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bacino, durante l’esecuzione di task funzionali 

dovuto alla rimozione dei nodi linfatici ascellari in seguito a un’operazione di dissezione 

radicale del seno. Il risultato principale del linfedema all’arto superio

dell’arto interessato, dovuto all’accumulo di sostanze e di tessuto adiposo nello spazio 

diminuzione della mobilità dell’articolazione della sp

femminile affetti da linfedema all’arto superiore. Alle partecipanti è stato chiesto di eseguire 

in alto e reaching laterale. I dati cinematici durante l’esecuzione di questi task sono stati raccolti 

ogni task, sfruttando i dati dei marcatori posizionati sull’epicondilo laterale di entrambi i gomiti 

(denominati RELB e LELB). Successivamente, viene calcolato l’i

tra l’istante di inizio del movimento e l’istante di raggiungimento della 

viene valutato come l’area 



all’arto superiore



2.2 Arms’ path evaluation

2.3 Assessment of shoulders’ displacement









Subject ID Age
Height

[cm]

Weight

[kg]
Arm affected by lymphedema

Lymphedema 001 55 160 115 Right

Lymphedema 002 53 64 62 Right



Subject ID Age
Height

[cm]

Weight

[kg]
Dominant arm

Control 002 24 169 60 Right

Control 003 23 165 85 Right

Control 004 24 179 62 Right

Control 006 28 163 50 Right

Control 007 40 168 50 Left

Control 008 23 173 62 Right

Control 009 43 173 60 Right

Control 010 34 160 58 Right

Control 011 26 167 56 Left

Control 012 51 178 70 Right



along the body. It must be noted that the subject Lymphedema001 didn’t perform the 



tive markers are placed on the subject’s body at strategic landmarks and serve as 

–











Resultant Vector v⃗ = √vx2 + vy2 + vz2 �⃗� �⃗� 

RMSv = √1N∑vi2N
i=1 �⃗� 



countPeaks(P, Threshold) = ∑ 1{pi+1 > pi ∧ pi+1 > pi+2 ∧ pi+1 > Threshold}n−2
i=1Number of repetitions = countPeaks(P, Threshold)𝐏 = {𝐩𝟏, 𝐩𝟐, … , 𝐩𝐧}𝐩𝐢 𝟏{𝐜𝐨𝐧𝐝𝐢𝐭𝐢𝐨𝐧}







Arms’ path evaluation
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∆x = ∑ xi+1 − xii             ∆y = ∑ yi+1 − yi             ∆z = ∑ zi+1 − zii
th component of the marker’s data.

path length [mm] = √∆x2 + ∆y2 + ∆z2

Equation 6duration of the repetition [s] = te − ts𝐭𝐞 𝐭𝐬

velocity [mm/s] = path lengthduration of the repetition



Assessment of shoulders’ displacement





and to the subject’s trunk because the circu

So, in alignment with Monga’s thesis, for the circumduction tasks the area enclosed by the 

Thorax Prox = CLAV + C72                   Thorax Dist = STRN + T102



K⃗⃗ (i) = Thorax Prox (i) − Thorax Dist(i)‖Thorax Prox(i) − Thorax Dist(i)‖�⃗⃗� 

PROV⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗(i) = CLAV(i) − C7(i)‖CLAV(i) − C7(i)‖                I (i) = PROV⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗(i) × K⃗⃗ (i)‖PROV⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗(i) × K⃗⃗ (i)‖𝐈 𝐏𝐑𝐎𝐕⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  

J (i) = I (i) × K⃗⃗ (i)‖I (i) × K⃗⃗ (i)‖𝐉 

𝐑 = [ I TJ TK⃗⃗ T]
s’

P2 = (𝐑T ∙ P1) − (RT ∙ O1T)







Asis med = RASI + LASI2 ,          Psis med = RPSI + LPSI2

I (i) = RASI(i) − LASI(i)‖RASI(i) − LASI(i)‖𝐈 
of the markers’ data

PROV⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗(i) = RASI(i) − Psis med(i)‖RASI(i) − Psis med(i)‖m               K ⃗⃗  ⃗(i) = I (i) × PROV⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗(i)‖I (i) × PROV⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗(i)‖𝐊 ⃗⃗  ⃗ 𝐏𝐑𝐎𝐕⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  
the markers’ data.



J  ⃗(i) =  K ⃗⃗  ⃗(i) × I  ⃗(i)‖K ⃗⃗  ⃗(i) ×  I  ⃗(i)‖𝐉 ⃗⃗ 

𝐑𝐞𝐟𝟏 = [I  ⃗(t) J  ⃗(t) K ⃗⃗  ⃗(t)]           𝐑𝐞𝐟𝟐 = [i  ⃗(t) j  ⃗(t) k ⃗⃗ (t)] 
𝐈 ⃗⃗ 𝐉 ⃗⃗ 𝐊 ⃗⃗  ⃗ 𝐢  ⃗ 𝐣  ⃗ 𝐤 ⃗⃗  ⃗

𝐑t
𝐑t = [I  ⃗T(t) ∙ i  ⃗(t) J  ⃗T(t) ∙ i  ⃗(t) K ⃗⃗  ⃗T(t) ∙ i  ⃗(t)I  ⃗T(t) ∙ j  ⃗(t) J  ⃗T(t) ∙ j  ⃗(t) K ⃗⃗  ⃗T(t) ∙ j  ⃗(t)I  ⃗T(t) ∙ k ⃗⃗ (t) J  ⃗T(t) ∙ k ⃗⃗ (t) K ⃗⃗  ⃗T(t) ∙ k ⃗⃗ (t)] = [R11(t) R12(t) R13(t)R21(t) R22(t) R23(t)R31(t) R32(t) R33(t)]



αt βt γt

αt = 180 ∙ tan−1 (R32(t)R33(t))π            βt =  180 ∙ sin−1(R13(t))π            γt = 180 ∙ tan−1 (R12(t)R22(t))π
αt

βt

γt

αt
βt

γt



























dominant arm, meaning that the trunk helps in the motion by following the arm’s 
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