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A B S T R A C T

Presented study gives findings of temporal-spatial kinematic gait analysis in 12 male adults, war trauma transtibial

(TT) amputees fitted with prosthesis compared to 12 able-bodied persons. Results disclose asymmetries between the am-

putated, prosthetic and healthy legs of amputees, as well as between TT amputees and non-disabled persons. Amputees

in comparison with able-bodied persons, generally, showed significantly increased swing-time (ms) (p<0.01). Prosthetic,

right legs of amputees showed decreased stance-phase (ms and % GC) (p<0.01) and increased swing-time (ms) (p<0.05),

compared with right legs of able-bodied persons while statistical significance was reached (p<0.01) for decreased stance-

-time (% stride and ms), increased swing-time (% stride and ms), decreased swing velocity (m/s), increased anterior step

length and decreased stride length (p<0.05), compared with contra lateral, left legs of amputees. Our conclusion is that

instrumented kinematic gait analysis study is able to provide assessment about the way prosthetic TT amputees walk.
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Introduction

Kinematic procedures are aimed at measuring spatial
motion of the body and limb segments during represen-
tative walking strides. Temporal and spatial kinematic
gait parameters, specifically, provide fundamental timing
and position information about a person’s gait. During
stationary walking, gait cycle (stride) is a cyclic pattern
of movement that is repeated. The stance is comprised of
5 gait phases (i.e., initial contact, loading response, mid
stance, terminal stance and preswing). It is further sub-
divided into 3 segments, including initial double stance,
single limb stance and terminal double limb stance. Each
double stance period accounts for 10% of the GC, while
single stance typically represents 40%, about 60% total
(all percentage are approximate values). Swing phase is
the period of single support during the gait cycle, pre-
sented during remaining 40% of the GC. The duration of
a stride is the interval between sequential initial floor
contacts by the same limb. A step is recognized as the in-
terval between sequential floor contacts (heel strike) by
ipsi-lateral and contra-lateral limbs. Two steps make up
each gait stride, which is roughly symmetric in normal

individuals. Cadence is a number steps/strides per unit of
time. Step length is the projected distance from one to
the next single support phase of left and right feet, while
stride length is the projected distance between two posi-
tions (from one single support phase to the next single
support phase) of the same foot along an anterior-poste-
rior line drawn in the direction of ambulation. Healthy
persons walk with almost symmetrical parameters for
right and left leg1–4.

Amputees with war trauma related amputation, rep-
resent a very specific group of patients, first of all be-
cause of their age, mostly young adults. During the war
in Croatia (1991–1995) in the Institute for Rehabilitation
and Orthopedic Devices University Hospital Center Za-
greb, 864 amputated casualties were rehabilitated and
prosthetically equipped5.

Although they have great potential for good ambulat-
ing with effective prosthesis, after appropriate rehabili-
tation, very often they adapt a unique way of walking
which differs from able-bodied persons. Amputee sub-
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jects, prosthesis users typically demonstrate gait pat-
terns that are different from those of able-bodied individ-
uals. The more distal the amputation, the better control
the amputee has of his prosthesis, the more efficient the
gait, and the more closely their pattern of walking resem-
bles that of able-bodied persons6–12.

This paper is aimed at presenting and analyzing spa-
tio-temporal kinematic characteristics of gait in trau-
matic transtibial amputees, in comparison to able-bodied
persons. It is a part of a broader systematic biomecha-
nical studies of human walking, undertaken in The Bio-
mechanics Laboratory Faculty of Kinesiology University
of Zagreb, in values of projects: »Automated motion cap-
ture and expert evaluation in the study of locomotion«
and »Real-life data measurements and characterization«,
realized with the support of The Ministry of Science, Ed-
ucation and Sports, Republic of Croatia. The following
theses report details of the findings attained13,14.

Material and Methods

Kinematics characteristics of the body and limb seg-
ments were assessed by optoelectronic system Elite Bio-
mech (BTS Bioengineering, Milano) with eight-camera
(100 Hz), high-speed video system (2 camera 30 Hz) and
control PC unit, including adequate software. Markers
were placed, according to Davis protocol, over predefined
body landmarks on the trunk, pelvis and legs; examining
3 joints each in 2 limbs in sagittal, frontal and transverse
plane15 (Figure 1). As the patient walks through the lab,
the three-dimensional location of each marker is de-
tected by multiple infrared cameras. They were used to
track the 3-dimensional locations of individual body seg-
ments throughout a gait cycle. A biomechanical model is
applied to the marker series to calculate the three-di-
mensional motion of each body segment. Simultaneously,
kinetic measurements and dynamic electromyography
(EMG) were performed. After a period of adaptation to
the laboratory conditions and the equipment used and
after informing about the purpose of study, the subject
was asked to walk at free cadence16,17. The experimental

sessions were carried out in the Biomechanics Labora-
tory at the Faculty of Kinesiology in Zagreb (Figure 2 and
3). Prosthetic rehabilitation of all TT amputees was per-
formed in Institute for Rehabilitation and Orthopedic
Devices University Hospital Center Zagreb in Zagreb.

Study population consisted of twelve (12) males with
right trans-tibial traumatic amputation in mean age
40.25+6 years (31–52) volunteered to participate in this
study (Table 1). They were all war victims, mostly in-
jured by means of land mines, in the period 1991–1995.
All patients had completed a prosthetic training program
at the Institute for Rehabilitation and Orthopedic De-
vices (IROD) University Hospital Center Zagreb. All sub-
jects were excellent walkers who used their prosthesis on

I. Kova~ et al.: Kinematic Gait Analysis in Transtibial Amputees, Coll. Antropol. 34 (2010) Suppl. 1: 205–213

206

Fig. 1. Graphical representation of kinematics optoelectronic

system and kinetic (force platform) motion analysis system.

Fig. 2. Able-bodied person from control group equipped with

reflective markers walking through the motion analysis center.

Fig. 3. Patient walking through the motion analysis center with

reflective markers.



a regular basis and were leading an normal active life.
They were not suffering from any severe concurrent ill-
nesses. Prosthetic alignment was similar for all patients.
All trans-tibial prosthesis had full contact socket. Pros-
thetic feet were similar, but not the same type (Dynamic
foot had 7 patients, Greissenger foot had 2 patients and

Flex foot walk had 2 patients). The sample for the study
was selected to be homogeneous according to etiology of
amputation, gender and age of amputees, but it was not
possible to provide the same type of all prosthetic compo-
nents. The time lapse between the date of amputation
and the time of testing ranged from 8 to 12 years (mean
time 10.08+1.5 years). Control group study consisted of
12 non-amputated males with normal gait, in mean age
37.46±5.25 years (27–44). They were employees in Cro-
atian Armed Forces, in good health condition but were
not specially trained in sport or another physical activity.
Their anthropometric characteristics were similar to tho-
se in amputee group.

From all kinematic variables which could be studied,
a total of 11 variables were selected and than statistically
analyzed; for group of 12 TT amputees and for 12 non-
-amputated persons. Six temporal parameters and 5 dis-
tance parameters of gait cycle were analyzed; nomencla-
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TABLE 1
STUDY POPULATION: 12 MALES WITH RIGHT TRANS-TIBIAL
TRAUMATIC AMPUTATION AND CONTROL GROUP STUDY: 12

NON-AMPUTATED MALES

Study population: 12
males with right TT

traumatic amputation

Control group study:
12 non-amputated

males

Mean age (yrs) 40.25±6 (31–52) 37.46±5.25 (27–44)

Mass (kg) 88.08±16.5 (62–111) 86.38±10.03 (74–103)

Height (cm) 182.08±5.1 (175–191) 177.9±5.0 (173–188)

TABLE 2
RESULTS (MEAN VALUES AND SD) OF TEMPORAL MEASUREMENTS FOR AMPUTEES AND ABLE-BODIED PERSONS

Variable Leg Number of measurements X SD

Stance time__ms R PRO A 11 680.90 55.22

Stance time__ms R L C 13 678.77 31.08

Stance time__ms L L A 11 716.36 52.01

Stance time__ms L L C 13 680.21 27.04

Swing time__ms R PRO A 11 470.91 43.00

Swing time__ms R L C 13 415.96 39.87

Swing time__ms L L A 11 429.09 32.08

Swing time__ms L L C 13 416.79 34.67

Stance time_ % stride R PRO A 11 59.27 2.24

Stance time_ % stride R L C 13 62.01 1.79

Stance time_ % stride L L A 11 62.54 1.04

Stance time_ % stride L LC 13 62.12 1.55

Swing time_ % stride R PRO A 11 40.73 2.24

Swing time_ % stride R L C 13 37.64 1.78

Swing time_ % stride L L A 11 38.00 1.03

Swing time_ % stride L L C 13 38.90 1.55

Stride time__ms R PRO A 11 1150.91 80.43

Stride time__ms R L C 13 1094.73 62.77

Stride time__ms L L A 11 1145.45 80.67

Stride time__ms L L C 13 1097.00 55.53

Double supp _time__ms R PRO A 11 123.64 27.67

Double supp time__ms R L C 13 131.54 14.78

Double supp_time__ms L L A 11 128.18 21.83

Double supp time__ms L L C 13 132.18 17.235

Double supp time – % stride R PRO A 11 10.73 2.15

Double supp time_ % stride R L C 13 12.05 1.66

Double supp time_ % stride L L A 11 11.10 1.51

Double supp time_ % stride L L C 13 12.18 1.84

R PRO A – right leg (prosthesis) of amputees; L L A – left leg (sound) of amputees
R L C – right leg of able-bodied persons, control group; L L C – left leg of able-bodied persons, control group



ture according to manufacturer of optoelectronic system
Elite Biomech (BTS Bioengineering, Milano). Temporal
parameters (msec) were: Stance time [msec], Swing time
[msec], Stance time [% stride], Swing time [% stride],
Stride time [msec], Cadence [step/min], Double supp.
time [msec], Double supp. [% stride] while distance para-
meters were: Anterior step length [mm], Velocity [m/sec],
Swing velocity [m/sec], Stride length [mm], Step width
[mm], Mean velocity [m/sec]. The data were processed by
using means differences with standard t-test; p-test was
modified because of multiple tests (3´12=36). Statistical
Software SAS procedure MULTTEST was used. Results
were compared, by means of statistical method: a) in gen-
erally, TT amputees-able-bodied persons, b) right, pros-
thetic legs of TT amputees – right legs of non able-bodied
persons and c) left legs of TT amputees-lefts legs of
non-able persons. As well, kinematic measurements re-
sults of prosthetic legs were analyzed by comparison
with results of left, healthy legs of amputees.

Results

Results of kinematic measurements of temporal and
spatial measurements for prosthetic and healthy, contra-
lateral leg of amputees and both legs of able-bodied per-
sons are presented by mean values and SD (Table 2 and
3) and presented by Box plot diagrams (Figure 4, 5 and
6). Results of statistical testing of kinematic outcomes,
presented in Table 4 show a statistically significant dif-

ference in comparison between: a) amputees to able-bod-
ied persons, b) right prosthetic legs to left, sound legs of
amputees and c) left legs of amputees to left legs of
able-bodied persons for several parameters: a) swing-
-time (ms) p=0.0579, comparing amputees to able-bodied
persons, b) swing-time (ms) p=0.0182, comparing right
legs of able-bodied persons, control group with right
prosthetic legs, c) swing-time % stride p=0.0072, com-
paring right legs of able-bodied persons, control group
with right prosthetic legs and d) stance-time % stride
p=0.0072, comparing right legs of able-bodied persons,
control group with right prosthetic legs. No statistically
significant difference was established for other variables.

Comparison of kinematic results between amputee
persons and control group persons without amputation,
generally, (AP-CG: amputees – control group) showed
that significant difference p=0.0579 was reached for
swing time (ms). Swing time (ms) was 470.91 ms for
prosthesis (R PRO A); 429.09 ms for left leg of amputees
and 415.96 ms for right leg and 416.79 ms for left leg of
able-bodied persons.

Results of analysis of temporal measurements for
prosthetic legs in comparison amputees to able-bodied
persons, right prosthetic legs to left, sound legs of ampu-
tees and left legs of amputees to left legs of able-bodied
persons showed statistically significant differences for
several parameters: 1) decreased stance time (% stride):
59.3% stride for prosthesis (R PRO A); 62.5% stride for
left leg of amputees and both legs off able-bodied persons
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TABLE 3
RESULTS (MEAN VALUES AND SD) OF SPATIAL MEASUREMENTS FOR AMPUTEES AND ABLE-BODIED PERSONS

Variable Leg Number of measurements X SD

Anterior step length__mm R PRO A 11 753.71 51.45

Anterior step length__mm R L C 13 702.96 40.87

Anterior step length__mm L L A 11 678.95 50.67

Anterior step length__mm L L C 13 714.23 62.46

Velocity__m_s R PRO A 11 1.23 0.12

Velocity__m_s R L C 13 1.30 0.15

Velocity__m_s L L A 11 1.26 0.11

Velocity__m_s L L C 13 1.30 0.15

Swing velocity__m_s R PRO A 11 3.02 0.29

Swing velocity__m_s R L C 13 3.4505 050

Swing velocity__m_s L L A 11 3.36 0.32

Swing velocity__m_s L L C 13 3.45 0.52

Stride length__mm R PRO A 11 1409.04 84.59

Stride length__mm R L C 13 1413.85 99.10

Stride length__mm L L A 11 1438.58 65.16

Stride length__mm L L C 13 1394.58 134.27

Cadence__step_min R PRO A 11 104.91 7.78

Cadence__step_min R L C 13 109.93 5.99

Cadence__step_min L L A 11 105.09 7.57

R PRO A – right leg (prosthesis) of amputees; L L A – left leg (sound) of amputees
R L C – right leg of able-bodied persons, control group; L L C – left leg of able-bodied persons, control group



(right leg 62% stride, left leg 63% stride). Statistically
significant difference was reached in comparison with
right legs of able-bodied persons, p=0.0072 increased
swing time (% stride): 40.73% stride for prosthesis (R
PRO A); 37.64 % stride for left leg of amputees and both
legs off able-bodied persons (right leg 38% stride, left leg
37.9% stride). Statistically significant difference was rea-
ched in comparison with right legs of able-bodied per-
sons, p=0.0072 and 3) increased swing time (ms): 470.91

ms for prosthesis (R PRO A); 429.09 ms for left leg of am-
putees and both legs off able-bodied persons (415.96
ms-right leg, left leg 416.79 ms). Statistically significant
difference was reached in comparison with right legs of
able-bodied persons, p=0.0182.

Right legs of able-bodied persons from control group
reach statistically significant differences for some tempo-
ral measurements like: 1) increased stance time (% stri-
de) for right legs of able-bodied persons of 62.02% stride
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Fig. 4. Results for temporal kinematic variables: Stance-time

(ms), Swing-time (ms), Stance-time (% stride) and Swing-time

(% stride), for the amputees and control group, presented by Box

plot diagrams, D INV – right leg (prosthesis) of amputees; L INV

– left leg (sound) of amputee, D ZDR – right leg of able-bodied

persons, control group and L ZDR-left leg of able-bodied persons,

control group.

Fig. 5. Results for temporal kinematics variables: Stride-time (ms),

Double-supp-time (ms), Double-supp-time (% stride) and Caden-

ce (step-min), for the amputees and control group, presented by

Box plot diagrams, D INV – right leg (prosthesis) of amputees; L

INV – left leg (sound) of amputees, D ZDR – right leg of able-bod-

ied persons, control group, L ZDR-left leg of able-bodied persons,

control group.

TABLE 4
STATISTICALLY SIGNIFICANT DIFFERENCES OF RESULTS BY MEANS OF STANDARD AND MODIFIED T-TESTS (P-VALUES) FOR ALL

KINEMATIC PARAMETERS COMPARING: A) AMPUTEES TO ABLE-BODIED PERSONS, B) RIGHT PROSTHETIC LEGS TO LEFT LEGS OF
AMPUTEES AND C) LEFT LEGS OF AMPUTEES TO LEFT LEGS OF ABLE-BODIED PERSONS

p-values

Variables Comparison Standard t-test Modified t-test

Swing-time-ms AP vs. CG 0.0035 0.0597*
0.05<p<0.1

Swing-time-ms R L C vs. R PRO A 0.0009 0.0182++

0.01<p<0.05

Swing-time % stride R L C vs. R PRO A 0.0003 0.0072***
p<0.01

Stance-time % stride R L C vs. R PRO A 0.0003 0.0071***
p<0.01

R PRO A – right leg (prosthesis) of amputees; L L A – left leg (sound) of amputees,
R L C – right leg of able-bodied persons, control group, L L C – left leg of able-bodied persons, control group,
AP-CG – amputees – control group
p – level of significance: *0.05<p<0.1, **0.01<p<0.05, ***p<0.01)



comparing to 59.27% stride for prosthetic legs, while de-
creased from left legs of able-bodied persons (62.55%
stride). Statistically significant difference was reached in
comparison between right legs of able-bodied persons
and prosthetic legs of amputees, p=0.0072; 2) decreased
swing time (ms) for right legs of able-bodied persons of

415.96 ms, comparing to 470.91 ms for prosthetic legs of
amputees and left legs of amputee persons (429.09 ms)
and left legs of able-bodied persons (416.79 ms). Statis-
tically significant difference was reached in comparison
between right legs of able-bodied persons and right, pros-
thetic legs of amputees, p=0.0182 and 3) decreased swing
time (% stride) for right legs of able-bodied persons of
38.0% stride comparing to 40.73% stride for prosthetic
legs while increased in comparison with left legs of am-
putee persons (37.64% stride) and left legs of able-bodied
persons (37.90% stride). Statistically significant differ-
ence was reached in comparison between right legs of
able-bodied persons and right, prosthetic legs of ampu-
tees, p=0.0072.

For all other results of temporal or spatial measure-
ments which did not reach statistically significant differ-
ence, it has to be pointed out that if number of patients
had been greater, maybe some of these results could have
reached statistical significance.

Results of kinematic outcomes of temporal and spa-
tial parameters for prosthetic legs (R PRO A) and left
legs of amputee persons (L L C) were statistically ana-
lyzed by comparison of results between both of them.
The data were processed by using means values, as pre-
sented in Table 5, while differences with standard t-test
and with nonparametric tests for dependent pairs, pre-
sented in Table 6. Statistical Software SAS procedure
MULTTEST was used.

Statistically significant kinematic results for right
prosthetic legs comparing to the left, sound legs of ampu-
tees, presented in Table 5, were reached for 7 parameters
: 1) increased anterior step length (mm): 753.71±51.45 mm
vs. 678.9±50.66mm; p=0.0052, 2) decreased stance-time
(% stride): 59.27±2.24 % stride vs. 62.54±1.036 % stride,
p=0.0010, 3) decreased stance time [ms]: 680.90±55.21
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Fig. 6. Results for distance kinematic variables: Anterior step len-

gth (mm), Velocity (m/s), Swing-velocity (m/s) and Stride-length

(mm), for the amputees and control group, presented by Box plot

diagram, D INV – right leg (prosthesis) of amputees, L INV – left

leg (sound) of amputees, D ZDR – right leg of able-bodied per-

sons, control group, L ZDR-left leg of able-bodied persons, con-

trol group.

TABLE 5
RESULTS (MEAN VALUES AND SD) FOR 13 TEMPORAL-SPATIAL PARAMETERS FOR RIGHT, PROSTHETIC LEGS AND FOR LEFT LEGS

OF TT AMPUTEES

Variable PROSTHESIS (R PRO A) X±SD HEALTHY LEG (L L A) X±SD Number of trials

Stance_time__ms 680.91±55.22 716.36±52.01 11

Swing_time__ms 470.91±43.00 429.10±32.08 11

Stance_time_ % CH 59.27±2.24 62.55±1.036 11

Swing_time_ % CH 40.73±2.24 37.64±1.03 11

Stride_time_ms 1150.91±80.43 1145.45±80.67 11

Double supp_time__ms 123.64±27.67 128.18±21.83 11

Double supp__time_ % CH 10.73±2.15 11.09±1.51 11

Anterior step_length_mm 753.71±51.45 678.94±50.67 11

Velocity__m_s 1.23±0.12 1.26±0.11 11

Swing velocity__m_s 3.02±0.29 3.36±0.32 11

Stride length__mm 1409.04±84.59 1438.58±65.16 11

Cadence _step_min 104.91±7.78 105.09±7.57 11

Mean velocity__m_s 1.25±0.11 1.24±0.11 11

R PRO A – right leg (prosthesis) of amputees, L L A – left, healthy leg of amputees



ms vs. 716.36±52.01 ms; p=0.0020, 4) increased swing-
-time (% stride): 40.73±2.24 % stride vs. 37.63±1.027 mm;
p=0.0022, 5) increased swing-time (ms) 470.911±43.00
ms vs. 429.09±32.07 mm p=0.0026, 6) decreased swing
velocity (m/s) 3.02±0.29 m/s vs. 3.36±0.32 m/s; p=0.0006
and 7) decreased stride length (mm) 1409.04±84.59 mm
vs.1438.58±65.20 mm; p=0.0230.

Discussion

Results of our kinematic study for right prosthetic
legs in comparison with results of the left, sound legs of
TT amputees discloses statistically significant increased
anterior step length (mm), decreased stance-time, pre-
sented in % stride in ms; increased swing-time (% stride
and in ms), decreased swing velocity (m/s) and decreased
stride length (p<0.05) for right, prosthetic legs. Similar
kinematic analysis was performed by Isakov and coau-
thors (18) and comparison of these results with the ones
in our study showed similarity for most parameters (in-
creased step, prolonged swing phase and increased stance
phase for prosthetic leg). The only difference was found
in variable – stride length (mm) which was not increased
but decreased in our study.

Comparisons of kinematic variables between amputee
persons and control group persons without amputation,
generally, showed that significant difference was reached
for swing time (ms). Analysis of tempo-spatial measure-
ments for prosthetic, right legs of amputees, in compari-
son with right legs of able-bodied persons, showed de-
creased stance time (% stride and ms) and increased
swing time (% stride). Stance time was decreased (ms
and % stride) for prosthetic legs (59.27±2.24% stride or
680.91 ms) compared to stance time for able-bodied per-
sons (right leg 62.02±1.79% stride or 678.77±31.08 ms;
left leg 62.12±1.55% stride or 680.21±27.04 ms). The lon-
gest stance time showed left leg of amputee persons
(62.55±1.04% stride or 716.36±52.01 ms). The difference
between prosthetic leg and left, healthy legs of amputees

reached statistical difference. Several authors reported
similar results for TT amputated persons like ours con-
cerning the decreased stance phase for prosthetic leg in
comparison to left, healthy legs like Bateni and Olney
(19). As the consequence of decreased stance time for
prosthetic leg, the swing phase was significantly in-
creased (40.73±2.24% stride or 470.911±43.00 ms) compa-
red with right legs of able-bodied persons (37.80±1.78%
stride or 415.96 ms). Our result of prolonged swing time
(% stride and ms) of prosthesis in comparison to contra la-
teral, healthy leg of amputees was similar to results of so-
me other biomechanical studies of amputee gait8,18,20–23.
The reason why stance phase of prosthetic leg is decrea-
sed is in the lack of amputee persons’ trust toward prosthe-
sis; and because of that they try to transfer body weight
to the healthy, contra lateral leg, as soon as possible.

Able-bodied persons walking at freely-selected speeds
generally adopt a stride length of about 1.4 to 1.5 m, with
step lengths of approximately 0.7 to 0.75 m and the right
and left step lengths are generally equal24,25. The ampu-
tee subjects in our study demonstrated a significantly
longer anterior step length (mm) with their prosthesis
than with sound leg (753.71±51.45 vs. 678.9±50.66 mm).
This result is similar to the result of Isakov (0.739+0.058
m vs. 0.690+0.063 m) (24) and results of some other au-
thors (21, 23). Statistically significant decreased stride
length (mm) of prosthetic legs compared to stride length
of left legs of amputees (1409.04±4.59 vs. 1438.58±65.16
mm) was demonstrated in our study. The result of 1409
mm stride length for prosthetic legs is similar to 1.44 mm
measured by Isakov18,26. but it is longer than 1.27 m by
Winter and Sienko27; 1.32 m by Robinson21, 1.38 m by
Skinner and Effeney28 and 131.7±24.2 cm from Bateni
and Olney19. Although it is obvious that stride length for
prosthetic leg is increased in comparison to healthy leg of
amputee persons, a satisfactory explanation for this was
not found. Maybe the reason could be stability of pros-
thesis during stance time or function of prosthetic feet 6.

Decreased cadence for amputees (prosthetic leg
104.91±7.78 steps/min vs. 105.09±7.57 steps/min cadence
for contra lateral leg of amputees) compared to 109.93±5.99
steps/min for legs of able-bodied persons, was reported in
our study similar to some other studies29,30.

Walking velocity (m/s) is one of the most studied vari-
ables of human gait and probably provides a better indi-
cation of a person’s walking ability than any other quanti-
tative gait measure24,25,31. Freely selected walking speed
is not only most comfortable for the person but it is the
most rational from the aspect of energy cost of walking.
Walking velocity for the majority of adult persons, for
freely selected walking speed, is 1.2–1.5 m/s according to
Murray MP24 and Kadaba25 1.37 m/s according to Finley
FR32 and 1.325 m/s to Winter DA33. Results of our study
showed that mean walking velocity was slower for pros-
thetic legs (1.23 m/s) than for contra lateral, healthy legs
(1.26 m/s) and both legs of able-bodied participants (1.30
m/s). The differences between the velocity of prosthetic
legs and contra lateral, healthy legs of amputees reached
statistical significance. Walking velocity for TT ampu-
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TABLE 6
RESULTS OF TEMPORAL AND SPATIAL PARAMETERS (7 VARI-
ABLES) WHICH REACHED STATISTICALLY SIGNIFICANT DIF-

FERENCES (P-VALUES <0.05) BY MEANS OF T-TESTS, COM-
PARING RIGHT PROSTHETIC LEGS TO LEFT, SOUND LEGS OF

AMPUTEES

Variables Student’s t-test p-values

Anterior step length [mm] –3.55927 0.0052***

Stance time [%] 4.579397 0.0010***

Stance time [ms] 4.138645 0.0020***

Swing time [%] –4.0872 0.0022***

Swing time [ms] –3.97676 0.0026***

Swing velocity [m/s] 4.96979 0.0006***

Stride length [mm] 2.682315 0.0230*

p – level of significance: *0.05<p<0.1, **0.01<p<0.05,
***p<0.01)



tees, provided with prosthesis (1.23 m/s) in our study was
slower than able-bodied persons velocities which corre-
spond to results of several other authors10,28,33–35. Dysva-
scular trans-tibial amputees tend to walk even slower
with freely selected walking speeds than traumatic am-
putees35. Walking velocity of our amputees demonstrates
greatest similarity to those of 1–1.3 m/s by Winter DA33,
Gard6 and Finley FR34. Walking velocity of our TT trau-
matic amputees was faster than that of their colleagues
amputees from study from Robinson21, Colborne36, Ke-
gel37, Perry 29, Isakov26 except from the participants in
study reported by Postema (1.3–1.36 m/s)38. According to
clinical experience, walking velocity could be considered
as one of the indicators of successful prosthetic rehabili-
tation, so it can be concluded that TT traumatic ampu-
tees from our study had good prosthetic providing and
were successfully rehabilitated. Partially, this could be
the result of relatively young age of our patients, mean
age 40.25±6 years (31–52).

Conclusion

Based on the results of our study, the following con-
clusion can be drawn:

Instrumented biomechanical quantitative gait analy-
sis and evaluation of transtibial amputee persons com-
pared to able-bodied person is able to provide objective
assessment about the way prosthetic persons walk. Pres-
ented study focused on stride characteristics of TT am-
putees and gave objective, quantitative kinematic gait
analysis and evaluation of different adaptive strategies of
body in amputee patients wearing prosthesis of the lower
limb. Although trans-tibial amputees tend to walk with
similar kinematics as able-bodied individuals, subtle dif-
ferences can be distinguished in kinematic data.

Results of our study discloses asymmetries in kine-
matic gait parameters between the prosthetic, ampu-
tated and contra lateral, left healthy legs of amputees, as
well between prosthetic, right legs of trans-tibial ampu-
tees and both legs of non-disabled persons (specially with
right legs). Significant differences were detected for 1)
swing-time (ms), comparing amputees to able-bodied per-
sons, 2) swing-time (ms), comparing right leg of able-bod-
ied persons with right prosthetic legs, 3) swing-time %
stride, comparing right leg of able-bodied persons with
right prosthetic legs and 4) stance-time % stride, compar-
ing right leg of able-bodied persons with right prosthetic

legs. Temporal-spatial parameters of amputees, in com-
parison with able-bodied persons, generally, showed sig-
nificantly increased swing-time (ms) (p<0.01). Prosthetic,
right legs of amputees showed decreased stance-phase
(ms and % GC) and increased swing-time (ms), compared
with right legs of able-bodied persons. Significance were
reached for decreased stance-time (% stride and ms), in-
creased swing-time (% stride and ms), decreased swing
velocity (m/s), increased anterior step length and de-
creased stride length of prosthetic legs compared with
contra lateral, left legs of amputees Walking speed of am-
putee persons was slower.

The main explanation for asymmetries in kinematic,
temporal-spatial measures of traumatic TT amputee gait
which are different from able-bodied, in most cases, is
prosthesis alone or different types of prosthetic compo-
nents. Some differences among individual amputee sub-
jects may relate to physical capabilities, training, confi-
dence, and experience. Temporal-spatial measures are
appealing because they are relatively simple to acquire
and easy to comprehend when evaluating prosthetic gait.
They can be beneficial for verifying visual observation,
providing objective measurements that substantiate a
subjective assessment and for identifying and addressing
differences in a prosthetic user’s gait from normal. Quan-
titative gait analysis is recognized as being useful for pro-
viding an objective assessment about amputee person
gait and for documenting progress as a person undergoes
rehabilitation. The overall goal of amputee rehabilitation
is to return patients to their highest level of function and
safety. Instrumented, computerized 3-D gait analysis can
be one tool to facilitate this.
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KINEMATI^KE, DU@INSKO-VREMENSKE, KARAKTERISTIKE HODA OSOBA S TRAUMATSKOM
POTKOLJENOM AMPUTACIJOM

S A @ E T A K

Cilj istra`ivanja je kinemati~ka evaluacija hoda kod 12 proteti~ki opskrbljenih osoba s traumatskom, potkoljenom
amputacijom, na temelju du`insko-vremenskih parametara analize donjih udova u usporedbi sa hodom 12 ispitanika
bez amputacije. Rezultati pokazuju asimetri~nost kinemati~kih parametara hoda osoba s amputacijom i zdravih osoba,
op}enito, s zna~ajno produ`enom fazom zamaha (ms) kod osoba s amputacijom (p<0,01). Protei~ki opskrbljene noge
manifestiraju zna~ajno skra}enu fazu oslonca (ms i % CH) (p<0,01) te zna~ajno produ`enu fazu zamaha nogu s pro-
tezom (p<0,05) u usporedbi s desnim nogama zdravih osoba, a statisti~ki zna~ajno (p<0,01) kra}e trajanje faze oslonca
(u % CH i u ms), du`e trajanje faze zamaha (% CH i ms), sporiju brzinu zamaha (m/s), du`i korak mm te smanjenu
du`ina ciklusa koraka (p<0,05), u usporedbi s kontralateralnom nogom. Rezultati na{eg biomehni~kog ispitivanja hoda
osoba s potkoljenom amputacijom potvr|uju postojanje objektivnih kinemati~kih parametara koje karakteriziraju hod
osobe s potkoljenom amputacijom.
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