
The aim of this study was to eval u ate  to tal knee
arthroplasty  suc cess, throw gait anal y sis of pa -
tients who were un der went a sur gery ac cord ing
to ob jec tive in di ca tors.
Ma te rial and meth ods: Four teen pa tients were
par tic i pated in our study who suf fered from a
cer tain type of gonarthrosis. Data were gath -
ered(col lected) us ing a com mer cial OptiTrack

sys tem for mo tion re cord ing us ing six in fra red cam -
eras. Mark ers were placed on pa tients’ lower ex trem i -
ties, on pre vi ously de ter mined an a tom i cal re gions. Af -
ter re cord ing the data were pro cessed us ing
com put ing en vi ron ment MATLAB. 
Re sults: Ob serv ing our lab re sults we no ticed a sig nif -
i cant re duc tion in range of mo tion (ROM) of ar thritic  
knees in re la tion to the healthy knees. ROM re duc tion 
is pri mar ily re lated to flexion and ex ten sion, as well as 
to me dial and lat eral trans la tion. Fol low ing the TKA,
ROM in creases, and these val ues get close to the val -
ues that were mea sured in a healthy knee. The re sults
were pre sented us ing graphs for a healthy, dam aged
and op er ated knee, and val ues of cor re spond ing pa -
ram e ters were given us ing ta bles.
Con clu sion: Us ing our re sults we showed that there is
a big dif fer ence in the move ment pat tern of pa tients
with gonarthrosis be fore and af ter the TKA and that
that dif fer ence can be de ter mined suc cess fully and
quickly us ing Optitrack sys tem.
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IN TRO DUC TION

Gonarthrosis is a de gen er a tive ill ness of the knee joi-
nt. It is char ac ter ized by pro gres sive deg ra da tion of

knee joint car ti lage. Knee arhtrosis causes pain, leads to
phys i cal dis abil ity and the loss in qual ity of life 1.

To tal knee arthroplasty is a treat ment of choice for the
ter mi nal sta dium of knee arhtrosis.The num ber of im -
planted knee endoprosthesis in creases ex po nen tially
around the world, and it in cludes youn ger pop u la tion 2,3.
To tal knee arthroplasty is a re li able method of treat ing
pa tients with this ill ness in or der to re duce pain and in -
crease knee joint func tion 4.

De gen er a tive changes in the knee joint lead to ab nor -
mal ity of the gait pat tern. Due to afore men tioned changes 
there is a re duc tion in knee joint move ment, which can
be de tected us ing biomechanical gait anal y sis. Re cord ing 
and data pro cess ing are done in spe cial ized lab o ra to ries
for gait anal y sis.  To eval u ate the suc cess of knee osteo-
arthritis us ing arthroplasty, ra di og ra phy (long stand ing
X-rays) that in di cates the po si tion of the im plant, and
sub jec tive clin i cal di ag nos tic tests are cur rently used.In
ev ery day clin i cal prac tice does not ex ist func tional tests
for as sess ment of the sur gery suc cess and im prove ment
of the pa tients gait. The aim of this study is to de ter mine
suc cess of the sur gi cal pro ce dure us ing gait anal y sis of
pa tients who un der went the sur gery, ac cord ing to ob jec -
tive in di ca tors in or der to re store range of mo tion of the
knee and gait nor mal iza tion. 

MA TE RI ALS AND METH ODS

Four teen pa tients were in cluded in the ex am i na tion,
whose av er age age was 68,79±5,98 years, and they had
an av er age weight of 81,5±16,18 kg, and av er age height
of 167,86±8,51cm. All pa tients suf fered from cer tain
type ofgonarthrosis (GA). GA was di ag nosed ac cord ing
to clin i cal ex am i na tion, and it was con firmed ac cord ing
to a ra dio graphic im age. Pa tients with osteoarthrosis
gradus 3 and 4 (Kellgren-Law rence clas si fi ca tion) were
in cluded in the study 5. Pa tient test ing and sur gi cal pro ce -
dures were con ducted at Clin i cal Cen ter Kragujevac ac -
cord ing to rules of the Hel sinki dec la ra tion and good
clin i cal prac tice with ap proval of the lo cal Eth i cal Com -
mit tee.
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In or der to better un der stand the ill ness and mo tion lim -
i ta tions, gait anal y sis was con ducted us ing OptiTrack
sys tem.

OPTITRACK SYS TEM

Ki ne matic data were col lected us ing com mer cial 3D
OptiTrack sys tem for mo tion anal y sis. The sys tem con -
sists of six in fra red cam eras (Flex 3) that re corded the
mo tion of flu o res cent mark ers (10 mm in di am e ter) and
of mon i tor ing soft ware ARENA (Fig. 1).Mark ers were
placed on pa tients’ lower ex trem i ties, on pre cisely de ter -
mined an a tom i cal re gions: on great trochanter re gion,
mid dle of the fe mur, lat eral epycondyle of the fe mur,
tuberosity of the tibia, mid dle of tibia and on the cen ter
of the an kle joint (Fig. 2). The mark ers were fas tened us -
ing stick ing plas ters that were di rectly ap plied to the skin.

Ac cord ing to the pro to col, the pa tients had a task to
freely move on a hor i zon tal path in the length of 5m (Fig. 
3). The task was per formed twice. Firstly the mo tions
were re corded on the dam aged, and then on the healthy
leg. Af ter re cord ing and data pro cess ing us ing the com -
put ing en vi ron ment MATLAB, as a re sult, a se ries of 3D
co or di nates from marker po si tions is ob tained, in func -
tion of time for each placed marker. The mark ers are pur -
pose fully placed on the lower ex trem i ties to mark the be -

gin ning and the end of a vec tor. Us ing the po si tion of
marker co or di nates, it is pos si ble to de ter mine a change
in flexion de gree, and a change in me dial lat eral trans la -
tion. Knee joint flexion is cal cu lated ac cord ing to the an -
gle be tween two vec tors (Fig. 4):

Where are:
V1.V2 -Sca lar sum of two vec tors, 
-Vec tor in ten sity be tween pints A(x1,y1) and B(x2,y2),

and  
-Vec tor in ten sity be tween points C(x3,y3) and D(x4,y4).
De ter mi na tion of me dial lat eral (ML) trans la tion

(dCLM) is done us ing suc ces sive di vi sion of marker po -
si tion co or di nates (placed on tuberosity of tibia) along
me dial lat eral di rec tion:

RESULTS

Ta ble 1 shows av er age val ues of changes in knee
flexion and me dial lat eral trans la tion for the phases
Load ing re sponse, Mid stance, Ter mi nal stance and Pre
swing on the knee with GA, on contralateral healthy
knee, and af ter op er a tion.

Fig. 5a and 5b show flexion and ML trans la tion on OA
knee. The curve on the di a gram 5a in di cates that the knee 
is slightly flexed dur ing the com plete stand ing phase, and 
that the an gle of leg flexion re mains un changed. Be fore
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FIG URE 1.
OPTITRACK SYS TEM: A) OP TI CAL CAM ERA FLEX 3, B) FLU O RES CENT MARK ERS, AND C) SOFT WARE ARENA

FIG URE 3. 
EX PER I MEN TAL SET TING

FIG URE 2. 
MARKER PO SI TION



the Swing phase, knee flexes slightly. Di a gram on the
pic ture 5b shows ML move ment which is close to zero.

Fig.5c and 5d show flexion and ML trans la tion on the
contralateral healthy knee. Di a gram is char ac ter ized by
two am pli tude rises. The first rise ap pears in Load ing re -
sponse phase, and the sec ond one dur ing Swing phase.
There is a slight ML trans la tion dur ing the en tire gait cy -
cle on the healthy knee.

Fig.5e and 5f show flexion and ML trans la tion on the
knee with pros the sis. Flexion di a gram has a shape of the
di a gram of healthy contralateral leg, and two am pli tude
rises ap pear in stand ing and Swing phases. ML trans la -
tion ap pears dur ing the en tire gait cy cle.

DIS CUS SION

Many stud ies deal with gait anal y sis of all joints on the
lower ex trem i ties us ing mod ern op ti cal 3D de vices for
mo tion re cord ing6-11. Thus G L. Hat field et al. used
OptiTrack sys tem 3020 (North ern Dig i tal, Inc, Waterloo,
On tario, Can ada) to an a lyze gait pa ram e ters with knee
osteoarthritis12. Also A. Bonnefoy-Mazure et al. used
Vicon sys tem (VICON Peak, Ox ford, UK). They con -
ducted gait anal y sis us ing twelve in fra red cam eras. Flu o -
res cent mark ers were used in our study, and po si tioned
on the pa tients’ body 13.

Knee osteoarthritis leads to the re duc tion of mo tion and 
de fi cien cies of gait pat tern. Our find ings showed a very
sig nif i cant mo tion re duc tion on de fi cient knees in re la -
tion to healthy knees. Mo tion re duc tion in our re search is
pri mar ily con cerned with flexion and ex ten sion,and sec -
ondly me dial and lat eral trans la tion  (Tabl. 1, Fig. 5a and
5b) 14,15.

Fol low ing the knee pros the sis im plan ta tion, range of
mo tion in creases re gard ing knee flexion/ex ten sion and
me dial/lat eral trans la tion, which is sim i lar with the
healthy knee (Fig. 5c, 5d, 5e, 5f). Two am pli tudes are
clearly pres ent in stand ing phase dur ing knee ex ten sion,
and in the swing phase with knee flexion. Also in creased
me dial/lat eral trans la tion for the en tire gait cy cle is vis i -
ble with the treated knee, and these val ues ap proach the
val ues that were mea sured on a healthy knee dur ing pre -
vi ous re searches 12,16,17.

Knee endoprosthesis im plan ta tion af fects gait pat tern
what con firmed Aenon Lee et al. They com pared the gait 
anal y sis of young women af ter the im plan ta tion of knee
endoprosthesis with gait anal y sis of healthy women 18.

CON CLU SION

With our re sults we have shown that there is a clear dif -
fer ence be tween a gait pat tern in pa tients with
gonarthrosis be fore and af ter endoprosthesisimplantation, 
and that that dif fer ence can be suc cess fully and quickly
de ter mined us ing Optitrack sys tem. Fur ther ex am i na tion
are di rected to com par a tive anal y sis of knee mo tion af ter
arthroplasty de pend ing on the type of endoprosthesis. 

Br. 1 Gait anal y sis of pa tients fol low ing totalcondylar knee arthroplasty 29

TABLE 1

AVERAGE VALUES OF FLEXION DEGREE
CHANGE AND ML TRANSLATION FOR PHASES
LOADING RESPONSE, MID STANCE, TERMINAL
STANCE AND SWING ON THE KNEE WITH GA,
ON CONTRALATERAL HEALTHY KNEE, AND

AFTER OPERATION

Knee Phase Flexion, %
ML translation,

mm

OA

Loading response 4.03+0.05 0.07+0.17

Mid stance 4.35+0.17 -0.02+0.14

Terminal stance 4.62+0.14 0.11+0.09

Swing 8.11+3.68 0+0.17

Healthy

Loading response 12.62+1.07 0.23+0.17

Mid stance 18.63+2.59 0.14+0.51

Terminal stance 17.29+1.46 0.43+0.38

Swing 39.65+12.55 0+0.31

Prosthesis

Loading response 24.16+0.63 0.14+0.53

Mid stance 25.53+1.38 0.25+0.27

Terminal stance 27.51+0.87 0.75+0.17

Swing 36.53+3.81 0.08+0.84

FIG URE 4.  
VEC TOR PO SI TION ON THE LEG 

Leg end: - vec tors; A(x1,y1) – be gin ning of vec tor; B(x2,y2) – end
of vec tor; C(x3,y3) – be gin ning of vec tor ; D(x4,y4) – end of vec -
tor; è – de grees of knee flexion; (CLM)i,mm – po si tion of C point
in i-th mo ment;  (CLM)i+1,mm - po si tion of C point in i+1-th mo -
ment; MLp – me dial lat eral di rec tion; APp – an te rior pos te rior di -
rec tion; ISp – in fe rior su pe rior di rec tion



SUM MARY

ANALIZA HODA PACIJENATA NAKON UGRADNJE

TOTALNE ENDOPROTEZE KOLENA

Cilj studije je da na osnovu objektivnih pokazatelja
definišemo uspešnost totalne artroplastike kolena, kroz
analizu hoda operisanih bolesnika.

Materijal i metode: U ispitivanju je u~estvovalo 14
pacijenata koji su imali neki oblik gonartroze. Podaci su
zabele`eni koriš}enjem komercijalnog OptiTrack sistema 
za snimanje kretanja sa šest infracrvenih kamera. Markeri 
su postavljani na donje ekstremitete pacijenata, i to u
taè~no odre|enim anatomskim regionima. Nakon
izvršenog snimanja, podaci su obra|eni koriš}enjem
programskog okru`enja MATLAB.
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FIG URE 5D. 
CHANGE IN FLEXION DE GREE AND ML TRANS LA TION: 
CONTRALATERAL HEALTHY KNEE 

FIG URE 5F. 
CHANGE IN FLEXION DE GREE AND ML TRANS LA TION:
AF TER OP ER A TION

FIG URE 5E. 
CHANGE IN FLEXION DE GREE AND ML TRANS LA TION:
AF TER OP ER A TION

FIG URE 5C.   
CHANGE IN FLEXION DE GREE AND ML TRANS LA TION:
CONTRALATERAL HEALTHY KNEE , 

FIG URE 5A   
CHANGE IN FLEXION DE GREE AND ML TRANS LA TION:
FOR THE KNEE WITH GA, 

FIG URE 5.B  
CHANGE IN FLEXION DE GREE AND ML TRANS LA TION:
FOR THE KNEE WITH GA, 



Rezultati: Merenjem smo dobili veoma izra`enu
redukciju u pokretima kod obolelih kolena u odnosu na
zdrava. Redukcija pokreta se prvenstveno odnosi na
fleksiju i ekstenziju, kao i na medijalnu i lateralnu
translaciju. Nakon ugradnje proteze kolena, obim pokreta 
se pove}ava i vrednosti se pribli`avaju vrednostima koje
su izmerene na zdravom kolenu. Rezultati su prezen-
tovani graficima za zdravo, bolesno i operisano koleno, a
vrednosti odgovaraju}ih parametara su date tabelarno.

Zaklju~ak: Našim rezultatima smo pokazali da postoji
jasna razlika u obrascu kretanja kod pacijenata sa gonar-
trozom pre i posle ugradnje endoproteze i da se ta razlika
uspešno i brzo mo`e utvrditi uz pomo} OptiTrack sis-
tema.

Klju~ène re~èi: Gonarthrosis, Gait anal y sis,
Flexion/ex ten sion of the knee,
Me dial/lat eral trans la tion
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