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Abstract:

This study aimed to compare selected kinematic variables of the lower limb during the gait

cycle while walking on a level and an inclined treadmill surface, with particular emphasis on
kinematic changes at the ankle joint. A descriptive case-study design with an analytical
approach was employed. The study involved one male athlete, aged 33 years, with a height of
1.74 m and a body mass of 76 kg. Walking performance was recorded using a digital camera
at a sampling rate of 60 frames per second, and the recordings were analyzed using Kinovea
motion analysis software. The participant walked at a constant speed of 4.5 km/h under two
conditions: a level treadmill surface and an inclined surface set at 3.1°. The analyzed variables
included vertical and horizontal position, total distance, relative vertical and horizontal
displacement, horizontal and vertical acceleration, resultant acceleration, ankle joint angle,
angular velocity, and centripetal acceleration.
The results showed changes in several kinematic variables when the participant transitioned
from the level to the inclined treadmill surface. At the ankle, the mean vertical position
increased from 10.36 to 10.75 cm, while the mean total distance increased from 40.71 to
42.82 cm. The mean horizontal acceleration increased from 0.46 to 0.55 m/s?, centripetal
acceleration increased from 0.03 to 0.10 m/s?, and resultant acceleration increased from 0.51
to 0.87 m/s2. The mean ankle joint angle showed a limited increase from 124.64° to 125.02°,
whereas a greater change was observed in the variability of angular velocity, with its standard
deviation increasing from 30.49 to 52.05°/s. Overall, within the limitations of this single-case
study, walking on a treadmill inclined at 3.1° was associated with modifications in the
kinematic pattern of the lower limb, particularly at the ankle joint, with the magnitude and
direction of change varying according to the kinematic variable and anatomical landmark.
These findings provide preliminary quantitative data that may contribute to future
investigations of the effects of treadmill inclination on gait biomechanics. Studies involving
larger samples are recommended to determine the generalizability of these findings.

Keywords: Kinematic analysis — Gait cycle — Motorized treadmill — Inclined surface —
Ankle joint — Lower limb — Single case study.
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Gasend) Ll sy el e 2] Jeate Jadlay Loty cdaad) D5l ae 3815301 (jlaccal Jadially
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S ¢ (4)5 (3) oSl b liniall Chluag dileanyl Cilydgal) c daesd) ikl L5,

aen adY) Glaby) 52l o aaiad A5s At Gask (°3.1) Ll asiall mhaddl )
el Jlea¥) aygi Aal) L) Slacal bl slady) gas Loyl Lalal)

S el g Ao ) 394t (Cm) Ash) Adlual) e cililnd AlaaY) Ciua gil) g (4) Jssa
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Al jlae Jya 8alyl eadl Caplall S Sl gnal) g las) (eSas Jsaill 12a o) asy
i) am il i e dide i Casillg

A0S ddlsall  lonl) Tacogiall o) 45)laal) cliinially i) (ga jeday A ddaiy ) dseillyy —
D5 Ay asial) mhadd) e (em 22.75) () sl mhad) e (cm 20.67) (s aiyl 28
Klas 14.61) $loaad) GhatV) s ae bl ((em 2.08) il jsad laiass (%10.07) sy
46.80) Al (cm 45.21) e dad Sl gLyl ge (cm 0.00) 2 dad sl ciliiy (14.88
Aoylae slall aad 8 Lacloas Tolial eday (31 (6) UK 3 S0 il dslas i aas - (em
Aalsad DU Sl (aall ydonl LN Jumbal ISH LY 820 mgwiag Gty ¢5) JSall
(Bl mhadl 358 Sl Al JhEial aeas Lol Boladll
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A Sl sl gl Limall reanll Sleall 48815 dlaiad (aSey Lo (DA duny il
LN V) 5ol Glaag

121 Ll - A g 30 Amaly — Aol Ay 300 A0S Lalad) Gla U algial) Alya
2026 :Adud) ¢ yde (paldl) 3l - E-ISSN:3105-4587



(Ejthad for Scientific Research) 4salall ciaSl sgiay) dlaa

S ) gina o diall 3940 (em) Asendl) Al 1) Aa) W) e il AlaaY) Cia gl gl g (5) Jsas

Y e (3.1°) Al siadall A gS pad) (o gia (s 5imuall) (g ead) (5 sisa
A 5 Sual | AN |l | Lt S| el | diam | hegd | dal)
B A | e | gl | ebead) | dagd | dad [ AaE | baal | abeal) | dand) slaay)

8.60% 12.84 -1.49 4.45 2.19 dalsll 12.94 | -1.43 4.54 2.01 dalsll

-27.53% | 135 -1.46 0.79 -0.31 s 1.88 | -1.79 1.10 -0.43 il (Ccm) Al Zaud 1 As) 391

78.16% 5.64 -2.67 2.38 -0.80 Ll 6.55 | -2.54 2.62 -0.45 Ll

(i) ) g B @‘1‘ ) pesll s (8) e ((gianall) o) (S5l Tl wQ BalY Al puasl qiags (7)
(8) Jally (Ausinsall Al (7) J<il) 3 Aslall clisiall clylisay (5) Joas (e gl =
chadl e (cm 2.01) (e piy) 38 JalSl) Azl dyatl) Zaaad )l Aal3Y) Jawsgia o (r2a5al) Allal)
Dy (%8.60) cualy joat Avady ¢°3.1) g Jasiall mhdl e (em 2.19) A (ssiall
Cinglig o(4.45) ) (4.54) O @) Cihall & Cigila (aleds) g o(cm 0.18) &l s
Al 3 (cm 12.84 5 1.497) G el cgiced) Aall 3 (cm 12.94 5 1.43) (o
O 5 A5 )lka (8) ISl b JalSl Zppustl) Al inte add 8 Catlall ¢ 1yY) AN L5aaial)
all LS sl lawal Sl sl (ggmnd) (52l & et (uSny o) 138 of Sl (7)

el 8133 dalye ol o) g s Aol il

Aol Al bl Tasiall o) 43R ciliasally bl (e eday A Al ) Ll -
(cm 0.31-) A (g5l mlandl Ao (cm 0.43=) (e zowdass JB Al a gas Joat 38 dasil
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syl g yall e LN Jalig A Jadal sl ad ) gaall aria o Liasll
Ll land) (368 JEI Spe i) acag d8Ual) eDigia

Lagiall padail 3 ¢(%78.16) il Al 5 oad Ao cila o a8 oo dual) A daid Ly eally 5 -
chadl e (cm 0.80-) ) ssiusall mhaadl e (em 0.45-) (3o Assaill Lual )l AaU  lusal
((2.38) N (2.62) e @lanal) Calyai) (mleail ga o(em 0.35-) il st laker ¢ sl
& (em 5.64 5 2.67-) (i el cgiasall L) 3 (cm 6.55 5 2.54-) c saall Canglig
Goe bz liils g ladl 5y ¢(8) ISl (8 inid) jlese poe U3 Aglhae iy L Bpaaid) Aa)
isis sy duedle Ll (b () A<t lllie e (3l Lo s paal) dasial ALl (el
O Amanall bl 2S5 AL o) e SLSEY) Al je Ay 8 Apasend) (558l LS5
sl saaiall hacdl ) JEY) o (8) 5 (7) oSl 8 ciliaia) cllusas Asleanl) clyial
Olasal Jal&l el (saall 2133 s ¢yl Jalaill Asglite Aoadl s bl Gyt (°3.1)
LSl pSanlly JA 5elS 33aal Jadially LI (2 590all Guatl) Jasialy Laiy ¢ aglall

LS ) Cp glasa o diall 390 (cm) duedl) AERY) As) JY) e il Alaal) Ciua gl pua gy (6) Jsaa
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el A A el | heal) | dagpad) | dad dag gl | al) | Ay slaayl
9.58% | 0.00 | -45.54 | 15.12 -24.05 Ja&i | 0.00 | -41.81 | 13.65 | -21.95 dall
40.84% | 2.37 | -20.34 8.00 -8.69 s 418 | -17.29 7.11 -6.17 EE (cm) Aawdlt 4881 da) 391
10.84% | 0.00 | -56.27 | 18.23 -28.12 Lidl | 0.00 | -49.78 | 16.11 | -25.37 | L
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123 Ll - A g 30 Amaly — Aol Ay 300 A0S Lalad) Gla U algial) Alya
2026 :Adud) ¢ yde (paldl) 3l - E-ISSN:3105-4587



(Ejthad for Scientific Research) 4salall ciaSl sgiay) dlaa

=) & (cm 41.81-) = dad jral iaia) Laiy (em 0.00) aie dad ST culdip (15.12)
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vie dad S cilip (18.23) ) (16.11) G (lamal) il ¢ L)) ae ¢(cm 2.757) &b
g @3 dilae Yiey . (cm 56.27-) ) (cm 49.78-) (e daid jrual Caaiil Laiy (cm 0.00)
L 52 cpadll Al ALl Glagl) 8 ~Lils Lagale Gae ym ¢(10) JS&N 6 nid) [l
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Al Jlea) aoysis L5ad) Lhain] Glawal allud) slad) s dyandil) Jalail) maead Lapcal)

124 Ll - A g 30 Amaly — Aol Ay 300 A0S Lalad) Gla U algial) Alya
2026 :Adud) ¢ yde (paldl) 3l - E-ISSN:3105-4587



(Ejthad for Scientific Research) 4salall ciaSl sgiay) dlaa

A ) gana (Ao (il B 941 (M) (AR B el e clilnd Alaal) Civa il gl sy (7) Jgis

Y ¢ (3.1°) Digls saatall AL gsl) juad) o glusa (ssinall) (Al gl ppaad) (5 giana
s e | A Seal | A | Basiad | LG S| el | AN | sl | LAY dial)
e b Aad | el | pleal) | Aagpddl) | Al Aad | ol | pleal) | duag il slaall
0.09(m/s?) 6.59 -6.39 2.75 0.55 Jalsll 5.65 | -7.50 2.92 0.46 dalll
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Al (12) J<all & Jalsll Y] gluall el Dbl Glasil) Bae o8 Jali jlasily aadll
L) adall 58 A gsg AEN) Ao juad) ¥ ama 3US 5Ly ey Joaill 13a of Sy ((11) ISl
el gyl Ala e ol Jaal) daglie  Jo caliall 2o
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Dle ae clld dggllas ey paaiall Al 8 (M/s? 10.405 7.93-) g deail cdagicaal) AN
sas gobuall Aad HS) 8 835 Langal) aedll dans s gLl Jw o(12) JSA G i)
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