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Introduction and methods Results
B Motor control is guided by sensory feedback to rope concurrent motor B Motor performance in both groups improved similaxyh training (Fig. 2)
performance. . . . L
| | | B Similar learning effects on all GTNA measures irthogroups with significant effects on
B This study applied graph-theoretical network analy&8TNA) (Bullmore and Sporns, all GTNA measures for SESSION (all p<0.00001) busigmificant GROUP x SESSION
2009) to fMRI data to examine functional brain cortngty in the context of motor interactions (statistical results were the samallirb networks and when combining the
learning under different sensory feedback condsti@uditory and visual). results across all networks, see Fig. 4).
B Two age- and gender-matched groups (‘AUD’ and ‘VISY) raght-handed adults o oot o AU o ot e i e Moo donsity AUD e Mo donsity VIS
‘ ean path leng ean path leng ean density ean density
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phase’ Co_ordm_anon pattern (one hand led the dblges quarter-cycle) (Fig. 1a). This| y 040 42
task requires intensive practice before it can bdopmed stably (Swinnen et all,
1997) > i . 40 8
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B Training feedback AUD group: high and low pitch torfpgch = hand- coded) played| 3 e e
back at the points of max. flexion or extension (sulggtad to aim for ‘galloping| | §,, 52 -
horse’ pattern of these tones) (Fig 1b). < o2 g
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B Training feedback VIS group: Lissajous figure (Fig.,ldgch hand controlling one axis| s s - S
of the figure, optimal motor performance indicatedcbyular trajectory of the figure. 2 £8 5
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B For the GTNA, network nodes were defined by the fMigtivation foci (Fig. 3),
selecting regions of interest (ROIs) by placingphese with radius 7.5 mm around the (¢ *SMCpathlength AUD =l SMC path length VIS D [ Meaneficiency AUD " Mean efficiency V1S
M NI Coordlnates Of each ROI’S actlvatlon maXImum. ) OBA_ SMC cluster coefficient AUD -e- SMC cluster coefficient V|Sl . e ean streng ean streng
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B For each subject, the average time series (AVTeémh ROI was extracted for PRE ¢ . B 7
and POST runs. Based on the AVT data, matrices ofiapasorrelations were | ¢ | | Tz T Hhe
calculated, quantifying the unique functional nelaships between each pair of ROIs; = £ T~ b §e Tow 110
Resulting network node connections were acceptécald’ below p<0.001. ge | . TEE 27 106 7
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Ieft W”St rlght W”St -% VIS group Pre-training Post-training Post-training no feedback Pre-training Post-training Post-training no feedback
7 = Figure 4 - Improvement in GTNA measures:Both groups had significant increases in clusteffaments (A), connectivity degree +
1\ ? 3 5 network density (B), efficiency + connection strdngD), together with decreases in mean path le@ih There were significant effects of
& GROUP for density, efficiency, and mean path len(g@thp<0.05), with the auditory group performing pooreariithe visual group. The network
B functionality of both groups had ‘small world cheter’ PRE and POST (CLluster coefficient= measure of how well the neighbors of a network
> node are connected to each other (measure of net@anectivity);path length = shortest connection between 2 network nodesdirohnodes);
right wrist network density = proportion of the number of present connectiongv@énetwork to the maximum possible number of eahions;efficiency =
composite of clustering coefficient and path lendpfised upon the calculation of the harmonic mdareighbor-neighbor distancespnnectivity
Flg 1 degree = number of connections for individual nodesinnection strength= sum of connection weights as defined by the sumpuatial
] C correlations for each network node.
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Figure 5 — Connectivity changes PRE to POS({two example networks — N1, see A+B, and N2, see CTB®. majority of network
nodes showed an increased connectivity degreetimdroups. However, both groups behaved differéytia changing the network integration of
several brain regions from PRE to POST. Figuresnd & illustrate the %-connectivity change for eahthe different nodes/brain regions
PRE>POST | AUD incorporated into the shown networks and significgoup differences. Figures B and D illustrate ‘tla@k change’ of each network region based
| on the change in connectivity degree (i.e., howirthi@a-network importance of each region in terrhaumber of connections changed from PRE to
e 5838;'%0__ POST when ranking the regions based on their canitgalegree). Results in the other 3 networksveta similar differentiation effects.
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| " il Conclusions
L postcentral gyrus L SMA L rolandic operculum .. =
E | a Péi. e ["‘mn“ B The GTNA measures show that mean network cohesion antidoabty increased similarly in
B 8 . AUDSVIS both groups as a result of training, indicating that pamble network optimisation can be
T assoclated with increases in brain activation (VIS gydu also predominant reduction in brain
VISRALD [ i activation (AUD group).
Y ["dn..w B The consistent improvement on all network measurestim the AUD and VIS groups indicates
Rpgeloentslgynis B sipramarghnlgns, REMA - Riemparl pole Rk = oraltel gy that GTNA can detect and quantify the manifestations ofomtraining on a neural network
[N I N N N i'”“-w level.
B The significant group effects for density, efficieneyyd mean path length suggest that auditory
Areas with significant practice-related decrease (PRE>POST) or increase (POST>PRE) feedbaCk ContrOI may be aSSOCIated Wlth a Sllghtly gremertla In IndUCIng performance
N3 for the two groups combined, during the execution of the FB_90° condition. These com- Flgure 3 - Network definitions (exampleS) |mprovement and SUbsequent Changes N funCtlonaI Cﬂmmﬁc
:.)i;:;fn[l))::»IBI.:]((I:(I11:1:111/L\TPS]).[)) after correction for False Discovery Rate (FDR). L: left, MR analyses resulted in 5 networks (F|g 3 summexi3 of . N . . .
Brain region Sl Sigaiicant efoct Peak activation BA Tovale these networks), split into 2 types — networks @faarwherein ] GTNA measures, e.g., analyses of connectivity degae add addr_uonal mformaﬂon on brain
coordinats (NI both groups ‘behaved the same in terms of activatbange function in motor control compared to more conventldhWERI analysis techniques.
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[_insl(‘mlt‘l'a‘l gYITS L PRE>POST 500 =33 63 BA1/2 0 3.69 both groups were not identical with regard to adton Change
::]I)I:f)ll(inflﬁjllltz:lr{\Illll:tor o R PRE>POST [15) 0 68 BA 6 148 PRE to POST (Nl and N2’ fOI’ a “St Of a” N1 & NZtWGrk
Frontal and prefrontal area | | | nodes see Fig.5). There was partial overlap betweene thes
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