate 

hypometabolism. Another explanation is the contribution of the degeneration of 

nigrostriatal dopaminergic input. The caudate and putaminal F-18 dopa uptake 
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contralateral to the more affected side was significantly reduced.
9, 11

 However, 

considering the relatively small proportion of nigrostriatal synapse in the 

striatum,
28, 29

 it is less likely that the degeneration of the nigrostriatal pathway 

resulted in the caudate hypometabolism. 

 

Figure 7. Three dimension surface rendering image of statistical parametric 

mapping results of individual patients. Asymmetric hypometabolic brain areas 

are demonstrated in the corticobasal degeneration patients. (uncorrected P < 

0.001, Ke > 50) Clinically more affected sides of the individual patient are as 

follows; left side dominant = 1, 3, 5, 6, 7 and 10; right side dominant = 2, 4, 8, 9, 

11 and 12. 
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 Except for one FDG PET study
15 

showing the parieto-occipital 

hypometabolism rather than the frontal hypometabolism, the glucose 

metabolism of occipital cortex is relatively preserved in CBD in spite of the 

widespread cortical involvement
9-13, 16, 19

 and this finding was confirmed in the 

present study. Neuropathological studies also reported the preservation of 

occipital cortex in CBD.
3, 4

 This pattern will help to make a differential 

diagnosis among other Parkisonian disorders such as dementia with Lewy 

bodies as well as Parkinson’s disease. 
30

 

 In the neuropathological reports, the cerebellar dentate nucleus shows 

degeneration, but not the cerebellar cortex.
3, 4

 The present study as well as all 

the previous FDG PET studies reported that the cerebellar cortex did not show 

hypometabolism. The preservation of the glucose metabolism in the cerebellar 

cortex will discriminate the CBD from multiple systemic atrophy, another 

frequent misdiagnosed entity among Parkisonian disease.
7
 

 There are some limitations in our study. Although the specificity of the 

clinical diagnostic criteria of CBD may reach up to 99%,
6
  we did not follow 

up the patients and did not observe the deteriorating clinical manifestation. Thus, 

there still remains the possibility of the contamination in the included patients 

with the other parkinsonian syndromes. On the contrary to the high specificity, 

the sensitivity of the clinical diagnostic criteria of CBD was reported to be as 

low as 30%.
6
 This low sensitivity means that there are many patients showing 

atypical clinical features, which will make the clinician to misdiagnose. Another 
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problem associated with this low sensitivity is that we can see only the 

characteristic pattern of glucose metabolism of the clinically diagnosed CBD 

patients and miss the atypical pattern. Therefore, the confirmation of the initial 

clinical diagnosis by the longitudinal follow up of the suspicious CBD patients 

will be necessary to catch the atypical CBD patients. 

 We adopted the novel spatial normalization method using the 

individual MR image as a template for the normalization of PET images. With 

this procedure, we could minimize the spatial error occurring in the 

normalization of PET image with severe hypometabolic brain areas and find the 

hypometabolic brain areas more accurately. However, the partial volume effect 

of atrophic gray matter is known to affect profoundly the regional metabolism 

measured by FDG PET
31 

and the partial volume effect could not be corrected 

with our technique. There might be a possibility that the actual hypometabolic 

brain areas would be smaller than the observed areas. Therefore, more accurate 

technique that can correct the partial volume effect will be necessary in the 

future study. 
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V. CONCLUSION  

The asymmetric fronto-parieto-temporal hypometabolism in the 

quantitative FDG PET scan study was demonstrated in the patients with CBD. 

This pattern of hypometabolism in the FDG PET scan study will be helpful for 

the diagnosis of CBD. 
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ABSTRACT (IN KOREAN) 

F-18 플루디옥시글루코즈 양전자방출단층촬영기를 이용한 

피질기저핵변성 환자 군에서의 국소적 뇌 포도당 대사의 평가 

 

<지도교수 유영훈> 

 

연세대학교 대학원 의학과 

 

임 지 혜 

 

 

 

배경 및 목적: 피질기저핵변성은 진행하는 비대칭적 추체외로 

운동 마비, 실행증 그리고 피질 감각 손실 등의 임상 증상을 

보이는 퇴행성 신경질환이다. 이전 F-18 플루디옥시글루코즈 

양전자방출단층촬영을 이용한 연구들에서 피질기저핵변성 환자 

군의 비대칭적 전두엽, 두정엽 피질, 피질하층의 대사기능 

저하가 보고되었다. 이번 연구에선 한국 피질기저핵변성 

환자들을 대상으로 대뇌의 대사저하 정도를 F-18 

플루디옥시글루코즈 양전자방출단층촬영과 개인의 

자기공명영상을 이용하여 복셀 단위의 양적 분석을 하고자 한다. 

방법: 열두 명의 피질기저핵변성 환자와 비슷한 연령대의 

대조군을 대상으로 뇌 플루디옥시글루코즈 

양전자방출단층촬영과 자기공명영상을 각각 시행하였다. 

매개변수 지도화법 2 를 이용하여 환자군과 대조군의 국소적 

뇌 포도당 대사 차이를 비교하였다. 결과: 대조군에 비하여 

피질기저핵변성 환자들에서 전반적인 뇌의 대사기능이 유의하게 

저하돼있었다. 매개변수지도화법 분석에서 피질기저핵변성 

환자군은 뇌 전두엽, 두정엽, 측두엽 피질, 시상 그리고 

미상핵에서 의미 있는 포도당 대사 감소를 보였다. 몸 좌우 중 

임상 증상이 있는 반대쪽의 뇌의 전두-두정-측두엽 피질에서 
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훨씬 광범위한 대사 저하가 관찰되었다. 결론: 플루디옥시 

글루코즈 양전자방출단층촬영의 양적 분석은 피질기저핵변성 

환자에서 임상증상이 있는 몸의 반대쪽 뇌의 

전두-두정-측두엽에서 비대칭적인 대사기능저하를 의미 있게 

나타내었고 이는 피질기저핵변성을 진단하는데 유용한 방법이 

될 수 있음을 시사한다. 
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