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STABILOMETRIC ASSESSMENT: IMPLICATIONS FOR THE PRESCRIPTION OF MEDICAL DEVICES

ABSTRACT. The medical literature defines posture by positioning and orientation of body segments relative to the direction of the gravitational field. Balance
encompasses all static and dynamic actions performed by the body as a result of the interaction between postural control mechanisms in order to avoid falling.
Maintaining a normal posture is a prerequisite for minimizing internal stress manifested in tissues. Stabilometry studies evolution, under static conditions, of the
center of pressure, defined as the origin of the reaction force vector in relation to the support surface. The aging process or diseases such as diabetes, rheumatoid
arthritis or pathomechanics, affecting posture by increasing instability and the risk of falls. There is medical evidence that demonstrates the positive effect of
medical devices (orthopedic shoes or orthoses) on posture. An important role in prescribing and assessing the influence of medical devices on posture is that of
stabilometry, namely assessing posture under static conditions. The article proposes to assess the main stabilometric parameters determined using AccuGait-AMTI
force platform and to correlate them with technical characteristics of medical devices.
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EVALUAREA STABILOMETRICA: IMPLICATII iN PRESCRIEREA DISPOZITIVELOR MEDICALE

REZUMAT. Literatura medicala defineste postura prin pozitionarea si orientarea segmentelor corporale in raport cu directia cdmpului gravitational. Echilibrul
reprezinta totalitatea actiunilor statice si dinamice efectuate de corp ca urmare a interactiunii dintre mecanismele de control postural, cu scopul evitarii caderii.
Mentinerea unei posturi normale este o conditie esentiald pentru reducerea la minimum a tensiunilor interne manifestate in tesuturi. Stabilometria studiaza
evolutia in staticd a centrului de presiune, definit ca originea vectorului fortei de reactiune in raport cu baza de sustinere. Procesul de imbatranire sau prezenta unor
afectiuni precum diabetul, artrita reumatoida sau patologii de natura mecanica au ca rezultat influentarea posturii prin cresterea instabilitatii si a riscului de cadere.
Existd dovezi medicale care demonstreaza efectul pozitiv al dispozitivelor medicale (incltdminte ortopedicd sau orteze) asupra posturii. in prescrierea si evaluarea
influentei dispozitivelor medicale asupra posturii, un rol important il ocupa stabilometria, respectiv evaluarea posturii in conditii statice. Articolul isi propune
evaluarea principalilor parametri stabilometrici determinati cu ajutorul platformei de forta AccuGait-AMTI si corelarea acestora cu caracteristicile tehnice ale
dispozitivelor medicale.

CUVINTE CHEIE: stabilometrie, postura, dispozitiv medical

EVALUATION STABILOMETRIQUE: LES IMPLICATIONS POUR LA PRESCRIPTION DE DISPOSITIFS MEDICAUX

RESUME. La littérature médicale définit la posture par le positionnement et |'orientation des segments de corps par rapport a la direction du champ de gravitation.
L'équilibre représente toutes les actions statiques et dynamiques exercées par le corps a la suite de l'interaction entre les mécanismes de controle de posture afin
d'éviter les chutes. Le maintien d'une position normale est une condition préalable a la réduction du stress interne qui se manifeste dans les tissus. La stabilometrie
étudie I'évolution, dans des conditions statiques, du centre de pression, définicomme I'origine du vecteur de force de réaction par rapport au support. Le processus
de vieillissement ou la présence de maladies telles que le diabete, la polyarthrite rhumatoide ou pathologies de nature mécanique influencent la posture en
augmentant I'instabilité et le risque de chutes. Il y a des preuves médicales qui démontrent I'effet positif des dispositifs médicaux (chaussures orthopédiques ou
ortheses) sur la posture. Un réle important dans la prescription et |'évaluation de I'influence des dispositifs médicaux sur la posture est celui de la stabilometrie,
c'est-a-dire I'évaluation de la posture dans des conditions statiques. L'article propose I'évaluation des principaux parameétres stabilometriques déterminés par la
plate-forme de force AccuGait-AMTI et leur corrélation avec les caractéristiques techniques des dispositifs médicaux.

MOTS CLES: stabilométrie, posture, dispositif médical

*Correspondence to: Gabriel STAN, Elias Emergency University Hospital, Department of Orthopedics-Traumatology, 17 Marasti Blvd., Bucharest, email:
gabisus2000@yahoo.com

Revista de Pielarie Incaltaminte 13 (2013) 2




G. STAN, D. PETCU, G. BERIJAN

INTRODUCTION

Posture is defined as the position and orientation
of body segments relative to the direction of the
gravitational field. Balance encompasses all static and
dynamic actions performed by the body as a result of
the interaction between control mechanisms of the
central nervous system and the musculoskeletal system
in order to avoid falls by maintaining the center of
gravity within the limits of the support surface. There is
medical evidence that demonstrates the positive effect
of medical devices (medical footwear or orthoses) on
posture. An important role in prescribing and assessing
the influence of medical devices on posture is that of
stabilometry, namely assessing posture under static
conditions.

Shoes can be used in two opposite directions in
relation to maintaining balance, namely:

-improving balance by increasing stability in order
to decrease the risk of falls and their negative
consequences on health. This direction is found
especially in the situation of the elderly or those
suffering from conditions such as diabetes,
ostheoarthritis, neuromuscular disorders, orthopedic
disorders etc.;

- improving balance by creating instability in order
to exercise certain categories of muscles with an
active role in increasing stability. This is the case of
rocker soles, highlighting the MBT shoes solution
whose design principle consists in exercising muscles
less used due to modern walking conditions
(especially walking on hard surfaces). Muscles are
exercised by creating instability in the contact phase
of gait, and the technical solution adopted for the
construction of the sole is to use a combination of two
materials with different hardness values, the heel
being made of a lower hardness material [1].
Changing muscle activity by manipulating the
trajectory of the center of pressure (COP) is another
objective [2] with potential implications for improved
stability. In this case the shoes working as a medical
device, part of the recovery program for conditions
such as patellofemoral pain syndrome or knee
osteoarthritis. Sensor-motor exercises, as part of a
recovery program, resort to a wide range of devices
such as wobble boards, rocker soles or balance
training shoes [3].

(150

INTRODUCERE

Postura este definita prin pozitionarea si
orientarea segmentelor corporale in raport cu directia
campului gravitational. Echilibrul reprezinta totalitatea
actiunilor statice si dinamice efectuate de corp ca
urmare a interactiunii dintre mecanismele de control
ale sistemului nervos central si ale sistemului osteo-
musculo-ligamentar, cu scopul evitarii caderii prin
mentinerea centrului de greutate in limitele bazei de
sprijin. Existda dovezi medicale care demonstreaza
efectul pozitiv al dispozitivelor medicale (incaltaminte
sau orteze pentru picior) asupra posturii. In proiectarea
si evaluarea influentei dispozitivelor medicale asupra
posturii un rol important 1l ocupd stabilometria,
respectiv evaluarea posturiiin conditii statice.

Incaltdmintea poate fi utilizatd in doud directii
opuseinrelatie cu mentinerea echilibrului, sianume:

- Tmbunatatirea echilibrului prin cresterea
stabilitatii cu scopul scaderii riscului de cadere si a
consecintelor negative pe care acestea le au asupra
sanatatii. Aceasta directie este Intalnita in special in
situatia persoanelor n varsta sau a acelora suferind de
afectiuni precum diabet, osteoartrita, afectiuni
neuromusculare, ortopedice etc.;

-Tmbunatatirea echilibrului prin crearea unei stari de
instabilitate cu scopul antrenarii anumitor categorii de
muschiavand un rol activin cresterea stabilitatii. Este cazul
incaltamintei cu talpa balansoar unde putem evidentia
solutia MBT al carei principiu de proiectare consta in
antrenarea muschilor mai putin utilizati datorita conditiilor
moderne de deplasare (in special mersul pe suprafete
dure). Antrenarea musculaturii se realizeaza prin crearea
unei stari de instabilitate in faza de contact a mersului,
solutia tehnica adoptata pentru constructia talpii fiind
aceea a utilizarii unei combinatii de doua materiale cu
duritati diferite, tocul fiind realizat din materialul cu
duritate mai mica [1]. Modificarea activitatii musculare
prin manipularea traiectoriei centrului de presiune (COP)
reprezintd un alt obiectiv [2] cu potentiale implicatii in
imbun3tatirea stabilitatii. Tn acest caz inciltdmintea
functioneaza ca un dispozitiv medical, parte integranta a
programului de recuperare al unor afectiuni precum
sindromul dureros femuro-patelar sau osteoartrita
genunchiului. Exercitiile senzori-motorii, ca parte
integranta a unui program de recuperare, fac apel la o
gama larga de dispozitive precum discurile instabile
(wobble board), talpile balansoar, sau incdltamintea
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Patients suffering from knee osteoarthritis
present changes in proprioception and a reduction of
mechanoreceptors surrounding ligaments [4]. The
ability to control posture in these patients will also be
affected by low muscle strength, especially the
guadriceps, and pain. Total knee arthroplasty is a
surgery commonly practiced in elderly patients with
decreased mobility due to pain and muscle atrophy.
These are sources of imbalance and lead to the inability
to safely conduct normal activities.

The force platform is an indispensable tool for a
complex posturographic assessment. Establishing an
experimental protocol requires a good knowledge of
both the postural parameters provided by the force
platform and the correlations between these
parameters and objectives established for the medical
device. In this paper, the main objective considered was
to evaluate postoperative stability after total knee
arthroplasty surgery. Parameters correlated to
maintaining balance and inferred from the trajectory of
the center of pressure (COP) are sensitive enough to
detect postural changes due to changing technical
characteristics of medical devices [5].

The medical literature shows a number of
correlations between parameters characterizing
posture and their significance in terms of the activity
that the body must perform to maintain or restore
balance. Table 1 shows the significance of the
stabilometric parameters - frequently cited in the
literature and which can be measured using the force
platform.

pentruantrenarea echilibrului[3].

Pacientii suferinzi de gonartroza prezinta
modificari ale proprioceptiei si o diminuare a
mecanoreceptorilor din jurul ligamentelor [4].
Abilitatea de control a posturii la acesti pacienti va fi
afectata si datorita fortei musculare scazute, in special
a cvadricepsului, si a durerii. Artroplastia totala de
genunchi este o interventie ce se practica de obicei la
pacienti varstnici cu mobilitate scazuta datorita durerii
si cu atrofii musculare. Acestea sunt cauze ale
dezechilibrului si duc la imposibilitatea de desfasurare
in conditii de siguranta a activitatilor obisnuite.

Platforma de forta reprezinta un instrument
indispensabil pentru o evaluare posturografica complexa.
Stabilirea unui protocol de experimentare presupune o
buna cunoastere atat a parametrilor posturali ce pot fi
furnizati de platforma de fortd, cat si a corelatiilor dintre
acesti parametri si obiectivele stabilite pentru dispozitivul
medical. Tn prezenta lucrare, obiectivul principal luat in
considerare a fost evaluarea stabilitatii postoperatorie
dupa o operatie de artroplastie a genunchiului. Parametrii
care sunt corelati cu mentinerea echilibrului si sunt dedusi
pe baza traiectoriei centrului de presiune (COP) sunt
suficient de sensibili in detectarea modificarilor posturale
datorate modificarii caracteristicilor tehnice ale
dispozitivelor medicale [5].

Literatura medicald prezinta o serie de corelatii
intre parametrii ce caracterizeaza postura si semnificatia
acestora din punctul de vedere al activitatii pe care
organismul uman trebuie sa o desfasoare pentru
mentinerea sau redobandirea echilibrului. in Tabelul 1 se
prezintd semnificatia unor parametri stabilometrici —
frecvent citati de literatura de specialitate si masurabili
cuajutorul platformeide forta.

Table 1: Correlations between stabilometric parameters and their significance
Tabelul 1: Corelatii intre parametrii stabilometrici si semnificatia acestora

- Narrow base: heels and
first
metatarsophalangeal

Protocol: . .
Narrow vs. Wide joints touch
’ - Wide base: distance =
base o
17 cm, angle = 14
Protocol: L.
ba iatd - Baza apropiata:
za apropiata cdlcdiele si art. MF | se
vs. baza
depdrtatd

- Baza depdrtata:
distanta =17 cm, unghiul
format = 14°
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Balance tests in narrow base position can distinguish between older persons
who have had more falls than those who have not fallen. In general, there is
an increase in center of pressure displacement for the first group, especially
in the medio-lateral direction [6].

Testele de echilibru cu baza apropiatd pot distinge intre persoanele vdrstnice
care au inregistrat mai multe cdderi fatd de cele vdrstnice care nu au cézut. n
ating general, in cazul primei categorii se inregistreazd o crestere a deplasdrii
centrului de presiune, in special in directia medio-laterald [6].
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Table 1: Continued
Tabelul 1: Continuare

FFT-COPX is the graph of
Fourier transform of the
x coordinate of the
center of pressure
trajectory.
FFT-COPX reprezintd
graficul transformatei
Fourier a coordonatei x a
traiectoriei centrului de
presiune.

FFT-COPX

Fourier transform of a signal is the decomposition of the signal into a sum of
sine and cosine functions characterized by different amplitudes and
frequencies. This process is also known as spectral analysis. The predominant
frequency or maximum frequency corresponds to the component with the
maximum amplitude of the entire spectrum. The band with 80% of the power
spectrum best characterizes postural control system changes [8].
Transformata Fourier a unui semnal reprezintd descompunerea acestui
semnal intr-o sumd de functii sinus si cosinus caracterizate prin diferite
amplitudini si frecvente. Acest proces mai este cunoscut sub denumirea de
analizd spectrald. Frecventa predominantd sau frecventa maximd corespunde
componentei cu amplitudine maximd din intregul spectru. Banda de frecvente
avdnd 80% din spectrul de putere caracterizeazd cel mai bine modificdrile
sistemului de control postural [8].

The ratio of the sway
length and time of

Average speed measurement

(cm/s) Reprezintd raportul
Viteza medie dintre lungimea
(cm/s) traiectoriei centrului de

presiune si timpul de
mdsurare

The average speed of the center of pressure is a major determinant for balance
maintaining, representing a parameter sensitive to the central nervous system
activities performed to maintain posture. In the case of imbalances,
intensified re-balancing efforts are reflected by a high average speed needed
to restore posture [9]. Also, this parameter characterizes the overall postural
performance, being associated with risk of falls [10]. It is influenced by age,
presence or absence of visual information or the type of footwear worn.

Viteza medie a centrului de presiune este un determinant major al activitdtii de
mentinere a echilibrului, reprezentdnd un parametru sensibil la activitdtile
sistemului nervos central efectuate pentru mentinerea posturii. In cazul unor
dezechilibre, eforturile de re-echilibrare mai intense sunt reflectate printr-o
vitezd medie ridicatd necesard pentru restabilirea posturii [9]. De asemenea,
acest parametru este un parametru care caracterizeazd performanta
posturald generald, fiind asociat cu riscul de cddere [10]. Este influentat de
vdrstd, prezenta sau absenta informatiilor vizuale sau tipul de incdltdminte
purtat.

Leather and Footwear Journal 13 (2013) 2
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Table 1: Continued
Tabelul 1: Continuare

It is the surface area that
encloses the sway length
in both x, y directions
Sway area Reprezintd aria
Aria de balans suprafetei care
incadreazd traiectoria
centrului de presiune in
ambele directii x, y

Romberg
quotient, QR QR = 100 - Pec/Peo
QR, Coeficientul
Romberg
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- it is expressed by the ratio of the considered parameter, P, measured with
eyes closed (ec = eyes closed) and the same parameter measured with eyes
open (eo = eyes opened)

- it is the most widely used index for assessing the influence of the visual
system in the study of postural performance. Measurements are performed in
the order: eyes opened - eyes closed.

- este exprimat prin raportul dintre valoarea parametrului considerat, P,
mdsurat cu ochii inchisi (ec = eyes closed) si valoarea aceluiasi parametru
mdsurat cu ochii deschisi (eo = eyes opened),

- reprezintd cel mai utilizat index pentru evaluarea influentei sistemului
vizual in studiul performantei posturale. Mdsurdtorile sunt efectuate in
ordinea: ochi deschisi — ochi inchisi.
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There are many attempts to standardize
stabilometric testing procedures. The process turns out
to be difficult if we consider, for example, only the
position of the feet. Thus, for the wide base position,
the distance between the heels ranges between 2 and
17 cm depending on various anthropometric
parameters, while the angle variation between the
medial sides of the feet ranges between 14 and 30° [7,
12,15, 16].

EXPERIMENTAL. STABILOMETRIC
ASSESSMENT

In this preliminary set of measurements two
subjects were selected, whose data are presented in
Table 2. These measurements were performed in a
lengthy evaluation of the use of force platform in order
to make the results of total knee arthroplasty surgery
objective.

Existda numeroase incercari de standardizare ale
procedurilor de testare stabilometrica. Procesul se
dovedeste a fi unul dificil daca luamin considerare, spre
exemplu, numai pozitia picioarelor. Astfel, pentru baza
departata intalnim valori ale distantei dintre calcaie
intre 2 si 17 cm 1n functie de diversi parametri
antropometrici, in timp ce unghiul dintre laturile
mediale ale picioarelor domeniul de variatie este
cuprinsintre 14-30°[7,12, 15, 16].

PARTEA EXPERIMENTALA. EVALUARE
STABILOMETRICA

Tn cadrul acestui set preliminar de méasuratori au
fost selectati doi subiecti ale caror date sunt prezentate
in Tabelul 2. Aceste masuratori au fost efectuate in cadrul
unei evaluari de lunga durata a utilizarii platformei de
forta pentru obiectivizarea rezultatelor unei interventii
chirurgicale de artroplastie a genunchiului.

Table 2: Characteristics of subjects
Tabelul 2: Caracteristicile subiectilor

Subject no. 1, S1 female
Subiectul nr. 1, S1 feminin

Flat foot, unilateral HAV

Lasss Picior plat, HAV unilateral

The established protocol for performing
measurements was the following:

— Bilateral orthostatic position, without shoes, on
the AccuGait-AMTI force platform:

« conditions: eyes closed (EC) and eyes open

(EOQ). Order of measurements was: eyes open (3

tests) followed by eyes closed (3 tests);

e recordingtime=30s.;

e number of tests =3 for each condition;

« feetposition=narrow base;

e arm position = normal, arms at the sides. The

subject is focusing towards an achromatic circle

with a diameter of 5 cm, placed at eye level at a

distance of 1 meter from the subject;

Protocolul stabilit pentru efectuarea
masuratorilor a fost urmatorul:

— Pozitie ortostatica bilaterald, fara incaltaminte
pe platforma de forta AccuGait-AMTI:

« conditii: ochi inchisi (EC) si ochi deschisi (EO).

Ordinea de efectuare a masuratorilor a fost: ochi

deschisi (3 probe) urmata de ochiinchisi (3 probe);

e timpdeinregistrare=30s.;

e numarul de probe =3 pentru fiecare conditie;

e pozitia picioarelor=baza apropiata;

e pozitia bratelor = normald, pe langa corp.

Privirea indreptata catre un cerc acromatic cu

diametrul de 5 cm, plasat la nivelul ochilor, la o

distanta de 1 metru de subiect;

Leather and Footwear Journal 13 (2013) 2
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e recording frequency =100 Hz;

e signalfiltering frequency =5 Hz;

* 3 measurement sessions were conducted:

preoperative (Pre), postoperative (Pos - after

about 1 week) and after a recovery period (Rec -
about 1 month).

Subjects were explained the experimental
conditions in detail and signed the informed consent
form. Enough time to practice measuring conditions
and enough time for rest after each test were allowed.
During tests with eyes closed, a person was present
next to the subject so as to avoid any events
generated by a potential imbalance and fall. During
the three sessions of measurements no incident
posing a potential risk to subjects falling was
recorded.

RESULTS AND DISCUSSIONS

The results are presented in Tables 3, 4 and 5 and
in Figures 1 and 2. For the "eyes open" condition, data
for subject no. 1 indicate an increase in stability after
the recovery period, demonstrated by the lower values
recorded for all selected parameters compared to
session no. 1 -"preoperative". The medio-lateral
displacement shows a decrease of 32.02%, the
anterior-posterior of 33.05%, while the ellipse area
comprising 95% of the data (Figure 2) recorded a
decrease 0f 126.29% (Table 5, Figure 2).

e frecventadeinregistrare =100 Hz;

» frecventadefiltrare asemnalului=5Hz;

e au fost efectuate 3 sesiuni de masuratori:

preoperator (Pre), postoperator (Pos - dupa

aproximativ 1 saptdmana) si dupa o perioada de

recuperare (Rec-de aproximativ 1 luna).

Subiectilor li s-au explicat in detaliu conditiile
experimentale siau semnat Fisa de consimtamant informat.
A fost acordat un timp suficient de practica a conditiilor de
masurare si dupa fiecare proba, suficient timp pentru
odihna. in timpul probelor cu ochii inchisi a fost asigurat
prezenta unei persoane langa subiect, astfel incat sa fie
evitate orice evenimente generate de o potentiala
dezechilibrare si cidere. in timpul celor 3 sesiuni de
masuratori nu a fost inregistrat niciun incident care sa
reprezinte un potential risc de cadere pentru subiecti.

REZULTATE Sl DISCUTII

Rezultatele obtinute sunt prezentate in Tabelele 3, 4
si5siFigurile 1si 2. Din punctul de vedere al conditiei,,ochii
deschisi”, datele pentru subiectul nr. 1 indica o crestere a
stabilitatii dupa perioada de recuperare, demonstrata de
valorile mai scdzute inregistrate pentru toti parametrii
selectati comparativ cu sesiunea nr. 1 = , preoperator”.
Astfel, deplasarea medio-laterala prezintd o scddere cu
32.02%, cea antero-posterioara de 33.05%, in timp ce aria
elipsei cuprinzand 95% dintre date (Figura 2) ainregistrat o
diminuare cu126.29% (Tabelul 5, Figura 2).

Table 3: Variables selected for analysis for the 3 work sessions: preoperative, postoperative and recovery.
Average, standard deviation and coefficient of variation - subject no. 1
Tabelul 3: Variabilele selectate pentru analiza pentru cele 3 sesiuni de lucru: preoperator, postoperator si recuperare.
Media, deviatia standard si coeficientul de variatie - subiectul nr. 1

PREoperator POSToperator Recuperare
X=ML Y=AP X=ML Y=AP X=ML Y=AP

SUBIECTUL NR.1 ML-Xrange pP-YrangqV Avg Area95 ML-Xrange pP-YrangqdV Avg Aread5 |ML-XrangepP-YrangdV Avg Area95

Condition Trial cm cm cm/sec cm sq cm cm cm/sec cm sq cm cm cm/sec | cm sq
1 5.31 2.98 3.05 12.83 2.72 2.58 1.80 4.99 2.48 2.18 2.72 3.38
EOCB 2 3.28 3.04 2,72 8.86 2.84 1.73 1.90 3.66 3.67 2.60 2.87 5.44
3 3.12 3.44 2.82 7.32 2.42 2.65 2.00 4.72 2.72 2.33 271 4.00
MEDIA EO 3.90 3.15 2.86 9.67 2.66 2.32 1.90 4.46 2.96 2.37 2.77 4.27
Stdev 1.22 0.25 0.17 2.84 0.22 0.51 0.10 0.70 0.63 0.21 0.09 1.06
Cv 31.28 7.93 5.91 29.40 8.13| 22.08 5.26 15.77 21.28 8.98 3.24| 24.73
1 3.26 2.58 2.86 5.87 5.31 3.89 2.80 12.28 6.00 5.88 4.54| 15.96
ECCB 2 5.08 3.86 2.87 9.04 5.33 4.12 2.93 12.34 4.38 4.78 401 12.82
3 3.10 2.81 2.76 5.29 5.84 4.20 3.33 19.32 6.24 5.27 4.54| 22.26
MEDIA EC 3.81 3.08 2.83 6.73 5.49 4.07 3.02 14.65 5.54 5.31 4.36| 17.01
Stdev 1.10 0.68 0.06 2.02 0.30 0.16 0.28 4.05 1.01 0.55 0.31 4.81
Cv 28.84| 22.13 2.15 29.98 5.47 3.95 9.15 27.63 18.26| 10.38 7.01] 28.26
ROMBERG 0.98 0.98 0.99 0.70 2.07 1.75 1.59 3.29 1.87 2.24 1.58 3.98

Revista de Pielarie Incaltaminte 13 (2013) 2




G. STAN, D. PETCU, G. BERIJAN

In the absence of information provided by the
visual system, in the "eyes closed" condition, the data
indicate an increase in instability both for postoperative
compared to preoperative, and after recovery compared
to preoperative. Thus, confronting results after recovery
compared to preoperative, thereisanincrease of 31.17%
in the medio-lateral displacement, of 41.93% in anterior-
posterior displacement, while the average speed of COP
increases by 35.14%, and area of the ellipse by 60.42%.

Tn absenta informatiilor oferite de sistemul vizual,
in conditia ,,ochi inchisi”, datele indicd o crestere a
instabilitatii, atat postoperator fata de preoperator, cat
si dupa recuperare fata de preoperator. Astfel,
comparand rezultatele dupa recuperare fata de
preoperator, obtinem o crestere de 31.17% a deplasarii
medio-laterale, de 41.93% pentru deplasarea antero-
posterioara, in timp ce viteza medie a COP creste cu
35.14%, iar aria elipsei, cu 60.42%.

Table 4: Variables selected for analysis for the 3 work sessions: preoperative, postoperative and recovery.
Average, standard deviation and coefficient of variation - subject no. 2
Tabelul 4: Variabilele selectate pentru analiza pentru cele 3 sesiuni de lucru: preoperator, postoperator si recuperare.
Media, deviatia standard si coeficientul de variatie - subiectul nr. 2

PREoperator POSToperator Recuperare
X=ML Y=AP X=ML Y=AP X=ML Y=AP

SUBIECTUL NR. 2 ML-Xrange | AP-Yrange| V Avg | Area95 | ML-Xrange| AP-Yrange | V Avg | Area95 | ML-Xrange| AP-Yrange | V Avg | Area95

Condition Trial cm cm cm/sec | cm sq cm cm cm/sec | cm sq cm cm cm/sec| cm sq
1 2.02 2.39 1.62 3.91 1.98 2.56 2.02 2.88 2.49 1.95 1.99 4.17
EOCB 2 2.53 2.68 1.62 5.23 2.27 3.81 2.62 4.31 2.82 2.51 2.03 5.07
3 2.85 2.13 1.64 4.13 2.38 291 2.05 3.47 2.41 2.36 1.81 4.38
MEDIA EO 2.47 2.40 1.63| 4.42 2.21 3.09 2.23 3.55 2.57 2.27 1.94 4.54
Stdev 0.42 0.28| 0.01 0.71 0.21 0.64| 0.34 0.72 0.22 0.29 0.12 0.47
Cv| 16.97 1146/ 0.71| 15.99 9.85 20.85| 15.16| 20.22 8.45 12.75 6.03| 10.37
1 4.80 3.19 2.87 8.50 3.83 3.90 3.73 9.49 2.35 2.60 2.52 3.29
ECCB 2 513 2.68 295| 11.26 2.63 2.47 2.82 4.80 3.03 2.68 2.72 5.53
3 3.70 2.45 2.48 5.98 2.74 2.94 3.07 6.14 4.33 3.49 3.26 8.00
MEDIA EC 4.54 2.77 2.77 8.58 3.07 3.10 3.21 6.81 3.24 2.92 2.83 5.61
Stdev 0.75 0.38 0.25 2.64' 0.66 0.73 0.47 2.42 1.01 0.49 0.38 2.36
Cv! 16.48 13.66 9.09 50.78' 21.63 23.49| 14.66| 35.47 31.08 16.84| 13.51| 42.02
ROMBERG 1.84 1.16 1.70 1.94' 1.39 1.00 1.44 1.92 1.26 1.29 1.46 1.23

Data for subject no. 2 show a different behaviour Datele pentru subiectul nr. 2 indica un

compared to the first subject. Thus by comparing the
data from the recovery period with the preoperative, in
the presence of visual information, there was an increase
of 4.15% in the medio-lateral displacement, a decrease
of 5.57% in the anterior-posterior displacement, an
increase of 16.30% of average speed and an increase of
2.57% in the ellipse area. In the absence of visual
information, an increased stability is noticed compared
to subject no. 1, as evidenced by the decrease of 40.37%
in the medio-lateral displacement and of 53.03% in the
ellipse area, given that the antero-posterior
displacement and average speed had slight increases of
5.13and 2.35%, respectively (Table 5, Figure 2).

comportament diferit fata de primul subiect. Astfel
comparand datele dupa perioada de recuperare cu cele
preoperatorii, in prezenta informatiilor vizuale, s-a
inregistrat o crestere cu 4.15% a deplasarii
mediolaterale, o scadere cu 5.57% a deplasarii antero-
posterioare, o crestere cu 16.30% a vitezei medii si o
crestere de 2.57% a ariei elipsei. in absenta
informatiilor vizuale se observa o crestere a stabilitatii
comparativ cu subiectul nr. 1, evidentiata de scaderea
cu 40.37% a deplasarii medio-laterale si a ariei elipsei
cu 53.03%, in conditiile in care deplasarea antero-
posterioara si viteza medie au avut cresteri mici, de
5.13sirespectivde 2.35% (Tabelul 5, Figura 2).
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Table 5: Relative variation of selected stabilometric parameters
Tabelul 5: Variatia relativa a parametrilor stabilometrici selectati

EC- OCHI DESCHISI EC- OCHI INCHISI

Subiectul nr. 1 ML-Xrange AP-Yrange [V Avg Area95 |ML-Xrange |AP-Yrange |V Avg Areads

Preop / Postop -46.74 -35.92 -50.70[ -116.98 30.58 24.24 6.29 54.03
Postop / Rec 10.03 2.11 31.33 -4.29 0.84 23.35 30.79 13.91
Preop / Rec -32.02 -33.05 -3.49| -126.29 31.17 41.93 35.14 60.42
Subiectul nr. 2 ML-Xrange AP-Yrange |V Avg Area95 |ML-Xrange |AP-Yrange |V Avg Areads

Preop / Postop -11.61 22.41 27.06 -24.48 -48.15 10.63 13.72 -25.99
Postop / Rec 14.12 -36.07 -14.75 21.73 5.25 -6.16 -13.18 -21.46
Preop / Rec 4.15 -5.57 16.30 2.57 -40.37 5.13 2.35 -53.03

Note: “+” = increase in session 2 (ex. recovery) in relation to session 1 (ex. preoperative); “-”= decrease in session 2 in relation to session 1

Semnificatii: ,,+” = crestere in sesiunea 2 (ex. recuperare) in raport cu sesiunea 1 (ex. preoperator); ,-”= descrestere in sesiunea 2 in raport cu

sesiunea 1

Ellipse 95%-(cm)

a)

24

En

Eliipse 95%-(cm)

b)

Figure 1. Example for ellipse comprising 95% of data for the “eyes closed” condition:
a) preoperative, b) after recovery period
Figura 1. Exemplu pentru elipsa continand 95% dintre date pentru conditia ,,ochi inchisi”:
a) preoperator, b) dupa perioada de recuperare

Rome [17] has shown that rigid medical devices
(hardness of 70° - without specifying the hardness
scale) placed inside the shoes can improve postural
control in 4 weeks for subjects with overpronated feet,
such as subject no. 1. The explanation of this effect is
that by stabilizing the hindfoot and limiting
overpronation, a greater control is exerted over
internal rotation of the tibia, and therefore, of the knee,
implicitly leading to improved balance. Menz and Lord
[18] take into account a number of shoe design
parameters that can lead to an improved balance
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Rome [17] a demonstrat faptul ca dispozitivele
medicale rigide (duritate 70° - fara a se preciza scala de
duritate) introduse in incaltaminte pot Tmbunatati
controlul postural in timp de 4 saptamani pentru
subiectii avand picioare excesiv pronate, cum este cazul
subiectuluinr. 1. Explicatia acestui efect consta in faptul
ca prin stabilizarea retropiciorului si limitarea pronatiei
excesive se exercita un control mai mare asupra rotatiei
interne a tibiei si, implicit, a genunchiului si, in
consecinta, contribuie la Tmbunatatirea echilibrului.
Menz si Lord [18] iau in calcul o serie de parametri
constructivi ai incdltamintei care pot influenta
imbunatatirea echilibrului prin controlul frecarii cu
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through control of friction with the support area,
influencing moments of motion in the foot joints
through geometric design parameters or through
characteristics of the materials used in sole design.

18.00
16.00
14.00

10.00

6.00 55—55

3933

ML-Xrange AP-Yrange VAvg Areads

suprafata de sprijin, influentarea momentelor de
miscare din articulatiile piciorului prin parametrii
geometrici constructivi sau prin caracteristicile
materialelor utilizate la proiectarea talpii.

10.00
9.00 86
8.00

7.00 0.8

MEDIA EQ-preop:

MEDIA EC - preop:

MEDIA EQ-postop:
W MEDIA EC - postop:
4.00 36l WMEDIAEQ rec

31 3131 3.2
29 28
3.00 " 28 28
25
22 24 22
1.9

45 14 -

WMEDIAEC - rec

2.00 16
1.00

0.00

ML-Xrange AP-¥range VAvg Areads

b)

Figure 2. Variation of selected values for the 3 work sessions -
preoperative, postoperative and recovery: a) subject 1, b) subject 2
Figura 2. Variatia valorilor selectate pentru cele 3 sesiuni de lucru -

preoperator, postoperator si recuperare: a) subiectul 1, b) subiectul 2

The number of subjects analyzed in this paper is
very small - only 2 subjects - which prevents the
formulation of general conclusions. Furthermore, the
data reveals a contradictory behavior between the two
subjects, which can be explained by the difference
between the foot morphology of the 2 subjects (subject
1 has a flat foot with advanced hallux valgus in the right
foot, while subject no. 2 has an apparently normal
foot). Although the number of subjects participating in
this study is small, it should be considered that in the
normal activity of a clinic, the specialist should be able
to form a treatment plan starting from the individual
and sometimes contradictory results obtained from
testing. The presented results indicate an improved
balance for subject no. 2 compared to subject no. 1.
Based on data from the medical literature it is
recommended that subject no.1 be prescribed a
medical device - therapeutic shoes or foot orthoses to
improve balance in particular by reducing the medio-

Numarul de subiecti analizati in aceasta lucrare
este foarte mic — doar 2 subiecti — ceea ce impiedica
formularea unor concluzii generale. Mai mult, datele
releva un comportament contradictoriu intre cei doi
subiecti, comportament care poate fi explicat si prin
diferenta dintre morfologia picioarelor celor 2 subiecti
(subiectul 1 prezinta un picior plat cu halux valgus
avansat la piciorul drept, in timp ce piciorul subiectului
nr. 2 este aparent normal). Desi numarul subiectilor
participanti Tn acest studiu este mic, trebuie considerat
faptul ca 1n activitatea normald a unei clinici,
specialistul trebuie sa poatd sa-si formeze un plan
terapeutic plecand de la rezultatele individuale si
uneori contradictorii obtinute Tn urma testarilor.
Rezultatele prezentate indica o Tmbunatatire a
echilibrului pentru subiectul nr. 2 comparativ cu
subiectul nr. 1. Pe baza datelor din literatura medicala
putem considera ca in cazul subiectului nr. 1 este
indicata prescriptia unui dispozitiv medical -
incaltaminte terapeutica sau orteze pentru picior cu
rolul de a Tmbunatati echilibrului in special prin
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lateral sway. Thus, in order to reduce the ellipse area
containing 95% of the dataitisindicated to increase the
support area by using a lateral flare, while to reduce
medio-lateral sway, a customized foot orthose made of
rigid materials can be used. Also, the presented data
can be of great use to evaluate the recovery program,
given that in order to control movement in frontal and
sagittal planes, different muscle groups are involved.
Diminishing balance immediately after surgery is
consistent with the results of the study conducted by
Gstoettner [19], patients not being subjected to a
protocol of proprioception education before surgery. In
addition to decreased proprioception in the
postoperative period, another possible cause of
reduced stability is the low muscle tone and strength. If
patients are not subjected to the protocol of
proprioception education in the preoperative period,
the only way to increase the stability is by exercising
muscle groups, which can be done by using orthoses.

CONCLUSIONS

A correct posture is a prerequisite for the effective
functioning of the human body. Stabilometry is a
method for assessing static posture. In stabilometric
assessments, the force platform is a tool offering a
multitude of parameters which can be correlated with
both the risk of falls, maintaining a correct posture, the
effort required to maintain balance and the design
parameters of medical devices.

Efforts to standardize elements of stabilometric
procedures have led to establishing broad principles
but the results cannot be said to represent a consensus
of experts. The best example is that of foot position, for
which this paper presented no less than 4 variants. This
makes it difficult to compare the results of different
works and therefore increased attention should be paid
to specifying the procedures used.

In this work we studied the evolution of a
representative selection of stabilometric parameters
by analyzing two subjects who underwent surgery for
total knee arthroplasty. Assessments were made
preoperatively, postoperatively and after a recovery
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reducerea balansului medio-lateral. Astfel, pentru
reducerea ariei elipsei continand 95% dintre date este
indicata cresterea bazei de sprijin prin utilizarea unei
talpi cu suprafata marita (lateral flare), in timp ce
pentru reducerea balansului mediolateral poate fi
utilizata o orteza pentru picior individualizata, construita
din materiale rigide. De asemenea, datele prezente pot fi
de un real folos evaluarii programului de recuperare, dat
fiind faptul ca, pentru controlul miscarii in plan frontal si
sagital suntimplicate grupe musculare diferite.

Diminuarea echilibrului imediat postoperator este in
concordanta cu rezultatele studiului efectuat de
Gstoettner [19], pacientii nefiind supusi unui protocol de
educare a proprioceptieiin preoperator. Pe langa sciderea
proprioceptiei in perioada postoperatorie, o alta cauza
posibila a scaderii stabilitatii este reprezentata de scaderea
tonusului si fortei musculare. Daca pacientii nu sunt supusi
protocolului de educare a proprioceptiei in perioada
preoperatorie, singura posibilitate de crestere a stabilitatii
este reprezentatd de educarea grupelor musculare, ceea
cese poaterealiza prin utilizarea ortezelor.

CONCLUZII

O postura corecta reprezinta o conditie esentiala
pentru o functionare eficienta a corpului uman.
Stabilometria reprezinta o metoda de evaluare statica a
posturii. in cadrul evaluarilor stabilometrice, platforma
de forta reprezinta un instrument care ofera o
multitudine de parametri ce pot fi corelati atat cu riscul
de cadere, performanta mentinerii unei posturi
corecte, efortul necesar mentinerii echilibrului, catsi cu
parametrii constructiviai dispozitivelor medicale.

Eforturile de standardizare a elementelor
procedurilor stabilometrice au dus la enuntarea unor
principii generale, dar nu se poate afirma faptul ca
rezultatele obtinute reprezintd un consens al specialistilor.
Cel mai elocvent exemplu este cel al pozitiei picioarelor,
pentru care in aceasta lucrare s-au prezentat nu mai putin
de 4 variante. Acest fapt face dificila comparatia intre
rezultatele diferitelor lucrdri si, de aceea, o atentie sporita
trebuie acordata precizarii procedurilor folosite.

n cadrul acestei lucrdri s-a studiat evolutia unei
selectii a parametrilor stabilometrici reprezentativi,
fiind analizati 2 subiecti care au trecut printr-o
interventie chirurgicala de artroplastie a genunchiului.
Evaludrile au fost facute preoperator, postoperator si
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period of approximately one month. The main
parameters analyzed (COP displacement, average
speed of COP and ellipse area of 95%) are cited in the
literature as a reflection of general postural control and
are correlated with the technical parameters for the
design of medical devices having an active role in
maintaining balance.

The results reveal the existence of a different
behaviour in subjects after surgery. The formulation of
a general conclusion is impossible in this situation.
However, in clinical terms, the specialist should be
aware of the subjective response of each patient and
should base treatment prescription on both clinical
tests based on medical evidence and on the individual
response of the subjectin the procedure used.

The stabilometric assessment procedure to
provide technical parameters for design of medical
devices used in the conservative treatment of the
foot is dependent on the objective of stabilometric
assessment and must contain the following
elements:

- number of experimental sessions (e.g. reference
after conservative intervention after a period of
medical recovery);

- conditions: eyes closed (EC) and eyes open (EO).
The order of measurements is: open eyes followed by
closed eyes;

-measurementtime;

-number of tests for each condition;

-foot position;

- position of the body/arms;

-recording frequency;

-signalfiltering frequency;

- a favourable environment for conducting
stabilometric measurements (level of noise, distracting
elements etc.).

This procedure is applicable regardless of the type
of intervention: surgery or conservative intervention
(based on medical device). In Romania the medical
device design specialist is not involved in the
interdisciplinary team assessing patients pre- and post-
intervention. This paper shows the importance of
including such a specialist because, in the case of
subject no. 1, the existence of a bilateral flat foot and a

dupa o perioada de recuperare de aproximativ 1 luna.
Principalii parametri analizati (deplasarea COP, viteza
medie a COP si aria elipsei 95%) sunt citati in literatura
de specialitate ca fiind o reflectare a performantei
controlului postural general si sunt corelati cu
parametrii tehnici de proiectare a dispozitivelor
medicale cu rol activin mentinerea echilibrului.

Rezultatele obtinute au evidentiat existenta unui
comportament subiectiv diferit Tn urma interventiei
chirurgicale. Formularea unor concluzii generale este
imposibila Tn aceasta situatie. Totusi, din punct de
vedere clinic, specialistul trebuie sa fie constient de
raspunsul subiectiv al fiecarui pacient si sa-si bazeze
prescriptia tratamentului atat pe studiile clinice bazate
pe dovezile medicale, cat si pe raspunsul individual al
subiectuluiin cadrul procedurii folosite.

Procedura de evaluare stabilometricd pentru
furnizarea unor parametri tehnici de proiectare a
dispozitivelor medicale destinate tratamentului
conservativ al piciorului este dependenta de obiectivul
evaluarii stabilometrice si trebuie sa contina
urmatoarele elemente:

- numarul de sesiuni experimentale (spre
exemplu, referinta, dupa interventia conservativa,
dupad o perioada de recuperare medicald);

- conditii: ochi Tnchisi (EC) si ochi deschisi (EO).
Ordinea de efectuare a madsuratorilor este: ochi
deschisi urmata de ochiinchisi;

-timpul de masurare;

-numarul de probe pentrufiecare conditie;

- pozitia picioarelor;

- pozitia corpului/bratelor;

-frecventa deinregistrare;

-frecventa defiltrare a semnalului;

- un ambient propice pentru efectuarea
masuratorilor stabilometrice (nivel de zgomot,
elemente ce pot distrage atentia etc.).

Aceastd procedura este aplicabila indiferent de
tipul interventiei: interventie chirurgicala sau
interventie conservativa (bazata pe dispozitiv medical).
Tn Romania nu existd o practicd curentd in includerea
specialistului in proiectarea dispozitivelor medicale in
echipa interdisciplinara de evaluare pre si post
interventie a pacientilor. Lucrarea de fata arata
importanta includerii unui astfel de specialist,
deoarece, in cazul subiectuluinr. 1, existenta unui picior
plat bilateral si a unui halux valgus pronuntat unilateral
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pronounced unilateral hallux valgus negatively
influences gait biomechanics. Medical evidence shows
that medical devices are useful or recommended in

influenteaza biomecanica mersului intr-un mod
negativ. Dovezile medicale demonstreaza faptul ca
dispozitivele medicale sunt utile sau indicate in astfel de

situatii. Din aceste motive consideram ca un dispozitiv
medical — incaltaminte terapeutica — reprezinta o parte
integrantd a programului de recuperare.

such situations. For these reasons we believe that a
medical device - therapeutic shoes - is an integral part
of the rehabilitation program.
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