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ABSTRACT 

 

Introduction: The supplementary motor area (SMA) is frequently involved by brain tumours 

(particularly WHO grade II gliomas). Surgery in this area can be followed by the “SMA syndrome”, 

characterized by contralateral akinesia and mutism. Knowledge of the connections of the SMA can 

provide new insights on the genesis of the SMA syndrome, and a better understanding of the 

challenges related to operating in this region.  

Methods: White matter connections of the SMA were studied with both post-mortem dissection 

and Advance Diffusion Imaging tractography. Post-mortem dissections were performed according 

to the Klingler technique. Twelve specimens were fixed in 10% formalin and frozen at -15°C for 

two weeks. After thawing, dissection was performed with blunt dissectors. For Diffusion 

tractography, high-resolution diffusion imaging datasets from 10 adult healthy controls from the 

Human Connectome Project database  were used. Whole brain tractography was performed using a 

spherical deconvolution approach.  

Results: five main connections were identified in both post-mortem dissections and tractography 

reconstructions: 1) U-fibres running in the precentral sulcus, connecting the precentral gyrus and the 

SMA; 2) U-fibres running in the cingulate sulcus, connecting the SMA with the cingulate gyrus; 3) 

frontal “aslant” fascicle, directly connecting the SMA with the pars opercularis of the inferior 

frontal gyrus; 4) medial fibres connecting the SMA with the striatum;  5) SMA callosal fibres. Good 

concordance was observed between post-mortem dissections and Diffusion tractography. 

Conclusions: the SMA shows a wide range of white matter connections with motor, language and 

lymbic areas. Features of the SMA syndrome (akinesia and mutism) can be better understood on the 

basis of these findings.  
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INTRODUCTION 

The supplementary motor area (SMA) is an eloquent region of the brain that plays an important role 

in the planning, initiation and learning of complex motor functions.[1-4] The SMA in the dominant 

hemisphere is also involved in the initiation of speech.[5,6] From a surgical perspective,  the SMA 

is important as it is frequently involved by brain tumours; up to 10% of de novo glioblastomas and 

27% of WHO grade II gliomas occur in this region.[7] It is also a frequent surgical target for drug-

resistant frontal lobe epilepsy.[8] Surgery in this area can be followed by  the “SMA syndrome”, as 

originally described by Laplane,[9] characterized by contralateral akinesia and, for surgery in the 

dominant hemisphere, mutism or speech reduction (also referred to as “transcortical motor 

aphasia”). These symptoms tend to resolve over time, but can affect patients for several months and 

can occasionally be permanent.[6,10,11] Knowledge of the connections of the SMA can help to 

understand the pathogenesis of the SMA syndrome, providing the neurosurgeon with a better 

understanding of the challenges related to operating in this region, as well as offering patients a 

more accurate preoperative counselling.  

Although the connections of the SMA have been extensively studied in the primate, with a detailed 

analysis of the connections of the pre-SMA and SMA-proper,[12,13] limited data exist about the 

SMA connectivity in humans. The common method used to investigate the white matter in the 

primate is the autoradiography technique, where a neuronal tracer is injected in the area of interest 

and the connections of that particular area are then established with post-mortem histology.[14] In 

humans, two techniques are available to investigate white matter anatomy: post-mortem dissection 

and Diffusion tractography. Dissection of cadaveric specimens has been used for centuries to study 

the anatomy of the brain, including the tracts of white matter.[15] In recent years, the technique 

originally described by Klingler[16] has been revitalised in the neurosurgical community.[17] A 

modification of this technique has been recently suggested, with the aim of sparing the cortex 

during the dissection (so called “cortex-sparing” dissection).[18] The advantage is maintaining the 

three dimensional relationship between the fibre tracts and their cortical terminations, thus avoiding 

the loss of fundamental landmarks during the dissection.  Diffusor Tractography  is a relatively new 

MRI technique, and it is based on the principle that the diffusion of water molecules in white matter 

tracts is anisotropic, with the highest diffusivity occurring along the direction of fibres. Using 

mathematical models it is possible to estimate the one or more fibre orientations in each voxel and 

use this information to reconstruct the main white matter pathways with the unique advantage of 

investigating the white matter human anatomy in vivo.[19]  
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Diffusion Tensor Imaging and more advanced diffusion imaging methods have been used to study 

in human the connectivity of the SMA region, showing fibres connecting the SMA with the fronto-

opercular region ( area 44 or “Broca’s area) and  the striatum.[20-23] However, there is no study in 

the literature that has comprehensively reviewed the white matter fibres connecting the SMA and no 

study using post-mortem dissections has been dedicated to investigate this aspect. 

In this study for the first time we presented a combined approach to investigate the SMA 

connections, with post-mortem dissections and diffusion imaging performed in vivo on healthy 

volounteers. Original anatomical data about the SMA white matter connections are presented and 

discussed. 

 

METHODS 

Post-mortem dissections 

Post-mortem dissection of white matter fibres was performed according to the technique originally 

described by Klingler .[16] Twelve hemispheres in total were used for the present sudy (6 right, 6 

left). The specimens were fixed in 10% formalin solution for a minimum of three months. After 

removal of the pia-arachnoid membrane and cortical vessels, the hemispheres were frozen at -15ºC 

for 15 days. The water crystallization induced by the freezing process disrupts the structure of the 

gray matter (which has a high water content), thus making it easier to peel off the cortex from the 

underlying white matter. The freezing process also separates the white matter fibres, facilitating the 

dissection of the tracts. The specimens were washed under running water for several hours before 

performing the dissection. 

The superficial anatomy of each hemisphere was studied in detail, with identification of the sulci 

and gyri. The dissection was then started, with removal of the cortex and exposure of the underlying 

U-fibres (also known as intergyral or arcuate fibres). The white matter dissection was then 

completed in a stepwise manner, from lateral to medial and from medial to lateral. Wooden spatulas 

were used in the initial step of the dissection, to carefully remove the cortex. Once the U-fibres 

were identified, the dissection was performed using blunt metallic dissectors with different tip sizes. 

Care was taken to separate the fibres using the blunt edge of the instrument, thus avoiding the 

generation of spurious tracts. In addition, dissection were performed according to the “cortex-

sparing” technique recently described by Martino et al.[18] According to this technique, as much as 

possible of the cortex is preserved during the dissection, in order to maintain the three-dimensional 
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relationship between the fibres and their cortical terminations. Digital images were acquired during 

the dissection. 

 

MRI data 

High-resolution diffusion imaging datasets from 10 adult healthy controls from the Human 

Connectome Project (HCP) database (www.humanconnectome.org, Release Q2) were used for this 

study.  

Briefly, datasets were acquired with a voxel size of 1.25x1.25x1.25 mm, field of view = 210x210 

mm, 111 slices, TE = 89.50 ms, TR = 5520 ms, b-value = 1000, 2000, 3000 s/mm2, 90 directions 

per b-values and 18 non-diffusion-weighted volumes. In this study only data with a b-value of 2000 

s/mm2 was used. Data was pre-processed using the default HCP pre-processing pipeline(v.2), which 

includes correction for susceptibility, motion and eddy current distortions. Spherical deconvolution 

was then performed using the damped Richardson-Lucy (dRL) deconvolution algorithm.[24] 

Algorithm parameters were α=1.5, algorithm iteration = 400 and η=0.06 and ν=8 as regularization 

terms. Spherical Deconvolution Tractography was performed using a modified Euler Tractography 

algorithm[25] with a 45° angle threshold, an absolute HMOA threshold of 0.012 and relative 

threshold 7%.  

After whole brain-tractography, semi-automatic dissections of tracts were performed according to 

predefined cortical and subcortical regions. Starting from a SMA region pre-defined on the MNI 

space, non-linear transformations were calculated from MNI to each subject native space and 

applied on the SMA region. Other regions of interests were already available in the subject space as 

part of the HCP processing pipeline and derived from the structural data of each subject using 

freesurfer parcellation. Where required, exclusion regions of interest were manually placed to 

exclude remaining spurious or non-anatomically consistent streamlines. For each tract, binary maps 

were generated to identify voxels visited by at least one streamline and then averaged in the MNI 

space to generate visitation maps for each tract. In this study we investigated for both hemisphere 

connections between the SMA and the Inferior Frontal Gyrus (IFG), the Caudate nucleus, the 

Precentral Gyrus (PreCG) and the cingulate gyrus. 

Tract volume was use to estimate the lateralization index (LI) for each tract using the following 

formula: LI= (Tract Volume left – Tract Volume right)/((Tract Volume left + Tract Volume 

right)/2). Positive values indicate a left lateralization. For each tract, a one sample t-test on the LI 

was performed using Bonferroni correction with an adjusted alpha level of 0.0125 per test (i.e. 

0.05/4). A Shapiro-Wilk test was used to verify normal distribution of LI in all tracts. 
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RESULTS 

Each specimen was accurately examined and the major sulci and circonvolutions were identified. 

The central sulcus, dividing the PreCG and post-central (PoCG) gyri, was the initial landmark to be 

identified on the lateral convexity. The precentral sulcus, anterior to the PreCG, was used as the 

posterior border of the SMA. The superior frontal sulcus, separating the superior (SFG) and middle 

(MFG) frontal gyri, was considered as the infero-lateral border of the SMA.[22,23] On the medial 

aspect of the brain, the cingulate sulcus, separating the mesial aspect of the superior frontal gyrus 

(SFG) and the cingulate gyrus, represented the infero-medial border of the SMA. The anterior 

border was considered to be 5 cm in front of the precentral sulcus. The SMA is divided in pre-SMA 

and SMA-proper by a vertical line passing through the anterior commissure (VCA line). On the 

medial aspect of each hemisphere the VCA line was traced and the two regions of the SMA were 

identified (figure 1).   

Dissection of the lateral aspect of the SMA  

Short U-fibres 

After removal of the cortex, the first fibres to be exposed on the convexity of the hemisphere were 

short arcuate fibres connecting neighbouring gyri (also known as “U-fibres”). In particular, U-fibres 

were encountered in the depth of the precentral sulcus, connecting the posterior part of the SMA-

proper with the PreCG. The number and distribution of these fibres appeared to be variable, but a 

short arcuate fibre was always present in close proximity of the “hand knob” of the primary motor 

cortex. This is a “knob-like” portion of the PreCG corresponding to the middle knee of the central 

sulcus and representing the anatomical localisation of the motor hand area. Tractography showed 

consistently these connections bilaterally but without any lateralization (LI=-0.13±0.34, p-value = 

0.27).  Similarly, U-fibres were encountered in the depth of the superior frontal sulcus, connecting 

the lateral aspect of the SMA with the middle frontal gyrus (MFG) (figure 2, table 1). 

Frontal aslant tract 

Continuing the dissection of the lateral aspect of the frontal lobe a direct fibre tract running from the 

superior frontal gyrus to the pars opercularis of the IFG (area 44, according to Brodmann’s 

classification) was demonstrated. After removal of the MFG and partial removal of the IFG, 

longitudinal fibres of the Superior Longitudinal Fasciculus (SLF) were exposed. Deeper to the SLF, 

a vertical bundle of fibres, running from the SMA to the pars opercularis of the IFG was observed. 

This fascicle presented an oblique course between the SFG and IFG, and corresponded to the frontal 

aslant tract (FAT). The cortical termination of this tract in the SFG was at the boundary between the 
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pre-SMA and SMA-proper (figure 3). The tract was clearly demonstrated also with Diffusion 

tractography where a large number of streamlines projected to the IFG pars opercularis. Fewer 

projections also reached the pars triangularis of the IFG and the inferior PreCG. The tract was 

always visible on both hemispheres and showed a statically significant left lateralization 

(LI=0.38±0.31, p=0.003) (figure 3, table 1).  

 

Dissection of the medial aspect of the SMA 

Short U-fibres 

On the medial aspect of the hemisphere, another set of U-fibres was observed, running in the depth 

of the cingulate sulcus. These fibres connected the SMA to the cingulate gyrus, running 

perpendicular to the cingulate sulcus. Diffusion tractography confirmed the presence of extensive 

and bilateral connections between the SMA and the anterior portion of the cingulate gyrus (figure 

4). No significant lateralization was observed with tractography (LI=0.10±0.54, p=0.56) (table 1). 

Callosal fibres 

Dissecting the mesial aspect of the brain, after removal of the cingulate gyrus, vertical fibres of the 

corpus callosum were exposed. These callosal fibres, clearly observed also with Diffusion 

Tractography, came from both the pre-SMA and the SMA-proper and converged on the rostrum and 

anterior part of the body of the corpus callosum (figure 5).  

Corona radiata and striatal fibres 

Continuing the dissection from medial to lateral, after complete removal of the cingulate gyrus and 

partial removal of the corpus callosum, the caudate nucleus was exposed. At this level, two sets of 

fibres running vertically from both the SMA-proper and pre-SMA were identified. The first group 

to be encountered belonged to the corona radiata and continued inferiorly, with a slight oblique 

course, into the internal capsule. More laterally, another group of fibres converged directly onto the 

head and anterior body of the caudate nucleus. These fibres had a more vertical course and were 

situated more laterally to the callosal and corona radiata fibres. Diffusion tractography also showed 

connection between SMA and the head of the caudate nucleus (figure 6). However, the low number 

of streamlines and the rather disperse organization of this tract produced a high variability in the 

volume of this tract. No significant lateralization was observed (LI=0.45±0.69, p=0.10) (table 1). 
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Table 1: Tract volume and lateralization index for the Diffusion tractography results. Positive 
LI values indicate left lateralization. 

 

DISCUSSION 

To the best of our knowledge, the present study is the first in the literature dedicated to investigate 

the white matter connections of the SMA using both post-mortem dissections (according to the 

traditional Klingler technique and the “cortex-sparing” method) and advanced Diffusion 

tractography. Overall, a good concordance was found between the two methods. All the connections 

described were identified with both techniques, with similar trajectories and directions of the fibre 

tracts observed. Post-mortem dissections provided a more qualitative description of the fibres, being 

able to clearly identify the relationship of the fibres to other white matter tracts and to adjacent 

cortical landmarks. Tractography was particularly useful in adding quantitative analyisis of tract 

volumes, making it possible to infer the lateralisation of the tracts described.  

SMA and movement 

Direct stimulation of the SMA induces a complex pattern of movements, involving different 

muscles groups. Synergistic movements involving the head, the upper  and lower limb  (turning the 

head to look at the hand, grasping movements, etc..) have been described.[8,10,11,28] It is 

acknowledged that the SMA plays an important role in planning, initiation and execution of 

movements. In the primate, an SMA-proper and a pre-SMA have been differentiated on the basis of 

cytoarchitectonic and functional aspects.[12] Also in humans, in addition to the classic SMA 

Table 1 
Left Volume 

[ml] 

Right Volume 

[ml] 

Laterality 

Index 
p-value 

Precentral Gyrus 6.51±3.63 7.11±3.75 -0.13±0.34 0.270 

Inferior Frontal Gyrus                

– pars opercularis 
7.93±3.77 5.64±3.66 0.38±0.31 0.003 

Cingulate Gyrus                          

– anterior  
3.25±1.00 2.98±1.34 0.10±0.54 0.562 

Caudate 2.01±1.95 1.38±2.22 0.45±0.69 0.105 
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(SMA-proper), a more rostral area, called “pre-SMA” has been described. Neurophysiological 

studies suggest that the role of these two regions appear to be different with regard to motor 

function, with the pre-SMA being involved in higher motor control, such as planning and 

preparation of movement, while the SMA-proper is more directly related to the execution of 

movement.[2] In a recent paper by Ikeda et al.[29] epicortical field potentials were recorded with 

subdural electrodes from the pre-SMA and SMA-proper of epileptic patients. Their results showed 

that the pre-SMA is involved in cognitive motor control and decision making, while the SMA-

proper is more active in the initiation and execution of voluntary movements. The connections of 

the two regions can provide an anatomical basis for these functional aspects. It is known from the 

litearature[13] that the SMA-proper sends fibres through the corona radiata and the internal capsule 

to join the cortico-spinal tract, while  the pre-SMA has no direct connection with the spinal cord. 

Thanks to this cortico-spinal projection, the SMA-proper is thought to play a role in the direct 

execution of movement. In addition, our study has demonstrated the presence of short U-fibres in 

the depth of the precentral sulcus, directly connecting the SMA-proper with the primary motor 

cortex (M1). Of interest, a direct link between the SMA-proper and the M1 appears to be always 

present at the level of the hand region. It has been hypothesized that the convergence of fibres at 

this level can play a role in the control of complex hand movements, such as grasping and reaching 

.[30] Finally, both the SMA-proper and the pre-SMA have direct connection with the striatum, with 

fibres directed to the head and body of the caudate nucleus. The presence of  striatal connections 

has been demonstrated in a DTI study by Lehericy et al.,[20] and the results of our study are in 

accordance with these previous findings. This cortico-striatal connection is part of a wider network 

that, through the thalamus, reverberates back to the cortex.[31] This cortico-basal ganglia-thalamo-

cortical network is implicated in different aspects of motor control, including initiation, sequencing 

and modulation of voluntary movements.[32] The results of our Diffusion tractography study 

suggest a predominance of these fibres on the left side in right-handed individuals. 

SMA and language 

Direct stimulation of the dominant SMA has been related to vocalization and/or arrest of 

speech.[8,28] Functional MRI studies have provided useful insights in the role of the SMA in 

language. The SMA appeared to be activated during different language tasks, such as repetition and 

silent verbal fluency, with the role of facilitating the initiation of speech.[5,6,33] In the present 

study we demonstrate the presence of a direct connection between the SMA and the pars opercularis 

of the IFG, corresponding to Broca’s area in the dominant hemisphere. This tract has been called 

“frontal aslant” (FAT) due to its oblique course.[30] Our results are in accordance with the previous 
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description of the bundle provided by DTI studies.[21-23] More recently, Kinoshita et al. have 

described a similar bundle connecting the medial frontal cortex and the IFG.[34] The Klingler 

dissection performed by the authors suggests that the fibres of the FAT are merging with the SLF. 

In our study, the FAT appears to be deeper than the SLF, which had to be cut in order to expose the 

underlying FAT. The SMA is thought to facilitate speech initiation due to the direct connection to 

the pars opercularis of the IFG provided by the FAT. In a study of the somatotopy of the SMA, 

Fontaine et al. found that the language responses in the SMA were clustered at the border between 

the pre-SMA and SMA-proper.[10] Interestingly, the border between pre-SMA and SMA-proper 

represents the cortical termination of the FAT, as demonstrated in the present study by both post-

mortem dissections and Diffusion tractography. To further corroborate the role of the FAT in 

language, it has been reported that a damage to this tract is associated with decreased verbal fluency 

in primary progressive aphasia.[35] Finally, the left lateralization of the FAT seen in our Diffusion 

tractography, as previously reported by Catani et al. ,[30] is also consistent with a possible role in 

language played by this tract.   

In the non-dominant hemisphere it has been suggested that the SMA may mediate voluntary control 

of face, tongue, and pharynx movement through the FAT connecting the SMA and frontal 

operculum. If the FAT is damaged, the information coming from the SMA cannot reach the 

oropharyngeal motor cortex, causing a selective volitional palsy as described in a case of Foix-

Chavanie-Marie syndrome after removal of a right-sided fronto-insular low grade glioma. [36] 

SMA and limbic system 

Studies from the primate have demonstrated extensive connections between the SMA and the 

limbic system, particularly through fibres directed to the cingulate gyrus.[12,37] Our study confirms 

the presence of such connections in humans, where several U-fibres were visualised (both on 

dissection and Diffusion tractography), running between the SMA and the cingulate. This direct 

link between motor and limbic areas is thought to play a role in the motor processing of negative 

emotional stimuli.[38] Oliveri et al.[39] showed that conditioning transcranial magnetic stimulation 

of the SMA significantly increased the Evoked-Motor Potential recorded from the first interosseous 

muscle during visual-emotional triggered movements (the subjects had to perform movements in 

response to images with a negative emotional content). The SMA in humans may therefore 

interface the limbic and the motor systems in the transformation of emotional experiences into 

motor actions.[39] The fibres connecting  the SMA and the cingulate gyrus are one anatomical 

substrate for this interaction. 
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White matter connections and the SMA syndrome 

Surgery in the SMA can be followed by the “SMA syndrome”, originally described by Laplane in 

1977.[9] Reporting the results of the ablation of the SMA in three patients, Laplane described the 

clinical course after surgery as being characterised by global akinesia, more prominent 

contralaterally, with an arrest of speech. This was followed by a phase of recovery, when 

contralateral reduction of movement and severe reduction of speech were still present. This was 

followed by a complete recovery, when only a “disturbance of the alternating movements of the 

hands”[9] was present. Several surgical series related to tumours infiltrating the SMA have 

confirmed the original observations of Laplane,[4,6,10,11,27] usually with more profound and 

marked symptoms following more extensive resection of the SMA, as it is the case with WHO 

grade II gliomas.[40] The outcome is usually favourable, with a complete recovery observed at 6-12 

months after surgery. Minor symptoms, however, can be permanent (underutilization of 

contralateral upper limb, mild word finding difficulties, etc).[4,6,11] 

The pathogenesis of the SMA syndrome is not fully understood. Our findings suggest that surgical 

ablation of the posterior SMA (SMA-proper) is more likely to induce a motor deficit, as this region 

is strongly connected with motor areas, through fibres that directly join the cortico-spinal tract and 

U-fibres directed to the motor cortex. Specific motor symptoms, like deficit in grasping/reaching 

can indeed be explained on the basis of the connection between SMA-proper and the hand region. 

The wide range of projections from the SMA to the striatum can provide the anatomical basis to 

explain the reduction in spontaneous movement, which is the hallmark of the SMA syndrome. 

Akinesia, a cardinal symptom of parkinsonian disorders, can be the result of a damage to the 

cortico-striatal network, in which the SMA plays an important role in facilitating and sequencing 

voluntary movements. Finally, mutism and language reduction (transcortical motor aphasia), can be 

explained on the basis of the connection of the SMA with the Broca’s area provided by the FAT. 

Indeed, some features of the classic “Broca” aphasia are similar to the mutism observed in the SMA 

syndrome.  

Knowledge of the anatomical connections of the SMA is relevant to the clinical implications of 

surgery in the SMA region. The degree of cortical and subcortical extension of SMA tumours (as 

assessed by preoperative MRI and DTI) can help to predict the postoperative course of patients, as 

previously demonstrated in the case of tumours growing in the ventrolateral frontal region. [41] 

This is important to offer patients a more informed counselling on the postoperative course of the 

SMA syndrome, as well as to plan in advance an individualised rehabilitative intervention. 
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CONCLUSIONS 

The SMA is at the centre of a rich network of  white matter connections with motor, language and 

lymbic areas. The clinical aspects of the SMA syndrome, including akinesia and mutism, can be 

better understood on the basis of these anatomical findings. 
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Figures legend 
 

 

Figure 1: medial aspect of a right hemispehe. The AC-PC line is demonstrated (A). The VCA line 
(B)  – perpendicular to the AC-PC line at the level of the anterior commissure - divides the pre-
SMA anteriorly (5) from the SMA-proper (4). The corpus callosum (1), cingulate gyrus (2) and 
central lobule (3) are also indicated. 

 

Figure 2a: lateral dissection of the SMA (right hemisphere). U-fibres are demonstrated in the depth 
of the precentral sulcus, connecting the PreCG and SMA-proper (red pins). U-fibres are also present 
in the superior frontal sulcus, connecting the SMA with the MFG (green pins). 1: PoCG; 2: PreCG; 
3:SMA-proper; 4:SFG; 5:MFG 

Figure 2b: Diffusion tractography demonstrating the right and left connections of the SMA with 
thePreCG. Note the U-shaped fibres linking the two gyri.    

 

Figure 3a: dissection of lateral aspect of the frontal lobe (right hemisphere): exposure of 
longitudinally-directed fibres of the SLF (asterisk) after removal of the MFG. 1: PoCG; 2: PreCG; 
3:SMA; 4:MFG (remnant portion); 5:IFG 

Figure 3b: same specimen. The SLF has been divided (yellow pin), exposing the vertically oriented 
fibres of the FAT, connecting the SMA with the pars opercularis of the IFG (red pins). 1: PoCG; 2: 
PreCG; 3:SMA; 4:MFG (remnant portion); 5:IFG 

Figure 3c: “cortex sparing” dissection of the left hemisphere. Exposure of the FAT (red pin). The 
MFG has been maintained and retracted by a blunt dissector. Note the cortical termination of the 
aslant tract at the level of the SMA and of the opercular portion of the IFG. 

Figure 3d: Diffusion tractography demonstrating the right and left FAT, connecting the SMA and 
the IFG.  

 

Figure 4a: Dissection of mesial aspect of the SMA (right hemisphere). U-fibres running in the 
cingulate sulcus, connecting the SMA with the cingulate gyrus (asterisks). The green pins show the 
cortical terminations of these U-fibres. 1:SMA; 2:cyngulate gyrus; 3:corpus callosum. 

Figure 4b:Diffusion tractography demonstrating the connections between the SMA and the 
cingulate gyrus. Note the extensive connections with U-fibres to the anterior portion of the 
cingulate gyrus.  
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Figure 5a: Dissection of mesial aspect of the SMA (right hemisphere). Callosal fibres to the SMA 
observed after removal of the cingulate gyrus (asterisk). 1: SMA; 2: corpus callosum 

Figure 5b: Diffusion tractography demonstrating the callosal fibres connecting the left and 
right SMA. 

 

Figure 6a: Dissection of mesial aspect of the SMA (right hemisphere). Vertical fibres running from 
the SMA and converging on the caudate nucleus, seen after complete removal of the cingulate gyrus 
and of the corpus callosum. Red pin represents the PreCG. 1:corpus callosum (remnant portion); 
2:caudate nucleus; 3:PreCG; 4:SMA 

Figure 6b: “cortex sparing dissection” of a left hemisphere. The relationship between the SMA 
fibres to the head of caudate nucleus and the SMA callosal fibres is demonstrated. Yellow pin: 
ventricle. Blue line: precentral sulcus. Yellow line: central sulcus 

Figure 6c: Diffusion tractography demonstrating the connections between the SMA and the caudate 
nucleus (right and left hemisphere). Note the convergence of the fibres onto the head of the caudate. 
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