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Introduction: 
The neural mechanisms for reward valuation and value-guided decision-making are central areas of investigation in cognitive neuroscience and 
neuroeconomics. The orbitofrontal and ventromedial prefrontal cortex, amygdala, and ventral striatum are key structures of the brain’s valuation and 
choice systems [1, 2]. Functional MRI is often the tool of choice to probe the functions of these brain systems in the human brain. However, the 
possibility of using high-field MRI at 7T to study human valuation and choice process has been little explored. While high-field MRI inherently offers 
the advantages of a higher signal-to-noise ratio and enhanced soft tissue as well as BOLD contrasts compared to 1.5T or even 3T, it may also lead 
to increased image distortion and signal dropout in artifact-prone brain areas that are in proximity to the air-filled sinuses, such as the orbitofrontal 
cortex and ventromedial prefrontal cortex. In this study we used a whole-body 7T scanner for fMRI to investigate the neural correlates of subjective 
reward value and decision variables while human subjects performed a food evaluation task. To address potential constrains of the high field 
strength, a modified fMRI-sequence was used with an adapted slice orientation to optimize signal detection. 
Materials and Methods: 
The investigation was performed on a 7-Tesla whole-body MRI system (Magnetom 7T, Siemens Healthcare, Erlangen, Germany) equipped with a 
custom built 8-channel transmit / receive head coil [3]. The fMRI images were achieved with an optimized 7T multi-echo EPI sequence (scan time: 
23:28 min, TR/TE: 2000/22 ms, flip angle: 76°, 52 coronal slices, Grappa R=2) [4]. Eleven healthy volunteers (6 male, 5 female, mean age 25) 
participated in this study. Written informed consent was obtained prior to the examination and the examination was approved by the local ethics 
committee. All participants were asked not to eat for three hours before the start of the experiment so that they were mildly hungry. The participants 
performed 120 trials of a food evaluation task and 120 trials of a binary food choice task. During the evaluation task a visual cue of a food object 
(from a set of 10 different foods used in the present investigation) was presented and subjects were asked to rate subjective taste pleasantness, 
unhealthiness, and attractiveness. During the choice task, two food items were presented separated by a delay and participants were asked to 
choose one of the items based on their preference, and then to rate the confidence in their decision. During both tasks, the food stimuli were 
accompanied either by a label that emphasized the hedonic properties of the food, by a label that emphasized health-related properties, by both 
types of labels simultaneously, or by no label at all. Afterwards the data were analyzed with SPM5. General linear models were applied to the time 
course of activation where stimulus onsets were modeled as single impulse response functions and convolved with the hemodynamic response 
function. Subjective ratings were used as parametric modulators in the same model. We did not orthogonalize the values of the parametric 
modulators with respect to each other. Using this conservative analysis approach, we removed any variance components that were shared between 
the rating regressors (e.g. taste pleasantness and attractiveness) to ensure that any effects found were attributable to the unique variance 
components of each regressor. Linear contrasts of parameter estimates were defined to test specific effects. The resulting statistical maps were 
entered into second-level, random-effects group analyses. Statistically significant results (p<0.05, small volume correction) are reported for brain 
areas where there were prior hypotheses on the basis of previous studies [1, 2]. 

Results:  
The 7T fMRI examinations were well tolerated by all 11 participants. Figure 1A shows the result of a regression analysis in which neural activity 
measured on rating trials was regressed on the subject-specific and trial-specific ratings of taste pleasantness. The BOLD signal in a part of the 
medial orbitofrontal cortex was significantly correlated with taste pleasantness ratings (MNI coordinates [0 40 -20] z=3.38 p<0.05 corrected). 
Figure 1B shows the result of a SPM regression analysis in which neural activity measured on rating trials was regressed on attractiveness ratings 
given in response to the food stimuli. The BOLD signal in a part of the ventral striatum was correlated with subjective food attractiveness ([14 6 0] 
z=2.77 p<0.05 corrected). Figure 1C and 1D show the result of a regression analysis in which neural activity measured on choice trials was 
regressed on subject-specific and trial-specific ratings of decision confidence. The BOLD signal in a part of the ventromedial prefrontal cortex ([6 18 
-20] z=3.41 p<0.05 corrected) and dorsolateral prefrontal cortex ([-20 42 36] z=3.78 p<0.05 corrected) was positively correlated with subjective 
decision confidence. A negative correlation with subjective decision confidence was found in the amygdala ([12 -4 -20] z=2.99 p<0.05 corrected). 
Discussion: 
Our results demonstrate that reward- and decision-related effects can be detected with 7 Tesla fMRI, even simultaneously in anatomically separate 
artifact-prone areas such as the medial orbitofrontal cortex, ventromedial prefrontal cortex, amygdala, and ventral striatum. Extending previous 
studies that used oral taste and flavor rewards [1, 2], we identified neural representations of the subjectively rated pleasantness and attractiveness 
of visual food cues in the medial orbitofrontal cortex and ventral striatum, respectively. The ventromedial and dorsolateral prefrontal cortex, two brain 
areas implicated in reward-based decision-making [1], showed increasing activity with the subjectively rated confidence that individuals placed on 
their decisions. In contrast, a negative correlation with decision confidence was found in the amygdala, a key valuation structure in the brain [1, 2]. 
The implication is that these brain areas represent information that could be used to determine whether or not a decision that has been taken will 
subsequently be confirmed or aborted and corrected. A higher spatial and temporal resolution of the EPI datasets in conjunction with higher artifact 
suppression may increase the delimitation of the target signal. 3D EPI [5], a new sequence design may be therefore a useful alternative for whole-
brain fMRI in studies of reward valuation and decision-making. This speculation has to be tested in future studies. 
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Figure 1: Coronal/sagittal slices of t-statistic maps showing parts of the (A) medial orbitofrontal cortex, (B) ventral striatum, (C) ventromedial and dorsolateral prefrontal 
cortex, and (D) medial amygdala where neural activity correlated with subjective ratings of (A) taste pleasantness, (B) the attractiveness of food stimuli, (C) decision 
confidence during food choices (positive correlation), and (D) decision confidence during food choices (negative correlation). 
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