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We were pleased to receive comments on our recent manuscript (Vesia et al., 2010) and 

thank the authors for their critical review.  The authors provide an excellent summary of the 

findings from our study, and have raised several important points regarding the role of both limb 

and visual-hemifield specificity on complex visuomotor transformations.  We are grateful to the 

authors for raising these issues as this provides us with an opportunity to clarify our position and 

expand on some issues that were overlooked in the original paper.  

In their journal club article, Ciavarro and Ambrosini (2011) question the role of superior 

parieto-occipital cortex (SPOC) region in encoding reach goals in retinal coordinates.  They 

point to our data that suggest the potential presence of a TMS-induced, limb-specific effect for 

SPOC.  The authors correctly point out that our analysis of limb specificity was limited to reach 

precision, which did not show limb-specific effects after TMS over SPOC.  In contrast, Ciavarro 

and Ambrosini cite evidence from our reach accuracy data (Vesia et al., 2010; Fig. 6, D-G) that 

shows hand-specific effects of stimulation over SPOC.  We agree entirely, and would have 

emphasized this result more if it had been possible to directly compare this effect with the 

qualitatively different accuracy effects we obtained from our other TMS sites.  However, our 

conclusion that SPOC is involved primarily in goal encoding was drawn mainly from a different 

experiment (Vesia et al., 2010; Experiment 3), in which visual feedback of the hand negated the 

effect of TMS over other parietal regions, but not SPOC.  Indeed, there is no logical 

contradiction in SPOC encoding limb-specific reach goals. 

Moreover, we agree with their observation that our result does not prove that SPOC is 

restricted to encoding reach goals in retinal coordinates.  Our study was not designed to test 

this hypothesis.  In our study, we focused on the question of whether there is functional 
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specificity in these human parietal regions in goal-directed actions.  Our finding that TMS over 

SPOC induces gaze-centered ‘magnetic reach’ errors is merely consistent with other studies 

suggesting that SPOC primarily uses visual coordinates for visually-guided reach (Fernandez-

Ruiz et al., 2007; Beurze et al., 2010). Clearly, SPOC also shows additional more complex 

properties; for example, a recent neuroimaging study elegantly showed that this region could 

switch between visual and non-visual encoding, depending on the sensory modality used to 

specify the reach target (Bernier and Grafton, 2010).   

Another controversy concerns the degree of functional segregation between the 

separate reach computations in these different parietal regions.  There now is abundant 

evidence from functional imaging studies that reach planning produces large swaths of 

activation in parietal areas (Kertzman et al., 1997; Prado et al., 2005; Culham et al., 2006; 

Culham and Valyear, 2006; Hagler et al., 2007; Levy et al., 2007; Tosoni et al., 2008; Beurze et 

al., 2009; Filimon et al., 2009; Filimon, 2010).  We, therefore, emphasized the novel functional 

segregations that we were able to identify using TMS in our study.  As a result, although we did 

not explicitly state a strict functional division in our discussion, this point may have been 

overemphasized.  In fact, although our study clearly provides evidence for some degree of 

segregation, we agree that these distinctions are not clea r  cut.  Rather, effector and target 

information are represented likely in a distributed gradient across the parietofrontal cortical 

network (Medendorp et al., 2005; Beurze et al., 2009; Blangero et al., 2009; Filimon, 2010), with 

considerable intermingling of signals (Snyder et al., 1997).  In our view, this may explain why 

some of these issues have been difficult to address with standard neuroimaging techniques that 

show activation rather than causation.   

Finally, we completely agree with the suggestion that both visual hemifield and target 

eccentricity influence reach accuracy.  In fact, recent evidence suggests that damage to similar 

parietal regions causes systematic retinotopic reaching errors in unilateral optic ataxia (Blangero 

et al., 2010). Considering the wide scope of our study (six experimental TMS sites plus controls; 
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saccade and reaching with left and right hand; two different visual conditions), we were unable 

to discuss all the data in detail, and again, we are grateful to these authors for raising several 

points that were overlooked in our original paper.    

 

References 

Bernier P-M, Grafton ST (2010) Human posterior parietal cortex flexibly determines reference 
frames for reaching based on sensory context. Neuron 68:776-788. 

Beurze SM, de Lange FP, Toni I, Medendorp WP (2009) Spatial and effector processing in the 
human parietofrontal network for reaches and saccades. J Neurophysiol 101:3053-3062. 

Beurze SM, Toni I, Pisella L, Medendorp WP (2010) Reference frames for reach planning in 
human parietofrontal cortex. J Neurophysiol 104:1736-1745. 

Blangero A, Menz MM, McNamara A, Binkofski F (2009) Parietal modules for reaching. 
Neuropsychologia 47:1500-1507. 

Blangero A, Ota H, Rossetti Y, Fujii T, Ohtake H, Tabuchi M, Vighetto A, Yamadori A, Vindras 
P, Pisella L (2010) Systematic retinotopic reaching error vectors in unilateral optic ataxia. 
Cortex 46:77-93. 

Culham JC, Valyear KF (2006) Human parietal cortex in action. Current Opinion in Neurobiology 
16:205-212. 

Culham JC, Cavina-Pratesi C, Singhal A (2006) The role of parietal cortex in visuomotor control: 
what have we learned from neuroimaging? Neuropsychologia 44:2668-2684. 

Fernandez-Ruiz J, Goltz HC, DeSouza JFX, Vilis T, Crawford JD (2007) Human parietal "reach 
region" primarily encodes intrinsic visual direction, not extrinsic movement direction, in a 
visual motor dissociation task. Cereb Cortex 17:2283-2292. 

Filimon F (2010) Human cortical control of hand movements: parietofrontal networks for 
reaching, grasping, and pointing. Neuroscientist 16:388-407. 

Filimon F, Nelson JD, Huang R-S, Sereno MI (2009) Multiple parietal reach regions in humans: 
cortical representations for visual and proprioceptive feedback during on-line reaching. J 
Neurosci 29:2961-2971. 

Hagler DJ, Riecke L, Sereno MI (2007) Parietal and superior frontal visuospatial maps activated 
by pointing and saccades. NeuroImage 35:1562-1577. 

Kertzman C, Schwarz U, Zeffiro TA, Hallett M (1997) The role of posterior parietal cortex in 
visually guided reaching movements in humans. Exp Brain Res 114:170-183. 

Levy I, Schluppeck D, Heeger DJ, Glimcher PW (2007) Specificity of human cortical areas for 
reaches and saccades. J Neurosci 27:4687-4696. 

Medendorp WP, Goltz HC, Crawford JD, Vilis T (2005) Integration of target and effector 
information in human posterior parietal cortex for the planning of action. J Neurophysiol 
93:954-962. 

Prado J, Clavagnier S, Otzenberger H, Scheiber C, Kennedy H, Perenin M-T (2005) Two 
cortical systems for reaching in central and peripheral vision. Neuron 48:849-858. 

Snyder LH, Batista AP, Andersen RA (1997) Coding of intention in the posterior parietal cortex. 
Nature 386:167-170. 

Tosoni A, Galati G, Romani GL, Corbetta M (2008) Sensory-motor mechanisms in human 
parietal cortex underlie arbitrary visual decisions. Nat Neurosci 11:1446-1453. 

Vesia M, Prime SL, Yan X, Sergio LE, Crawford JD (2010) Specificity of Human Parietal 
Saccade and Reach Regions during Transcranial Magnetic Stimulation. J Neurosci 
30:13053-13065.	  


