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Abstract 

Apraxia, a cognitive disorder of motor control, can severely impair transitive actions (object-

related) and may lead to action errors (e.g., rubbing a hammer on a nail instead of pounding 

it) and hand posture errors (e.g., grasping a tool in a wrong way). Here, we report a rare 

observation of a left-handed patient, left-lateralized for language, who developed a severe 

apraxia following a right brain lesion. Interestingly the patient showed a significant number of 

hand posture errors, while she perfectly demonstrated the actual use of tools. This case 

stressed the predictions made by the current theories of tool use. According to the 

manipulation-based approach, the hand posture errors should be associated with an impaired 

manipulation knowledge. According to the reasoning-based approach, the absence of action 

errors should be associated with spared mechanical knowledge. Moreover, to better 

understand the neurocognitive origins of the deficit observed in VF, we examined several 

potential brain lateralization of praxis functions. We initiated a systematic examination of 

VF’s performance in several contexts of tool use allowing us to investigate which kinds of 

tool-use representations were potentially impaired in VF. Our investigation did not reveal any 

major deficit of manipulation knowledge. This can hardly account for the high frequency of 

hand posture errors, contrary to the predictions of the manipulation-based approach. In 

contrast, in line with the reasoning-based approach, mechanical knowledge was spared and 

can explain the absence of action errors. We also found that VF probably had a bilateral 

organization of praxis functions, but irrespective of the possible brain lateralization 

considered, none of which established a satisfactory association between manipulation 

knowledge and hand posture errors. Taken together, the manipulation-based approach fails to 

explain fully the deficit presented by this patient and should lead us to consider alternative 

explanations. 

Keywords: tool use; apraxia; action errors; hand posture errors; manipulation knowledge  
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1. Introduction 

Apraxia is a cognitive disorder of motor control which cannot be explained by elemental 

motor deficits nor by general cognitive impairment (De Renzi & Lucchelli, 1988). Apraxia 

can severely impair transitive (tool-related) actions and, at a lesser extent, intransitive actions 

(Goldenberg & Hagmann, 1997). In the case of transitive actions, two kinds of errors can be 

identified. The first concerns the ineffectiveness of the “action” performed (hereafter called 

action errors). Action errors are observed when apraxic patients cannot demonstrate how to 

use a tool with the corresponding object (i.e., real tool use; Goldenberg & Hagmann, 1998; 

Jarry et al., 2013; Osiurak, Aubin, Allain, Jarry, Richard, et al., 2008; Osiurak, Jarry, Lesourd, 

Baumard, & Le Gall, 2013). For instance, patients may try to rub a hammer on a nail instead 

of pounding it with the hammer. In action errors, the relation between the tool and the object 

is impaired (i.e., tool-object representation). The second kind of errors concerns difficulties to 

perform the appropriate handgrip (e.g., grasping a tool in a wrong way; i.e., the postural 

component of gestures; hereafter called hand posture errors). Hand posture errors can be 

found in pantomime of tool use or when shaping the hand for grasping tools (Buxbaum, Kyle, 

& Menon, 2005). In hand posture errors, the relation between the hand and the tool is 

impaired (i.e., tool-hand representation).  

Several cognitive representations have been identified to support the ability to use tools, 

that is, functional knowledge (i.e., semantic knowledge about tool use; Gonzalez Rothi, 

Ochipa, & Heilman, 1991), mechanical knowledge and manipulation knowledge. Functional 

knowledge is tool-centered, as it stores information about tools in relation to their purpose and 

their recipient (e.g., Goldenberg, 2013). Mechanical knowledge is tool-object centered, as it is 

based on the understanding of opposition existing between physical properties of tools and 

objects (Osiurak, Jarry, & Le Gall, 2010; Osiurak, 2014). Manipulation knowledge (also 

called gesture engrams; Buxbaum, 2001) is tool-hand centered as it stores information about 
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how to manipulate tools (e.g., knowing that the use of a hammer is associated with 

oscillations of the elbow) but it is not contextualized so that damage to manipulation 

knowledge leads to impairment in both gesture production and gesture recognition. Activation 

(fMRI) studies showed that mechanical, functional and manipulation knowledge are 

supported by a large brain network predominantly located in the left hemisphere (Boronat et 

al., 2005; Canessa et al., 2008; Ishibashi, Pobric, Saito, & Lambon Ralph, 2016; Reynaud, 

Lesourd, Navarro, & Osiurak, 2016; van Elk, 2014). In line with fMRI data, studies of brain-

damaged patients showed that apraxia is commonly observed in left brain-damaged (LBD) 

patients (Baumard et al., 2014; Niessen, Fink, & Weiss, 2014). Functional knowledge can be 

disrupted following left temporal lobe lesions (Goldenberg & Spatt, 2009; Hodges, Bozeat, 

Lambon Ralph, Patterson, & Spatt, 2000), mechanical knowledge can be impaired following 

inferior parietal lobe (IPL) lesions (Goldenberg & Spatt, 2009; Jarry et al., 2013), and 

manipulation knowledge is also impaired following left IPL1 lesions (Buxbaum, 2001; 

Buxbaum, Kyle, Grossman, & Coslett, 2007). Unlike LBD patients, it has been found that 

right-brain damaged (RBD) patients are almost unaffected by apraxic deficits (Buchmann & 

Randerath, 2017; Randerath, Li, Goldenberg, & Hermsdörfer, 2009). 

In the present study, we report the rare observation of VF, a female patient, left-handed 

and left-lateralized for language, who developed a severe apraxia following an ischemic 

stroke affecting the right hemisphere. VF is particularly impaired for both (1) pantomiming 

 

 

1 A recent VLSM study in LBD patients reported that postural components of gestures were impaired 

following lesions in the left pMTG, whereas kinematic components of gestures were impaired following lesions 

in the left IPL (Buxbaum, Shapiro, & Coslett, 2014). Thus, postural and kinematic components of manipulation 

knowledge may rely upon distinct cerebral networks, not only located within the left IPL. 
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the use of tools; and (2) recognizing/producing correct hand posture for grasping tools. Of 

particular interest is the presence and frequency of hand posture errors in the apparent absence 

of action errors in real tool use tasks (see Fig.1). In broad terms, VF grasps the tools with 

inaccurate hand postures, but uses the tools in an effective manner. This case is highly 

interesting for several reasons. 

< Insert Figure 1 about here > 

First, this case of apraxia questions the predictions made by the current theories of tool 

use. According to the manipulation-based approach (MBA; Buxbaum, 2001), the presence of 

hand posture errors in VF in pantomime and real tool use tasks should be well explained by a 

severe damage or impaired access to manipulation knowledge. For instance, the patient LL 

(Sirigu et al., 1995) who presented the same hand posture deficit as VF, showed hand posture 

errors in both pantomime and real tool use tasks in association with defective manipulation 

knowledge. However, VF and LL are rare cases reported in the literature with this kind of 

impairment (see also Hayakawa, Fuji, Yamadori, Meguro, & Suzuki, 2015). Indeed, while 

hand posture errors are commonly reported in pantomime of tool use in apraxic patients (e.g., 

Buxbaum et al., 2007), they are rarely observed in real tool use tasks (Osiurak, Aubin, Allain, 

Jarry, Etcharry-Bouyx, et al., 2008; Randerath, Goldenberg, Spijkers, Li, & Hermsdörfer, 

2010; Randerath et al., 2009). Thus, in apraxic patients, if defective manipulation knowledge 

is a good predictor of hand posture errors in pantomime of tool use task, this is less obvious in 

real tool use task, where both the tools and the corresponding objects are available. 

Additionally, if hand posture errors are rare in real tool use tasks, they are nevertheless 

systematically followed by action errors (Randerath et al., 2010). However, VF produces few 

action errors following hand posture errors, suggesting the existence of a dissociation between 

tool-hand and tool-object representations. MBA can hardly explain why a severe damage of 

manipulation knowledge is not associated with a deficit for using tools, unless assuming 
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either that manipulation knowledge is not necessary for the actual use of tools (Osiurak & 

Badets, 2016; Osiurak et al., 2009, 2010; Osiurak, Jarry, & Le Gall, 2011) or invoking 

additional compensatory processes (i.e., production system). In contrast, the reasoning-based 

approach (RBA; Osiurak & Badets, 2016), assumes that the ability to use tools largely 

depends on mechanical knowledge (i.e., tool-object representations). In broad terms, RBA 

assumes that using tools relies firstly upon the integrity of tool-object representations. As VF 

commit few action errors, the preservation of mechanical knowledge should explain why she 

actually can properly use familiar tools, despite high frequency of hand posture errors.  

Second, the side of the lesion in the right hemisphere associated with the praxis deficit 

raises the question of the brain organization of representations supporting tool use in a patient 

who is left-handed and left-lateralized for language. In left-handers, patients without aphasia 

are rarely concerned with apraxic deficits. For instance, it has been found that only 14% (n = 

3/21) had pantomime of tool use impairment and only 10% (n = 2/21) had tool use deficit2 

(Goldenberg, 2013b). Moreover, only two other cases of left-handed patients with apraxia 

following right-brain lesion have been described in the literature (Margolin, 1980; Ochipa, 

Rothi, & Heilman, 1989), but at the time, no extensive investigation of tool use tasks (i.e., 

pantomime of tool use, single tool use and real tool use ), and of representations supporting 

tool use (i.e., functional knowledge, manipulation knowledge, and mechanical knowledge) 

were done. Thus, in the present paper, we examined the performance of VF in several 

contexts of tool use, as well as with tasks allowing us to investigate the representations 

 

 

2 However, in the study of Goldenberg (2013), it is not specified whether the impairment observed in left-

handers without apraxia in the tool use task, concerns inaccurate hand postures (tool-hand representations) or/and 

inability to use the tools with the objects (tool-object representations). 
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supporting tool use, to better understand the neurocognitive origins of the deficit of this 

patient. We examined the pattern of performance of VF with three potential brain 

organization of praxis functions, given a left-lateralization of language: (1) lateralization of 

praxis functions in the right hemisphere and lateralization of language in the left hemisphere 

(i.e., crossed-apraxia; Margolin, 1980); (2) co-lateralization of language and praxis functions 

in the left hemisphere (Vingerhoets et al., 2012; Vingerhoets, Alderweireldt, Vandemaele, & 

Cai, 2013); and finally (3) bilateral brain organization of praxis functions with a lateralization 

of language in the left hemisphere (e.g., Subject 4 in Króliczak, Piper, & Frey, 2011).  

To sum up, the aim of the present case study was to stress some predictions made by the 

current theories of tool use regarding the performance of VF, that is, (1) according to the 

MBA, a high frequency of hand posture errors should be associated with a defective 

manipulation knowledge; and (2) according to RBA, the absence of action errors should be 

associated with the preservation of mechanical knowledge. We also compared the 

performance of VF with a sample of apraxic LBD patients, non-apraxic LBD patients and 

RBD patients. Finally, we examined the integrity/deficit of representations supporting tool 

use in VF, regarding three potential brain organization (i.e., lateralization) of praxis functions. 

Based on our findings, we will propose different interpretations and discuss their implications 

for the current theories of tool use. 

2. Case report 

2.1. The patient 

VF, a 47 years old woman with 8 years of education was working as a florist for 10 

years when she underwent, in August 2014, an ischemic stroke affecting the right hemisphere. 

The following areas of the right hemisphere were damaged: the superior, middle and inferior 

frontal gyri including the orbital, triangular and opercular parts, the rolandic operculum, 

insula, lenticular and caudate nuclei, the ventrolateral part of precentral and postcentral gyri, 
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the superior, middle and inferior temporal gyri, the supramarginal gyrus, the angular gyrus 

and the anterior part of the intraparietal sulcus (see Fig.2). VF presented a NIHSS (National 

Institute of health Stroke Score) of 16/42 at her arrival in the unit and could benefit from an 

intravenous thrombolysis. Three weeks after her stroke, VF was admitted to the medical and 

physical rehabilitation center (MPR; CHU Grenoble Alpes) for four months and one week. 

< Insert Figure 2 about here > 

VF came to our attention fifteen months after her stroke. Her main complaints were to 

be uncomfortable when using some tools (e.g., broom) and to be highly fatigable. These 

difficulties were corroborated by her husband. Moreover, her husband reported that VF could 

hold familiar tools in an awkward way (i.e., unusual hand posture while holding a tool) since 

her stroke. At the time of the examination VF was not able to take back her professional 

activity. VF did not present signs of anxiety nor depression with a HAD score of 7/30 and she 

did not have any cognitive complaints with a QPC score of 1/8. Handedness assessment with 

the Edinburgh Handedness Inventory (Oldfield, 1971) indicated a marked left hand preference 

(score of -100%). 

2.2. Preliminary neuropsychological evaluation 

The neuropsychological assessment was carried out fifteen months after the stroke in 

November 2015 and aimed: (1) to characterize the global cognitive functioning; and (2) to 

give a preliminary praxis examination. 

The neuropsychological assessment (Table 1) revealed several cognitive impairments 

that were not reported spontaneously by the patient and did not correspond with the low score 

obtained at the cognitive complaints scale (QPC = 1/8). General intellectual ability was in the 

low range and may correspond at least in part to the low educational level of the patient. 

Nevertheless, non-verbal reasoning was limited given the Perceptual Reasoning Index 

(WAIS-IV; Wechsler, 2008). VF presented a marked deficit in verbal long-term memory 
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attested by pathological scores in recognition and free recall in the California Verbal Learning 

Test (CVLT; Delis, Kramer, Kaplan, & Ober, 1987) but normal scores in the Doors Test 

(Baddeley, Emslie, & Nimmo-Smith, 1994) suggested spared visual modality of long-term 

memory. Moreover, normal forward and backward auditory digit span (Wechsler, 2008), as 

well as normal forward and backward visuospatial span (Corsi, 1972) indicated spared short-

term and working memory, respectively. A dysexecutive syndrome was also found, attested 

by pathological scores obtained at the Trail-Making Test (flexibility), the Hanoi tower 

(planification) and the Brixton test (rule detection; Burgess & Shallice, 1997). Concerning 

language, VF presented fluent and well-articulated spontaneous language. Comprehension 

seemed to be normal and was confirmed, at least for simple commands, by her performance 

on the Token Test (De Renzi & Faglioni, 1978). Scores in normal range for semantic and 

phonemic fluency indicated a normal verbal fluency and good search strategies in semantic 

memory. Moreover, VF showed a left-lateralization of brain activation for language (see 

Supplementary material Fig.1), as it was observed when VF underwent a denomination of 

picture task during fMRI scanning. In the visuo-spatial domain, VF met difficulties in the 

Bells test (Gauthier, Dehaut, & Joanette, 1989), with several omissions in the left part, which 

is possibly related to sequalae of visual neglect. We also found poor copy of the Taylor 

complex figure (Taylor, 1969) which can be associated with visuo-constructive impairment 

but also with difficulties in programming the copy of the figure. Finally, VF presented a 

bimanual motor weakness, a loss of dexterity only with the left hand and an inability to 

execute motor sequences (fist-edge-palm). 

< Insert Table 1 about here > 

Table 2 summarizes the results obtained with the preliminary praxis evaluation (TLA; 

Anicet, Calais, Lefeuvre, & Rousseaux, 2007). VF was largely impaired when she was asked 

to produce transitive and intransitive gestures whatever the modality (i.e., imitation or verbal 
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command). However, the ability to name and discriminate gestures according to their 

meaning were preserved, as well as functional knowledge. During pantomime of tool use, VF 

made characteristic errors observed in apraxia, that is, recognizable gestures containing 

spatiotemporal errors (e.g., stereotypic movement, body part object, etc.). Moreover, when 

asked to use tools in isolation (i.e., single tool use), VF grasped the tools in an awkward way, 

as it has been previously observed with the case LL (Sirigu et al., 1995; see Fig. 1.a-c). 

Interestingly, the hand posture deficit seemt to persist in real tool use situation (i.e., using a 

tool with an object), for instance, when VF was asked to cut a piece of paper with a scissor, 

despite a very uncomfortable hand posture, VF successfully cut the piece of paper (Fig.1.d-e). 

This observation suggests that all the components of transitive actions are not impaired in VF, 

that is, impaired tool-hand relationship (i.e., presence of hand posture errors) and spared tool-

object relationship (i.e., absence of action errors). 

< Insert Table 2 about here > 

3. Experimental studies 

The experimental investigations took place between January 2016 and April 2016. For each 

experiment, raw data are provided in Supplementary Material Table 1-6. We report how we 

determined our sample size in the LBD-A, LBD-NA, and RBD comparison groups, all data 

exclusions (if any), all inclusion/exclusion criteria, whether inclusion/exclusion criteria were 

established prior to data analysis, all manipulations, and all measures in the study. 

 

3.1. Use of familiar tools 

We investigated the use of familiar tools with three classical tasks, namely, pantomime of tool 

use, single tool use and real tool use tasks. In these tasks, the performance of VF was 

compared with three groups of brain-damaged patients (see Table 3): LBD apraxic (LBD-A; 
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n = 8), LBD non-apraxic (LBD-NA; n = 7) and RBD (n = 5)3. These patients were selected 

because (1) they were previously assessed on the same tasks including the same familiar 

objects used in the present study; and (2) they were matched as closely as possible in terms of 

age and educational level with VF. 

< Insert Table 3 about here > 

3.1.1. Pantomime of tool use (PTU) and single tool use (STU) tasks 

Methods. Ten familiar tools (hammer, jug, electrical plug, match, bottle opener, saw, 

scissors, key, screwdriver, bulb) were presented, one at a time on a vertical panel. VF was 

asked to demonstrate the typical use of the tools with the left hand: (1) without holding them 

in the PTU task; and (2) with holding them in the STU task. All patients started with the PTU 

task followed by the STU task. 

The examiner did not name the tools. Performance was videotaped and each gesture was 

scored dichotomously (correct/incorrect) in four categories: Hand posture, Arm posture, 

Amplitude and Timing (see Buxbaum, Giovannetti, & Libon, 2000). Each correct component 

of gesture was given 1 point (4 points maximum for each gesture). 

The performance of VF in PTU and STU tasks was scored by two independent coders. 

Interrater agreement was assessed using Cohen’s Kappa and mean interrater agreement for all 

gesture components was 80% (Hand posture = 85%, Arm posture = 77%, Amplitude = 78%, 

Timing = 79%). Concerning brain-damaged patients, the same independent raters coded 11 

videos (the half of the whole data) for PTU and STU tasks. Mean interrater agreement for all 

gesture components was 82% (Hand posture = 86%, Arm posture = 84%, Amplitude = 79%, 

 

 

3 The apraxic and non-apraxic LBD patients were described in a previous work of our group (Jarry et al., 

2013) and RBD patients are part of an unpublished study (Jarry et al., unpublished). 
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Timing = 80%). Scores for which there was disagreement were reconciled by additional 

review of videotapes. 

We focused our analyzes on the accuracy for the Hand posture component. Between-

group comparisons were calculated with Mann-Whitney U tests, within-group comparisons 

were calculated with Wilcoxon matched pairs tests. The presence of a deficit in VF was tested 

with Crawford-Howell modified t-tests (Crawford & Howell, 1998) and the presence of 

differences among VF’s performance was tested with the Revised Standardized Difference 

Test (RSDT; Crawford & Garthwaite, 2005). 

Results. The results are displayed in Fig.3. First, we observed that LBD-A patients had 

Hand posture performance significantly lower than LBD-NA and RBD for both PTU (z = -

3.13, p < .01 and z = -2.84, p < .01, respectively) and STU (z = -3.07, p < .01 and z = -2.76, p 

< .01, respectively). Nevertheless, LBD-A significantly improved their performance between 

PTU and STU for the Hand posture component (z = 2.11, p < .05). Second, when comparing 

VF’s performance to LBD-A, we found that Hand posture scores were similar in VF (30%) 

and LBD-A (M = 30.0%, SD = 15.3; t = 0, p = .50) in the pantomime of tool use task, but 

Hand posture scores were significantly higher for LBD-A compared to VF (30%) in the STU 

task (M = 74.3%, SD = 15.1; t = -2.77, p = .014). Third, Crawford and Garthwaite’s (2005) 

RSDT was applied to test whether the difference between VF’s scores on Hand posture on 

PTU and STU tasks is significantly different from the differences observed in LBD-A. The 

results showed that VF’s pattern of performance fulfils the criteria for a classical dissociation 

(RSDT: t = 2.40, p = .02). Indeed, VF’s performance was not improved between PTU and 

STU in contrast to LBD-A. 

< Insert Figure 3 about here > 

3.1.2. Real tool use task 
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Methods. This task is made of the same ten familiar tools used in PTU and STU tasks 

and the corresponding objects upon which they can be used (hammer-nail, jug-glass, electrical 

plug-electrical socket, match-matchbox, bottle opener-bottle, saw-piece of wood, scissors-

thread, screwdriver-screw, key-lock in a wooden board, bulb-bulb socket). VF was asked to 

actually use the tool with the corresponding object. The examiner did not name the tools, the 

objects or actions to be done. In the real tool use in choice condition (RTU-C), VF was given 

one object in front of her and was asked to (1) select the associated tool; and (2) to use the 

tool with the object. The time limit was set to 60s and two scores were calculated: a hand 

posture score and an action score. The hand posture score was calculated by dividing the 

number of correct hand postures by the total number of correct selected tools. The action 

score was calculated by dividing the total number of correct actions (each time a tool was 

successfully used with the associated object; maximum = 10 points) by the total number of 

items (n = 10). 

Additionally, we proposed to VF the same task in a no-choice condition (RTU-NC; 

Lesourd, Baumard, Jarry, Le Gall, et al., 2017) where only the tool and the corresponding 

object were presented. Finally, the examiner correctly positioned the VF fingers on the tools 

and VF was instructed, by maintaining her hand posture, to show the correct use of the tool 

(see for example Task II: hand posture correction; Sirigu et al., 1995). 

VF scores were compared to LBD-A, LBD-NA and RBD patients only on the RTU-C 

task. Comparisons were made using Crawford-Howell modified t-tests (Crawford & Howell, 

1998). We also test whether the difference between VF’s scores on Grip accuracy  and on 

Action accuracy was significantly different from the differences observed in LBD-A with the 

RSDT (Crawford & Garthwaite, 2005). Additionally, to assess the association between hand 

posture score and action score, Phi correlation coefficients for dichotomous variables were 

calculated, within each group of patients, between hand posture accuracy (0 or 1: 
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incorrect/correct grip) and action accuracy (0 or 1: incorrect/correct action). VF started with 

RTU-C followed by RTU-NC task and hand posture correction task in this order. 

Results. As it can be seen in Fig.4, in the RTU-C task, considering action accuracy, VF 

(90%) performed as RBD (M = 96%, SD = 5.5; t = -.99, p = .19) and LBD-NA (M = 91.4%, 

SD = 9.0; t = -.15, p = .45) and had a higher score than LBD-A even if it was not significant 

(M = 46.3%, SD = 27.2; t = 1.51, p = .08). Considering hand posture accuracy, VF (50%) 

performed significantly lower than the three groups of patients (RBD: M = 98%, SD = 4.5; 

LBD-NA: M = 95.6%, SD = 5.6; LBD-A: M = 86.4%, SD = 11.2; all t < -3.01, all p < .05). 

When we compared specifically the performance of VF and LBD-A patients, we found a 

significant dissociation, that is, VF’s performance was improved between Hand posture 

accuracy and Action accuracy whereas LBD-A patients showed the reverse pattern (RSDT: t 

= 4.31, p = .004). VF selected a similar number of non-relevant tools (n = 1; selection errors) 

compared to all other groups (RBD: M = .6, SD = 1.34; LBD-NA: M = .29, SD = .49; LBD-A: 

M = 5.5, SD = 4.41; all |t| < 1.36, all p > .11). VF obtained exactly the same performance in 

the RTU-NC task as in the RTU-C task, where only one tool and the associated object were 

proposed simultaneously (action accuracy: 90% and hand posture accuracy: 50%). Moreover, 

we observed hand posture errors for the same tools in both RTU-C and RTU-NC tasks. 

Finally, in the hand posture correction task when the examiner positioned correctly the fingers 

of VF on the tools, the patient showed correctly the use of all the tools (n = 10/10), even when 

the hand posture was previously incorrect. 

< Insert Figure 4 about here > 

We found a significant association between action accuracy and hand posture accuracy 

for LBD-A patients (phi = .58, c2= 10.72, df = 1, p < .05) but not for LBD-NA patients (phi = 

.29, c2= 1.18, df = 1, p = .28). There was a trend toward significance for the difference 

between the correlation coefficients for LBD-A and LBD-NA (z = 1.87, p = .07). RBD 
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patients produced neither grip errors nor action errors during RTU-C task, preventing us to 

calculate the association coefficient between hand posture accuracy and action accuracy.  

3.1.3. Summary of the results  

VF and LBD-A patients were equally impaired in PTU task for hand posture 

compared to LBD-NA and RBD patients, suggesting that apraxia specifically impairs hand-

tool relationships (Buxbaum et al., 2007; Buxbaum et al., 2003). However, whereas LBD-A 

patients improved significantly their hand posture with the tool in hand, which is commonly 

observed with apraxia (for a review see Baumard et al., 2014), this was not the case for VF. 

Moreover, in the RTU-C task, where the tools had to be used with the associated objects, VF 

produced a significant number of hand posture errors but did not show action errors. 

We also found a significant association between hand posture errors and action errors 

in LBD-A. Consistent with our findings, Randerath et al., (2010) reported in a grasping to use 

task (i.e., single tool use task), that hand posture errors were strongly associated with action 

errors in LBD patients. However, if hand posture errors (also called non-functional grips) are 

more frequent in LBD than in RBD patients, this behavior remains rare in LBD patients 

(Osiurak et al., 2008; Randerath et al., 2009). Surprisingly, VF produced more hand posture 

errors than LBD-A patients, without impacting the correct achievement of tool use actions. 

We propose to further investigate the grasping components of action in VF, namely, grasping 

to transport and grasping to use (see Osiurak et al., 2008 for a similar task). These tasks will 

test the specificity of the hand posture impairment (i.e., familiar tool use vs novel tool use) 

and should confirm the lack of association observed between action errors and grip errors. 

 

3.2 Grasping components of action: transport and use 

3.2.1. Grasping-to-transport condition 
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Method. VF sat at a table upon which was fastened a cradle that included two supports 

(see Fig.5A). A red-and-blue wooden dowel (length 32cm, diameter 2cm) laid on supports 

with the blue end on the left support. To each side of the dowel laid a red and a blue disk 

(diameter 3cm). VF began each trial with the hand resting in a neutral orientation (thumb 

pointing to 12 o’clock). When the examiner pointed to a red (blue) disk, VF was required to 

pick up the dowel and place the red (blue) end squarely on the red (blue) disk. Each disk was 

pointed 6 times, totaling 24 trials. VF performed the grasping-to-transport condition with the 

left hand (24 trials) and the right hand (24 trials). VF was told to use a power grip and not to 

twirl the dowel. To prevent the patient from seeing appropriate grips, the examiner moved the 

dowel by holding it between the index and the middle finger of each hand, with the palms 

facing each other. Two final postures were distinguished at the time the dowel was placed on 

the disk, that is, a comfortable final posture corresponded to the thumb pointing up, and an 

uncomfortable final posture to the thumb pointing down. Two initial grips were distinguished 

at the time the dowel was grasped: an overhand or an underhand grip (Rosenbaum et al., 

1990). 

< Insert Figure 5 about here > 

Results. In the grasping-to-transport condition, VF performed only one uncomfortable 

final posture (n = 47/48) made with the left hand (left hand: n = 23/24, right hand: n = 24/24). 

Moreover, the distribution of overhand (left hand: n = 13/24, right hand: n = 12/24) and 

underhand (left hand: n = 11/24, right hand: n = 12/24) grips did not differ significantly 

between both hands (c2 = .17, df = 3, p = .98). 

3.2.2. Grasping-to-use condition 

Method. VF sat at a table upon which were placed a familiar object and the 

corresponding recipient (see Fig.5B). VF began each trial with the hand resting on the desk in 

a palm down position. VF completed the task with her left hand first and then with her right 
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hand. Her thumb pointed to either the 3 o’clock position (left hand) or the 9 o’clock position 

(right hand). VF was instructed to pick up the tool and to demonstrate how she uses it with the 

recipient. It was stressed that the grip should remain unchanged once VF picked up the tool. 

Tool orientation was manipulated: the handle toward (Fig.5B1) versus away from VF 

(Fig.5B2). To prevent VF from seeing appropriate grips, the examiner moved the tools by 

holding them between the index and the middle finger of each hand, with the palms facing 

each other. Each tool was presented 4 times in each orientation totaling 112 trials (7 

tools/recipients x 2 orientations x 4 trials x 2 hands). Two handgrips were identified: a 

functional grip occurred if the handle was grasped with the thumb toward the active part of 

the tool and a non-functional grip, if the handle was grasped with the thumb away from the 

active part. An ANOVA for single case studies (Q' test; Michael, 2007) were carried out on 

percentage of functional grips (i.e., number of functional grips/total of grips x 100) relative to 

the orientation of the tool (handle forward vs handle away) and of the hand (left vs right). We 

were also concerned with the effectiveness of tool use, 1 point was given if the action was 

correctly achieved whatever the handgrip used, or 0 point if the action was not correctly 

carried out. Phi coefficient was calculated between grip errors (i.e., non-functional grips) and 

action errors.  

We also assessed the association between the loss of manual dexterity in VF and the 

type of grip she made (functional/non-functional) for both hands with a chi-square test. We 

distinguished the tools being grasped with a power grip (bottle opener, hammer, saw, 

screwdriver) and potentially less impacted by a loss of manual dexterity from the tools being 

grasped with a precision grip (pen, scissors, key) and potentially more impacted by a loss of 

manual dexterity. 

Additionally, we tested the ability of VF to correctly reach familiar gestures, by 

measuring the association between the maximum grip size (distance thumb-index) and the 
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object size at grasped location (in cm) (see Task III; Sirigu et al., 1995). Eight measures (4 for 

the left hand and 4 for the right hand) were reported for a given tool (among the 16 trials) 

because we considered only the condition where the tool was presented with the handle 

toward VF. Correlations were calculated for both hands between object size at grasp location 

and maximum grip size. 

Results. The analysis of variance carried out on percentage of functional grips revealed 

a main effect of the orientation of the tool, Q’(1) = 13.76, p < .001), VF produced more error 

grips when the tool was presented with the handle away (37.5%) from her than with the 

handle toward her (76.8%). There was no effect of the hand laterality, Q’(1) = 2.62, p = .11, 

VF did not produce more grip errors with the left hand (48.2%) than with the right hand 

(66.1%). Finally, the interaction between orientation of the tool and hand laterality showed a 

trend toward significance, Q’(1) = 3.25, p = .07, there was no difference between percentage 

of functional grip for left (75%) and right hand (78.6%, p = .74), whereas VF produced more 

non-functional grip for the left hand (21.4%) than for the right hand (53.6%, p < .01). 

Moreover, we did not find any association between grip errors and action errors neither 

for the left hand (phi = -.09, Chi-2 < 1, df = 1, p = .94) nor for the right hand (phi = -.14, Chi-

2 < 1, df = 1, p = .79). There were also no association between the grip made by VF 

(functional or non-functional) and the type of grip associated with a given tool (precision or 

power grip) neither for the left hand (Chi-2 = .34, df = 1, p = .56) nor for the right hand (Chi-2 

= 0, df = 1, p = 1). This last result suggests that the potential loss of dexterity has not 

influenced the planification of functional grips in VF. 

As it can be seen in Fig.6, we found significant correlations between the grip aperture 

(thumb-index distance) and the width of object at grasped location for the left hand (r = .88, p 

< .001) and the right hand (r = .79, p < .001) during the grasping to use tools task. There were 
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no anomalies in the performance of reaching movements in VF. These last results suggested 

that the grip posture deficit observed in VF cannot result from a basic visuo-motor 

impairment. 

< Insert Figure 6 about here > 

3.2.3 Discussion 

VF showed a striking dissociation between grasping to transport versus grasping to use 

conditions. Whereas she perfectly completed the grasping to transport task, she met severe 

difficulties in the grasping to use task, which suggests that VF suffers from a specific grasping 

impairment for familiar tools. In the grasping to use task, VF produced a significant number 

of non-functional grips when the tool was presented with the handle away from her. Although 

this deficit seems to be a hallmark of left brain-damage (Sunderland, Wilkins, Dineen, & 

Dawson, 2013), this behavior tends to be rare and quite mild in LBD patients (2/16 LBD 

patients produced only 1 uncomfortable posture in Osiurak et al., 2008) and in apraxic LBD 

patients (3/10 patients produced more than one non-functional grasp in Randerath et al., 

2009). Interestingly, in Randerath et al. (2009), only 1 apraxic LBD patient (Patient IL) 

produced less functional grips than VF when the handle of the tool was presented away (IL: 

25% and VF: 37.5%). Moreover, we did not find in the grasping to use task, an association 

between grip errors and action errors in VF, instead of what we found in our LBD-A group 

and what it has been previously reported (Randerath et al., 2009). Finally, we ruled out the 

possibility that the grip deficit observed in VF could be explained by either a perturbation of 

basic visuo-motor guidance or by a loss of manual dexterity. 

In order to stress the association between manipulation knowledge and the presence of 

the grasping deficit for familiar tools observed in VF, we tested in a third part, different kinds 

of representations known to support tool use. 
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3.3. Knowledge supporting tool use 

To better understand the deficit presented by VF, we first investigated several forms of 

knowledge that have been associated with the ability to use tools, that is, functional 

knowledge, manipulation knowledge, and mechanical knowledge. 

3.3.1. Functional matching tasks  

The use of tools may rely on semantic memory about their function and context of use 

(Hodges, Bozeat, Lambon Ralph, Patterson, & Spatt, 2000; Osiurak, 2014; Roy & Square, 

1985). 

Method. VF was asked to select among an array of four pictures the one that best 

matched the picture of a tool (hammer, jug, electrical plug, match, bottle opener, saw, 

scissors, screwdriver, key, bulb). In the functional condition, the matching criterion was the 

function of the tool (e.g., target = match; choice = lighter, pen, coffee maker, colander) and in 

the contextual condition, the criterion was the usual context of use (e.g., target = match; 

choice = anniversary, wedding, Christmas day, baptism). There were ten items in each 

condition. Each correct answer given within 20 s was worth 1 point (maximum score = 10). 

Cut-off scores were determined as the worst scores achieved by the controls minus two more 

points for all experimental tasks (Bartolo, Cubelli, Della Sala, & Drei, 2003). 

Results. VF obtained 8/10 in the functional matching condition and 9/10 in the 

contextual matching condition. She performed above the cut-off scores in both conditions 

(7/10 and 6/10, respectively). VF committed few errors, even if she failed one item (i.e., the 

saw) in both function and contextual matching tasks. However, VF were able to name all the 

tools that are presented in this task. 

Discussion. VF performed in the normal range for both functional and contextual 

matching tasks. Consistent with these findings, we found in the preliminary praxis evaluation 

that VF obtained 10/10 in the functional association task of the TLA (Anicet et al., 2007) 
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which assesses specifically functional knowledge and we also found in the RTU-C task, that 

VF made as many selection errors as non apraxic patients, which let us suppose that VF does 

not suffer from a deficit of selection of tools. Taken together, these results suggest that 

functional knowledge is relatively spared for this patient. 

3.3.2. Recognition of tool-gesture manipulation  

Using familiar tools may rely upon manipulation knowledge (Buxbaum, 2001; Gonzalez 

Rothi, Ochipa, & Heilman, 1991). Manipulation knowledge informs individuals about how to 

manipulate tools (e.g., knowing how to use a hammer is associated with oscillations of the 

elbow). 

Method. This task assessed manipulation knowledge by asking to recognize the best 

way to hold a tool in order to use it with an object (e.g., saw/piece of wood). The same ten 

tools as in the semantic about tools task were used. We proposed two versions of this test, that 

is, the 4-choice Recognition of tool-gesture manipulation (4C-RTM) and the forced-choice 

Recognition of tool-gesture manipulation (FC-RTM). 

The 4C-RTM is one of the classical way to investigate the integrity of manipulation 

knowledge in patients suffering from apraxia by proposing among several items to select the 

one that corresponded to the best way to hold a tool (e.g., Jarry et al., 2016). This test was 

made of the same ten tools used in the functional knowledge tasks. In this test, we proposed 

four photographs, one with the correct posture and three foils (see Lesourd, Baumard, Jarry, 

Etcharry-Bouyx, et al., 2017). Each photograph depicted a one-handed manipulation of the 

tool; the hold differed across photographs, but the relative position of the tools and objects did 

not vary. The foils were built according three conditions, that is, (1) Active part, the hand is 

located on the active part of the tool; (2) Uncomfortable hand posture, the hand is oriented on 

the tool in a way that its subsequent use will be uncomfortable; and (3) Impossible use, the 

position of the hand on the tool makes impossible its subsequent use. To sum up, there was 4 
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types of posture: one correct posture (Target), two uncomfortable but possible postures 

(Active part and Uncomfortable hand posture), and one impossible (Impossible use). There 

were 10 items, and 1 point was allowed for a correct answer given within 20 s (maximum = 

10). 

In the 4C-RTM, each posture is not examined independently from each other and one 

may assume that some subjects select their answer by eliminating the other postures. By 

presenting only one item at a time in the FC-RTM, we wanted to overcome this potential bias 

and examined which kind of error is more likely to occur when VF cannot assess several 

postures simultaneously. The FC-RTM task was computerized using PsychoPy 1.8 (Peirce, 

2007) and each 40 photographs (10 tools x 4 conditions) used in the 4C-RTM was presented 

separately, one at a time on a screen. VF was instructed to recognize if the posture displayed 

on each picture was correct by pressing “s” on the keyboard or incorrect by pressing “k” on 

the keyboard. The presentation of the photographs was manually randomized in order to 

control that two conditions of the same item was not presented two times in a row. Each time 

VF answered “correct” when a correct posture was presented or “incorrect” when an incorrect 

posture was presented, 1 point was given (maximum = 10 for each condition). The 4C-RTM 

and the FC-RTM were completed in this order, in two separate sessions (January 2016 and 

April 2016, respectively). 

In the 4C-RTM, cut-off scores were determined as the worst scores achieved by the 

controls minus two more points for all experimental tasks (Bartolo, Cubelli, Della Sala, & 

Drei, 2003), and in the FC-RTM, the presence of a difference between conditions was 

examined using the non-parametric Cochran’s Q test for binary responses. 

Results. In the 4C-RTM, VF made 3 errors (7/10), but her performance was in normal 

range (cut off score = 6). She failed 3 items (i.e., plug, hammer, bottle opener) that were not 

the same as those failed in the semantic matching tasks. In the FC-RTM task, the accuracy of 
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VF to distinguish correct from incorrect postures was 78% (31/40), high above from chance 

level (binomial z = 3.32, p < .001). Furthermore, we found a significant difference between 

each type of posture accuracy, Q(3) = 9.32, p < .05, indicating that the errors made by VF 

were not distributed uniformly across all the conditions. Whereas VF categorized accurately 

the Target and Impossible conditions (10/10 and 9/10, respectively), she encountered more 

difficulties for the Active part condition (7/10) and furthermore for the Uncomfortable hand 

posture condition (5/10). 

Discussion. VF performed in normal range for the 4C-RTM task, suggesting, at first 

glance, that manipulation knowledge is spared. An account of the gestural deficit of VF (i.e., 

accurate discrimination of hand postures while impaired execution of hand postures) would be 

explained by an impaired access to manipulation knowledge (Gonzalez Rothi, Ochipa, & 

Heilman, 1991; Heilman, Rothi, & Valenstein, 1982). However, when examining the results 

obtained in the FC-RTM task, we found that VF was able to classify without difficulties 

correct and impossible postures but encountered more difficulties for more ambiguous hand 

postures (i.e., uncomfortable hand postures). In the case of familiar objects, most apraxic 

patients are impaired in gesture recognition as well as in gesture production, indicating 

damage to the representation underlying knowledge of appropriate hand postures for 

functional object interactions (Buxbaum et al., 2003). 

3.3.3. Mechanical Problem-solving task. 

The interaction between the tool and the object may depend on mechanical knowledge 

(Goldenberg & Hagmann, 1998; Jarry et al., 2013; Osiurak, Jarry, & Le Gall, 2010). 

Mechanical knowledge can be assessed using mechanical problem-solving tasks in which 

patients have to select and use tools for which there is no pre-existing usage (e.g., choosing a 

tool to lever a cylinder; Goldenberg & Hagmann, 1998). 
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Method. VF was presented successively with three mechanical problem-solving tasks 

previously described in Lesourd et al. (2016). In the choice condition (MPS-C), she was 

instructed to extract a red wooden target out from a transparent box, using her both hands and 

one or more tools to be selected among eight rods offering different mechanical properties 

(e.g., long/short, rigid/bendable). In the no-choice condition (MPS-NC), only one relevant 

tool was proposed to VF with each box. The time limit was set to 3 minutes per item and 

performance was scored on a 3-point scale: (3) The target is extracted from the box; (2) The 

first step of the problem is completed; (1) The target has been reached with a rod but the first 

step is not completed; (0) The participant does not reach the target. The maximum total score 

was 9 (i.e., 3 problems x 3 points). Additionally, in the choice condition, we also assessed the 

strategy used by VF by recording the time spent in 4 conditions: (1) Interacting the tool with 

the box (Tool-box); (2) Manipulating the tool in isolation (Tool), (3) Manipulating the box in 

isolation (Box); and (4) No action (No action). This procedure has been previously used 

(Lesourd et al., 2016; Osiurak, Jarry, Lesourd, Baumard, & Le Gall, 2013) and results showed 

distinct pattern of time spent in each condition between brain damaged patients and controls. 

Results. For both MPS-C and MPS-NC, VF performed in normal range (MPS-C: 7/9, 

cut-off score: 7/9 and MPS-NC: 8/9, cut-off score: 7/9). Moreover, in the MPS-C, we found 

the same pattern of time spent in each condition between VF and Controls: Tool-box (VF: M 

= 54%, Controls: M = 43%, SD = 11; modified-t = .91, p = .21), Tool (VF: M = 26%, 

Controls: M = 24%, SD = 13; modified-t = .14, p = .45), Box (VF: M = 12%, Controls: M = 

21%, SD = 13; modified-t = -.63, p = .28) and No action (VF: M = 9%, Controls: M = 11%, 

SD = 7; modified-t = -.26, p = .40). Moreover, the mean completion time did not differ 

between VF and controls (VF: M = 96s, Controls: M = 49s, SD = 47, modified-t = .91, p = 

.21). Finally, VF grasped a similar number of tools compared to Controls during the task (VF: 

M = 2.67, Controls: M = 2, SD = 1.21, modified-t = .51, p = .32), importantly, she did not 
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grasp more irrelevant tools compared to controls (VF: M = 0, Controls: M = .25, SD = .45, 

modified-t = -.51, p = .32). 

Discussion. VF performed normally in both MPS-C and MPS-NC tasks, which 

suggests that VF understood the mechanical interactions needed to solve the task. Moreover, 

she showed the same pattern of strategy compared to controls (i.e., more time spent in the 

Tool-box condition), which is interesting given that previous studies found that apraxic 

patients failed this kind of task (Goldenberg & Hagmann, 1998; Jarry et al., 2013) and 

showed a particular pattern of strategy (i.e., same amount of time spent in each condition; 

Osiurak et al., 2013). Mechanical knowledge, a crucial form of representation supporting tool 

use, seems to be spared in VF. 

3. General discussion 

In the present study, we reported the case of VF, a left-handed patient, who presented a 

severe apraxia following a cerebrovascular accident involving a wide part of her right 

hemisphere. One of the main findings is that VF who presented a high frequency of hand 

posture errors does not show a severe deficit of manipulation knowledge. Thus, the deficit of 

hand posture observed in VF may not be caused by impaired manipulation knowledge. Here 

we found that VF produced a significant number of hand posture errors even with the tool in 

hand, instead of LBD apraxic patients who significantly improved their performance with the 

tool in hand (i.e., single tool use and real tool use tasks). Thus, the predictions of the MBA 

seem to be limited to the pantomime of tool use task, as the presence of hand posture errors 

are atypical once the tool has been grasped (Osiurak, Aubin, Allain, Jarry, Etcharry-Bouyx, et 

al., 2008; Randerath et al., 2009), except for some rare cases described in the literature (e.g., 

patient LL; Sirigu et al., 1995). Regarding the status of manipulation knowledge in VF, if we 

assume that the presence of hand posture errors is the hallmark of impaired manipulation 

knowledge according to the MBA, we found that VF was still able to use familiar tools with 
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their corresponding objects. This is another limit for this approach as it questions the role and 

the importance of manipulation knowledge to explain tool use situations and particularly real 

tool use situations which are the most frequent in everyday life. 

As mentioned juste above, another finding of the present study was the presence of a 

dissociation between high frequency of hand posture errors and few action errors in VF. In 

line with the RBA that hypothesizes that mechanical knowledge is essential to use familiar 

and novel tools (Osiurak & Badets, 2016; Osiurak et al., 2010, 2011), we found that VF had 

spared mechanical knowledge. Additionally, the RBA posits that in a situation where a tool 

has to be used with an object, the technical reasoning process generates a mental simulation of 

how the tool has to be used with an object (i.e., expected perceptual effect) and is followed by 

a simulation of the potential motor actions (i.e., motor simulation) which evaluate the costs 

associated with the intended tool-use actions. It is therefore possible that VF cannot adapt the 

mental simulation via motor simulation to the situation of tool use and would explain why VF 

produced a significant number of hand posture errors in absence of action errors. Thus, a 

dissociation between the mental simulation originating from technical reasoning process and 

motor simulation is a good candidate to explain the deficit observed here but further studies 

are needed to test this hypothesis.  

So far, we have not discussed the pattern of performance (i.e., behavioral and cognitive) 

observed in VF in association with the side of the lesion. If the extent of the lesion did not 

allow to make specific neurocognitive hypotheses, we can still discuss the potential 

involvement of the right hemisphere in supporting praxis functions. Indeed, the patient is left-

lateralized for language functions and showed a severe apraxia following a right-brain lesion, 

which is atypical. To better understand the role of the right hemisphere, we proposed three 

potential brain organization in the introduction, that we will now discuss in turn. 
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First, we considered a co-dominance of the left hemisphere for praxis and language 

functions in VF. There is now strong evidence for co-occurrence of language and praxis 

lateralization, whatever the handedness (Vingerhoets et al., 2012, 2013). Moreover, according 

to the MBA, impaired manipulation knowledge is more likely to occur following a left-brain 

lesion rather than a right-brain lesion (Buxbaum, 2001; see also Buxbaum, Shapiro, & 

Coslett, 2014). VF is left-lateralized for language, thus suggesting that praxis functions may 

also be left-lateralized. In line with this hypothesis, we found that mechanical and functional 

knowledge were spared in VF. However, the sub-normal results in recognition of tool-gesture 

manipulation task and the high frequency of hand posture errors both suggested that 

manipulation knowledge was not completely spared. In broad terms, it is unlikely that 

manipulation knowledge relies only upon the left hemisphere. This cerebral organization does 

not seem to apply to VF. 

Second, we considered a left-lateralization for language and a right-lateralization of praxis 

functions in VF. Only two cases of left-handed apraxic patients following right-brain lesions 

have been described in the literature. Margolin (1980) described the case of a left-handed 

patient without aphasia suffering from apraxia and agraphia following a large right 

hemisphere infarct. Ochipa and colleagues (1989) reported a similar case of a left-handed 

patient who showed a deficit of manipulation knowledge4 following a right-brain infarct. In a 

fMRI study on left-handed healthy subjects (Króliczak et al., 2011), only 7% of participants 

(n = 1/15; Subject 5) showed a left-lateralization for language and a right-lateralization for 

praxis, confirming the rareness of this cerebral organization for praxis and language functions. 

 

 

4 At the time, Ochipa and colleagues (1989) interpreted the deficit of their patient in terms of “a loss of 

knowledge related to tool use”, which refers to the current concept of manipulation knowledge.   
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In line with this cerebral organization, VF did not present any evidence of aphasia in the 

neuropsychological evaluation and brain activations were mainly observed in the left 

hemisphere during denomination tasks. Furthermore, VF presented important signs of apraxia 

(e.g., pantomime of tool use, imitation of gestures, hand posture errors during tool use, etc.) 

following right-brain lesion, leading us to suggest that control mechanisms for language and 

praxis functions could be anatomically and functionally distinct. However, if the praxis 

system was right-lateralized in VF, then functional knowledge and mechanical knowledge 

would have been both impaired, but this not what we found, making this proposal unlikely.  

Third, we considered a left-lateralization of language and a bilateral organization of praxis 

functions in VF. In the aforementioned work of Króliczak and colleagues (2011), one left-

handed subject (i.e., Subject 4) showed a left-lateralization for language and a bilateral 

organization of praxis functions. Moreover, if several fMRI meta-analyses have stressed the 

left-lateralization of the representations supporting tool use, they also have acknowledged the 

presence of significant activation in bilateral pMTG (Ishibashi et al., 2016; Lewis, 2006; 

Reynaud et al., 2016), a brain structure associated to the ability to retrieve and identify the 

correct object-related gesture (Kalénine, Buxbaum, & Coslett, 2010) and to produce postural 

aspects of tool-related actions (Buxbaum et al., 2014). This suggests that right pMTG may 

also represent, at least in part, some aspects of manipulation knowledge. In VF, assuming a 

bilateral organization of praxis functions, all the representations supporting tool use should 

have been impacted following a right brain lesion. This is what we observed with 

manipulation knowledge but not with functional and mechanical knowledge, which were both 

preserved. An alternative account of bilateral organization is to postulate that praxis functions 

are fractionated and could be distributed distinctively across both hemispheres. In the present 

case, manipulation knowledge may rely upon both hemispheres, whereas mechanical and 

functional knowledge may be both relying upon the left hemisphere. Thus, the latter proposal 
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well explained the pattern of results observed in VF. However, considering a bilateral 

representation of manipulation knowledge, there is still a discrepancy between the moderate 

level of impairment of manipulation knowledge and the high frequency of hand posture 

errors. Moreover, because her contralateral left hemisphere should contribute to the neural 

substrate of manipulation knowledge, VF should present less hand posture errors compared to 

LBD apraxic patients in single and real tool use tasks, but this was not the case. In addition to 

that, in the grasping to use task, VF produced more non-functional grips compared to the 

results from the literature in both LBD and RBD patients (Osiurak, Aubin, Allain, Jarry, 

Etcharry-Bouyx, et al., 2008; Randerath et al., 2009). 

According to the rareness of the observation reported here, one may assume that VF is not 

apraxic but suffers from optic ataxia, given that the differential diagnosis between optic ataxia 

and apraxia is sometimes difficult. Optic ataxia has been interpreted as an impairment of real-

time automatic adjustments (Rossetti, Pisella, & McIntosh, 2017; Rossetti, Pisella, & 

Vighetto, 2003) following lesions in the superior parietal lobe (BA7) and precuneus. Patients 

with optic ataxia can exhibit grasping deficits in that they demonstrate poorly scaled grip 

aperture, yet grasping can be selectively impaired (Jeannerod, Decety, & Michel, 1994). 

However, we showed that VF did not suffer from a performance of basic visuomotor 

guidance, her movements were smooth, and she was able to perfectly scale her grip aperture 

in accordance with the size of objects she had to grasp. VF had a large brain lesion, but the 

anatomical data showed that the SPL (BA5/7) was spared in both hemispheres. Moreover, VF 

showed a deficit for shaping her hand while using familiar tools, as it has been previously 

observed in the patient LL (Sirigu et al., 1995). At the time, Sirigu et al. (1995) argued in 

favor of the existence of a central store for manual postures, which was the starting point of 

the MBA (Buxbaum, 2001), for whom, a deficit of hand posture was a hallmark of ideomotor 

apraxia. VF was also strongly impaired when she had to produce pantomime of tool use on 
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visual presentation of the tool, a task traditionally used to assess the presence of apraxia 

(Goldenberg, 2009). Thus, we can rule out the possibility that VF suffered from optic ataxia 

and we can even conclude that VF was presenting apraxia, with the inability to correctly 

shape her hand for grasping familiar tools.  

Another interesting question concerns the potential association between the loss of manual 

dexterity of the left hand and the deficit of hand posture. One may assume that the production 

of incorrect hand postures by VF could be explained by a loss of manual dexterity. For 

instance, in the grasping to use task, the patient produces more non-functional grips with the 

left hand, even if there was only a trend to significance for the interaction between type of 

grip and hand laterality. However, we did not find any association for both hands between the 

grip produced by VF (functional vs non-functional) and the grip associated with a given tool 

(power vs precision). Thus, the loss of manual dexterity cannot explain on its own the number 

of non-functional grips made by VF. Furthermore, we found that the deficit of hand posture 

was observed only for familiar tools, whereas a loss of dexterity would have impacted also 

novel tools (i.e., grasp to transport and mechanical problem-solving tasks). Finally, if VF 

produced hand posture errors, she did not commit action errors. Nevertheless, one may 

stipulate that a loss of dexterity should impact the real use of tools and may have caused 

action errors. For instance, in corticobasal degeneration, a pathology associated with a loss of 

manual dexterity to the contralateral hand to the brain lesion (Litvan et al., 1999), patients are 

impaired for using both familiar and novel tools (Baumard et al., 2016). Thus, the loss of 

manual dexterity seems to play, at best, a minor role on the deficit of hand postures reported 

in the present case. 

4. Conclusion 

In the present work, we reported the atypical case of a left-handed patient, left-

lateralized for language, who showed a severe apraxia following a right-brain lesion (see also 
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Margolin, 1980). Interestingly, the performance of VF called for a striking dissociation 

between tool-hand representations and tool-object representations. Our investigation pointed 

out the limits of the MBA by questioning the link between manipulation knowledge and (1) 

hand posture; (2) situations of real tool use. Our investigation also revealed that VF was 

probably neither left-lateralized nor right-lateralized for praxis functions but nevertheless 

showed evidence for a bilateral organization. In fact, irrespective of the possible cerebral 

lateralization of praxis functions examined in VF, none of them was satisfactory to explain 

the association between manipulation knowledge and hand posture errors. Finally, we found 

that the RBA was an interesting alternative account to explain VF’s performance, but further 

studies are needed to confirm his predictions. 

  

Additional information 

We confirmed that no part of the study procedures or analyses were pre-registered prior to the 

research being conducted. 

 

  



Tool use and hand posture 

 
 

32 

 

References 

Amunts, K., Weiss, P. H., Mohlberg, H., Pieperhoff, P., Eickhoff, S., Gurd, J. M., … Zilles, 

K. (2004). Analysis of neural mechanisms underlying verbal fluency in 

cytoarchitectonically defined stereotaxic space - The roles of Brodmann areas 44 and 45. 

NeuroImage, 22(1), 42–56. https://doi.org/10.1016/j.neuroimage.2003.12.031 

Anicet, L., Calais, G., Lefeuvre, M., & Rousseaux, M. (2007). TLA - test lillois d’apraxie 

gestuelle. (Isbergues, Ed.). Ortho Edition. 

Baddeley, A. D., Emslie, H., & Nimmo-Smith, I. (1994). The Doors and People Test: A test 

of visual and verbal recall and recognition. Bury St. Edmunds, UK: Thames Valley Test 

Company. 

Baumard, J., Lesourd, M., Jarry, C., Merck, C., Etcharry-Bouyx, F., Chauviré, V., … Le Gall, 

D. (2016). Tool use disorders in neurodegenerative diseases: Roles of semantic memory 

and technical reasoning. Cortex, 82, 119–132. 

https://doi.org/10.1016/j.cortex.2016.06.007 

Baumard, J., Osiurak, F., Lesourd, M., & Le Gall, D. (2014). Tool use disorders after left 

brain damage. Frontiers in Psychology, 5, 1–12. 

https://doi.org/10.3389/fpsyg.2014.00473 

Boronat, C. B., Buxbaum, L. J., Coslett, H. B., Tang, K., Saffran, E. M., Kimberg, D. Y., & 

Detre, J. A. (2005). Distinctions between manipulation and function knowledge of 

objects: Evidence from functional magnetic resonance imaging. Cognitive Brain 

Research, 23(2–3), 361–373. https://doi.org/10.1016/j.cogbrainres.2004.11.001 

Buchmann, I., & Randerath, J. (2017). Selection and application of familiar and novel tools in 

patients with left and right hemispheric stroke: Psychometrics and normative data. 

Cortex, 94, 49–62. https://doi.org/10.1016/j.cortex.2017.06.001 



Tool use and hand posture 

 
 

33 

Burgess, P. W., & Shallice, T. (1997). The Hayling and Brixton tests. Bury St. Edmunds, UK: 

Thames Valley Test Company. 

Buxbaum, L. J. (2001). Ideomotor apraxia: a call to action. Neurocase, 7, 445–448. 

Buxbaum, L. J., Giovannetti, T., & Libon, D. (2000). The role of the dynamic body schema in 

praxis: Evidence from primary progressive apraxia. Brain and Cognition, 44(2), 166–

191. https://doi.org/10.1006/brcg.2000.1227 

Buxbaum, L. J., Kyle, K., Grossman, M., & Coslett, H. B. (2007). Left inferior parietal 

representations for skilled hand-object interactions: Evidence from stroke and 

corticobasal degeneration. Cortex, 43(3), 411–423. https://doi.org/10.1016/S0010-

9452(08)70466-0 

Buxbaum, L. J., Shapiro, A. D., & Coslett, H. B. (2014). Critical brain regions for tool-related 

and imitative actions: A componential analysis. Brain, 137(7), 1971–1985. 

https://doi.org/10.1093/brain/awu111 

Buxbaum, L. J., Sirigu, A., Schwartz, M. F., & Klatzky, R. (2003). Cognitive representations 

of hand posture in ideomotor apraxia. Neuropsychologia, 41(8), 1091–1113. 

https://doi.org/10.1016/S0028-3932(02)00314-7 

Canessa, N., Borgo, F., Cappa, S. F., Perani, D., Falini, A., Buccino, G., … Shallice, T. 

(2008). The different neural correlates of action and functional knowledge in semantic 

memory: An fMRI study. Cerebral Cortex, 18(4), 740–751. 

https://doi.org/10.1093/cercor/bhm110 

Caspers, S., Geyer, S., Schleicher, A., Mohlberg, H., Amunts, K., & Zilles, K. (2006). The 

human inferior parietal cortex: Cytoarchitectonic parcellation and interindividual 

variability. NeuroImage, 33(2), 430–448. 

https://doi.org/10.1016/j.neuroimage.2006.06.054 

Corsi, P. M. (1972). Human memory and the medial temporal region of the brain. McGill 



Tool use and hand posture 

 
 

34 

University, Montreal, Canada. 

Crawford, J. R., & Garthwaite, P. H. (2002). Investigation of the single case in 

neuropsychology: Confidence limits on the abnormality of test scores and test score 

differences. Neuropsychologia, 40(8), 1196–1208. https://doi.org/10.1016/S0028-

3932(01)00224-X 

Crawford, J. R., & Garthwaite, P. H. (2005). Testing for suspected impairments and 

dissociations in single-case studies in neuropsychology: Evaluation of alternatives using 

Monte Carlo simulations and revised tests for dissociations. Neuropsychology, 19(3), 

318–331. https://doi.org/10.1037/0894-4105.19.3.318 

Crawford, J. R., & Howell, D. C. (1998). Comparing an Individual’s Test Score Against 

Norms Derived from Small Samples. The Clinical Neuropsychologist (Neuropsychology, 

Development and Cognition: Section D), 12(4), 482–486. 

https://doi.org/10.1076/clin.12.4.482.7241 

De Renzi, E., & Faglioni, P. (1978). Normative data and screening power of a shortened 

version of the Token Test. Cortex, 14, 41–49. 

De Renzi, E., & Lucchelli, F. (1988). Ideational apraxia. Brain, 111, 1173–1185. 

Delis, D. C., Kramer, J. H., Kaplan, E., & Ober, B. A. (1987). CVLT, California Verbal 

Learning Test: Adult version: Manual. Psychological Corporation. 

Eickhoff, S. B., Stephan, K. E., Mohlberg, H., Grefkes, C., Fink, G. R., Amunts, K., & Zilles, 

K. (2005). A new SPM toolbox for combining probabilistic cytoarchitectonic maps and 

functional imaging data. NeuroImage, 25(4), 1325–1335. 

https://doi.org/10.1016/j.neuroimage.2004.12.034 

Gagnepain, J. (1990). Du vouloir dire. Traité d’épistémologie des sciences humaines I. Du 

signe. De l’outil. Paris: Livre et communication. 

Gauthier, L., Dehaut, F., & Joanette, Y. (1989). The Bells Test: A quantitative and qualitative 



Tool use and hand posture 

 
 

35 

test for visual neglect. International Journal of Clinical Neuropsychology, 11, 49–54. 

Goldenberg, G. (2009). Apraxia and the parietal lobes. Neuropsychologia, 47(6), 1449–1459. 

https://doi.org/10.1016/j.neuropsychologia.2008.07.014 

Goldenberg, G. (2013a). Apraxia. Oxford: Oxford University Press. 

https://doi.org/10.1093/acprof:oso/9780199591510.001.0001 

Goldenberg, G. (2013b). Apraxia in left-handers. Brain, 136(8), 2592–2601. 

https://doi.org/10.1093/brain/awt181 

Goldenberg, G., & Hagmann, S. (1997). The meaning of meaningless gestures: A study of 

visuo-imitative apraxia. Neuropsychologia, 35(3), 333–341. 

https://doi.org/10.1016/S0028-3932(96)00085-1 

Goldenberg, G., & Hagmann, S. (1998). Tool use and mechanical problem solving in apraxia. 

Neuropsychologia, 36(7), 581–589. https://doi.org/S0028-3932(97)00165-6 [pii] 

Goldenberg, G., & Spatt, J. (2009). The neural basis of tool use. Brain, 132(6), 1645–1655. 

https://doi.org/10.1093/brain/awp080 

Gonzalez Rothi, L. J., Ochipa, C., & Heilman, K. M. (1991). A cognitive neuropsychological 

model of limb apraxis. Cognitive Neuropsychology, 8, 443–458. 

Hayakawa, Y., Fuji, T., Yamadori, A., Meguro, K., & Suzuki, K. (2015). A case with apraxia 

of tool use: selective inability to form a hand posture for a tool. Brain and Nerve, 67(3), 

306–311. https://doi.org/10.11477/mf.1416200138 

Heilman, K. M., Rothi, L. J., & Valenstein, E. (1982). Two forms of Ideomotor Apraxia. 

Neurology, 32, 342–346. 

Hodges, J. R., Bozeat, S., Lambon Ralph, M. A., Patterson, K., & Spatt, J. (2000). The role of 

conceptual knowledge in object use: evidence from semantic dementia. Brain, 123, 

1913–1925. 

Ishibashi, R., Pobric, G., Saito, S., & Lambon Ralph, M. A. (2016). The neural network for 



Tool use and hand posture 

 
 

36 

tool-related cognition: An activation likelihood estimation meta-analysis of 49 

neuroimaging studies. Cognitive Neuropsychology, 33(3–4), 241–256. 

https://doi.org/10.1080/02643294.2016.1188798 

Jarry, C., Osiurak, F., Besnard, J., Baumard, J., Lesourd, M., Croisile, B., … Le Gall, D. 

(2016). Tool use in left brain damage and Alzheimer’s disease: What about function and 

manipulation knowledge? Journal of Neuropsychology, 10(1), 154–159. 

https://doi.org/10.1111/jnp.12097 

Jarry, C., Osiurak, F., Delafuys, D., Chauviré, V., Etcharry-Bouyx, F., & Le Gall, D. (2013). 

Apraxia of tool use: More evidence for the technical reasoning hypothesis. Cortex, 49(9), 

2322–2333. https://doi.org/10.1016/j.cortex.2013.02.011 

Jeannerod, M., Decety, J., & Michel, F. (1994). Impairment of grasping movements following 

a bilateral posterior parietal lesion. Neuropsychologia, 32(4), 369–380. 

https://doi.org/10.1016/0028-3932(94)90084-1 

Joliot, M., Jobard, G., Naveau, M., Delcroix, N., Petit, L., Zago, L., … Tzourio-mazoyer, N. 

(2015). AICHA : An atlas of intrinsic connectivity of homotopic areas. Journal of 

Neuroscience Methods, 254, 46–59. https://doi.org/10.1016/j.jneumeth.2015.07.013 

Kalénine, S., Buxbaum, L. J., & Coslett, H. B. (2010). Critical brain regions for action 

recognition: Lesion symptom mapping in left hemisphere stroke. Brain, 133(11), 3269–

3280. https://doi.org/10.1093/brain/awq210 

Króliczak, G., Piper, B. J., & Frey, S. H. (2011). Atypical lateralization of language predicts 

cerebral asymmetries in parietal gesture representations. Neuropsychologia, 49(7), 1698–

1702. https://doi.org/10.1016/j.neuropsychologia.2011.02.044 

Le Gall, D. (1998). Des apraxies aux atechnies. Proposition pour une ergologie clinique. 

Bruxelles: De Boeck Université. 

Lesourd, M., Baumard, J., Jarry, C., Etcharry-Bouyx, F., Belliard, S., Moreaud, O., … 



Tool use and hand posture 

 
 

37 

Osiurak, F. (2016). Mechanical problem-solving strategies in Alzheimer’s disease and 

semantic dementia. Neuropsychology, 30(5), 612–623. 

https://doi.org/10.1037/neu0000241 

Lesourd, M., Baumard, J., Jarry, C., Etcharry-Bouyx, F., Belliard, S., Moreaud, O., … 

Osiurak, F. (2017). Rethinking the Cognitive Mechanisms Underlying Pantomime of 

Tool Use: Evidence from Alzheimer’s Disease and Semantic Dementia. Journal of the 

International Neuropsychological Society, 23(2), 128–138. 

https://doi.org/10.1017/S1355617716000618 

Lesourd, M., Baumard, J., Jarry, C., Le Gall, D., & Osiurak, F. (2017). A cognitive-based 

model of tool use in normal aging. Aging, Neuropsychology, and Cognition, 24(4), 1–24. 

https://doi.org/10.1080/13825585.2016.1218822 

Lesourd, M., Osiurak, F., Baumard, J., Bartolo, A., Vanbellingen, T., & Reynaud, E. (2018). 

Cerebral correlates of imitation of intransitive gestures: An integrative review of 

neuroimaging data and brain lesion studies. Neuroscience & Biobehavioral Reviews, 95, 

44–60. https://doi.org/10.1016/j.neubiorev.2018.07.019 

Lewis, J. W. (2006). Cortical networks related to human use of tools. Neuroscientist, 12(3), 

211–231. https://doi.org/10.1177/1073858406288327 

Litvan, I., Grimes, D. A., Lang, A. E., Jankovic, J., McKee, A., Verny, M., … Pearce, R. K. 

B. (1999). Clinical features differentiating patients with postmortem confirmed 

progressive supranuclear palsy and corticobasal degeneration. Journal of Neurology, 

246(S2), II1–II5. https://doi.org/10.1007/BF03161075 

Margolin, D. I. (1980). Right Hemisphere Dominance for Praxis and Left Hemisphere 

dominance for speech in a Left-Hander. Neuropsychologia, 18, 715–719. 

Michael, G. A. (2007). A significance test of interaction in 2 × K designs with proportions. 

Tutorials in Quantitative Methods for Psychology, 3(1), 1–7. 



Tool use and hand posture 

 
 

38 

Niessen, E., Fink, G. R., & Weiss, P. H. (2014). Apraxia, pantomime and the parietal cortex. 

NeuroImage: Clinical, 5, 42–52. https://doi.org/10.1016/j.nicl.2014.05.017 

Ochipa, C., Rothi, L. J., & Heilman, K. M. (1989). Ideational apraxia: a deficit in tool 

selection and use. Annals of Neurology, 25(2), 190–193. 

https://doi.org/10.1002/ana.410250214 

Oldfield, R. C. (1971). The assessment and analysis of handedness: the Edinburgh inventory. 

Neuropsychologia, 9, 97–113. 

Osiurak, F. (2014). What neuropsychology tells us about human tool use? The four 

constraints theory (4CT): Mechanics, space, time, and effort. Neuropsychology Review, 

24(4), 88–115. https://doi.org/10.1007/s11065-014-9260-y 

Osiurak, F., Aubin, G., Allain, P., Jarry, C., Etcharry-Bouyx, F., Richard, I., & Le Gall, D. 

(2008). Different constraints on grip selection in brain-damaged patients: Object use 

versus object transport. Neuropsychologia, 46(9), 2431–2434. 

https://doi.org/10.1016/j.neuropsychologia.2008.03.018 

Osiurak, F., Aubin, G., Allain, P., Jarry, C., Richard, I., & Le Gall, D. (2008). Object 

utilization and object usage: A single-case study. Neurocase, 14(2), 169–183. 

https://doi.org/10.1080/13554790802108372 

Osiurak, F., & Badets, A. (2016). Tool use and affordance: Manipulation-based versus 

reasoning-based approaches. Psychological Review, 123(5), 534–568. 

https://doi.org/10.1037/rev0000027 

Osiurak, F., Jarry, C., Allain, P., Aubin, G., Etcharry-Bouyx, F., Richard, I., … Le Gall, D. 

(2009). Unusual use of objects after unilateral brain damage. The technical reasoning 

model. Cortex, 45(6), 769–783. https://doi.org/10.1016/j.cortex.2008.06.013 

Osiurak, F., Jarry, C., & Le Gall, D. (2010). Grasping the affordances, understanding the 

reasoning: toward a dialectical theory of human tool use. Psychological Review, 117(2), 



Tool use and hand posture 

 
 

39 

517–540. https://doi.org/10.1037/a0019004 

Osiurak, F., Jarry, C., & Le Gall, D. (2011). Re-examining the gesture engram hypothesis. 

New perspectives on apraxia of tool use. Neuropsychologia, 49(3), 299–312. 

https://doi.org/10.1016/j.neuropsychologia.2010.12.041 

Osiurak, F., Jarry, C., Lesourd, M., Baumard, J., & Le Gall, D. (2013). Mechanical problem-

solving strategies in left-brain damaged patients and apraxia of tool use. 

Neuropsychologia, 51(10), 1964–1972. 

https://doi.org/10.1016/j.neuropsychologia.2013.06.017 

Peirce, J. W. (2007). PsychoPy-Psychophysics software in Python. Journal of Neuroscience 

Methods, 162(1–2), 8–13. https://doi.org/10.1016/j.jneumeth.2006.11.017 

Randerath, J., Goldenberg, G., Spijkers, W., Li, Y., & Hermsdörfer, J. (2010). Different left 

brain regions are essential for grasping a tool compared with its subsequent use. 

NeuroImage, 53(1), 171–180. https://doi.org/10.1016/j.neuroimage.2010.06.038 

Randerath, J., Li, Y., Goldenberg, G., & Hermsdörfer, J. (2009). Grasping tools: Effects of 

task and apraxia. Neuropsychologia, 47(2), 497–505. 

https://doi.org/10.1016/j.neuropsychologia.2008.10.005 

Reynaud, E., Lesourd, M., Navarro, J., & Osiurak, F. (2016). On the NeuroCognitive Origins 

of Human Tool Use A Critical Review of NeuroImaging Data. Neuroscience & 

Biobehavioral Reviews, 64, 421–437. https://doi.org/10.1016/j.neubiorev.2016.03.009 

Rosenbaum, D. A., Marchak, F., Barnes, H. J., Vaughan, J., Slotta, J., & Jorgensen, M. 

(1990). Constraints for action selection: overhand versus underhand grips. In M. 

Jeannerod (Ed.), Attention and performance XIII (pp. 321–342). Hillsdale, NJ: Erlbaum. 

Rossetti, Y., Pisella, L., & McIntosh, R. D. (2017). Rise and fall of the two visual systems 

theory. Annals of Physical and Rehabilitation Medicine, 60(3), 130–140. 

https://doi.org/10.1016/j.rehab.2017.02.002 



Tool use and hand posture 

 
 

40 

Rossetti, Y., Pisella, L., & Vighetto, A. (2003). Optic ataxia revisited: visually guided action 

versus immediate visuomotor control. Experimental Brain Research, 153(2), 171–179. 

https://doi.org/10.1007/s00221-003-1590-6 

Roy, E. A., & Square, P. A. (1985). Common considerations in the study of limb, verbal and 

oral apraxia. In E. A. Roy (Ed.), Neuropsychological studies of apraxia and related 

disorders (pp. 111–161). Amsterdam: Elsevier. 

Scheperjans, F., Eickhoff, S. B., Homke, L., Mohlberg, H., Hermann, K., Amunts, K., & 

Zilles, K. (2008). Probabilistic Maps, Morphometry, and Variability of Cytoarchitectonic 

Areas in the Human Superior Parietal Cortex. Cerebral Cortex, 18(9), 2141–2157. 

https://doi.org/10.1093/cercor/bhm241 

Scheperjans, F., Hermann, K., Eickhoff, S. B., Amunts, K., Schleicher, A., & Zilles, K. 

(2008). Observer-independent cytoarchitectonic mapping of the human superior parietal 

cortex. Cerebral Cortex, 18(4), 846–867. https://doi.org/10.1093/cercor/bhm116 

Sirigu, A., Cohen, L., Duhamel, J.-R., Pillon, B., Dubois, B., & Agid, Y. (1995). A Selective 

Impairment of Hand Posture for Object Utilization in Apraxia. Cortex, 31(1), 41–55. 

https://doi.org/10.1016/S0010-9452(13)80104-9 

Sunderland, A., Wilkins, L., Dineen, R., & Dawson, S. E. (2013). Tool-use and the left 

hemisphere: What is lost in ideomotor apraxia? Brain and Cognition, 81(2), 183–192. 

https://doi.org/10.1016/j.bandc.2012.10.008 

Taylor, E. M. (1969). Localisation of cerebral lesions by psychological testing. Clinical 

Neurosurgery, 16, 269–287. 

van Elk, M. (2014). The left inferior parietal lobe represents stored hand-postures for object 

use and action prediction. Frontiers in Psychology, 5, 1–12. 

https://doi.org/10.3389/fpsyg.2014.00333 

Vingerhoets, G., Acke, F., Alderweireldt, A. S., Nys, J., Vandemaele, P., & Achten, E. 



Tool use and hand posture 

 
 

41 

(2012). Cerebral lateralization of praxis in right- and left-handedness: Same pattern, 

different strength. Human Brain Mapping, 33(4), 763–777. 

https://doi.org/10.1002/hbm.21247 

Vingerhoets, G., Alderweireldt, A., Vandemaele, P., & Cai, Q. (2013). Praxis and language 

are linked : Evidence from co-lateralization in individuals with atypical language 

dominance. Cortex, 49(1), 172–183. https://doi.org/10.1016/j.cortex.2011.11.003 

Walter, B., Blecker, C., Kirsch, P., Sammer, G., Schienle, A., Stark, R., & Vaitl, D. (2003). 

MARINA: An easy to use tool for the creation of MAsks for Region of INterest 

Analyses [abstract]. Presented at the 9th International Conference on Functional 

Mapping of the Human Brain, June 19-22, 2003, New York, NY. 

Wechsler, D. (2008). Wechsler Adult Intelligence Scale - Fourth edition. San Antonio, TX: 

Pearson. 

 

  



Tool use and hand posture 

 
 

42 

Figures 

 
Figure 1. Manual prehension of a pair of scissors by VF who was asked to cut the piece of 

paper with the scissors (real tool use). The first three frames (a.-d.) show the behavior of VF 

during attempts at manipulating the tool and making interact the tool with the object. In the last 

two frames (d. and e.), VF correctly achieved the action (i.e., cutting the piece of paper) using 

an incorrect hand posture (i.e., hand posture error). 

 
Figure 2. On the left panel: T1-weighted axial slices of VF brain performed at the chronic 

stage of stroke (6 months after the stroke). On the right panel: Lesion extension (red color) 

was determined using the Marina (MAsks for Region of INterest Analysis; Walter et al., 

2003) atlas on the basis of a T1-weighted sequence and projected on a MNI template using 

MRIcroGL (https://www.mccauslandcenter.sc.edu/mricrogl/). Several probabilistic brain 

regions involved in tool use skills were projected on the MNI template: SPL (BA5/7; 

Scheperjans, Eickhoff, et al., 2008; Scheperjans, Hermann, et al., 2008), IPS (Scheperjans, 

Hermann, et al., 2008), IPL (AG and SMG; Caspers et al., 2006), IFG (BA44/45; Amunts et 

al., 2004) were selected from the Anatomy toolbox (Eickhoff et al., 2005) and pMTG were 

selected from the AICHA atlas (Joliot et al., 2015). Spared brain areas are colored in green 

whereas damaged brain areas are colored in yellow. SPL: Superior Parietal Lobe; IPS: 

Intraparietal Sulcus; AG: Angular Gyrus; SMG: Supramarginal Gyrus; IFG: Inferior Frontal 

Gyrus; pMTG: posterior Middle Temporal Gyrus. 

 
Figure 3. Scores of VF, LBD-A, LBD-NA and RBD patients on the hand posture, arm 

posture, amplitude and timing components during pantomime of tool use task (left panel) and 

single tool use task (right panel). The boxplots display the interquartile range (first quartile, 

median, third quartile). For the sake of clarity, we reported only statistical comparisons 

between VF and LBD-A patients for hand posture component. * p < .05 
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Figure 4. Scores of VF, LBD-A, LBD-NA and RBD patients for action accuracy (left 

panel) and hand posture accuracy (right panel) in the real tool use task in choice condition 

(RTU-C). The boxplots display the interquartile range (first quartile, median, third quartile). 

For the sake of clarity, we reported only statistical comparisons between VF and all three 

groups of patients. ns: non-significant, *** p < .001, ° p = .08. 

 
Figure 5. Apparatus used in the grasping to transport (A.) and in the grasping to use task 

(B.). Left hand and right hands were assessed in both tasks (only initial position of the right 

hand is showed here). In the gasping to use task, the handle of the tool can be presented either 

toward (B1.) or away (B2.) from the patient. In this example, if VF can grasp the hammer 

either with the thumb away from the active part of the tool (non-functional grip) or with the 

thumb toward the active part (functional grip). 

 
Figure 6. Scatter plot for maximum grasp size (thumb-index distance) as a function of the 

width of the object at grasped location for the left hand and the right hand. Each color 

represents a specific tool. 
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Fig.1 
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Fig.2 
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Fig.3 
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Fig.4 
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Fig.5 

 

 

  



Tool use and hand posture 

 
 

49 

Fig.6 
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