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SUMMARY
In the present experiment the influence of surface inclination 
and added mass on the postural sway and body kinematics was 
studied  in  five  surface  inclinations  and  with  three  load 
conditions. The results show the increase of the hip joint angle 
for  all  surface and mass  conditions  while  the angles  in  the 
knee did not vary between the conditions except for the no-
load toes-up condition. Angle in the ankle did not change in 
none  of  the  added  mass  conditions.  Body  sway  tends  to 
increase with the increased load and is most significant in the 
toes-down conditions with 30 kg load. 

INTRODUCTION
Increased mass has been known to alter postural stability for 
various  occupational  groups  such  as  firefighters  [1] and 
military personnel  [2] as well as young healthy subjects  [3]. 
Load carriage is often performed not only on a flat surface but 
also on the inclined surfaces. Inclination of the surface alone 
alters the stability of the subjects  [4] and added load causes 
forward lean of the trunk when the mass is positioned on the 
back  [5].  It  has  not  yet  been  investigated  how  the  surface 
inclination and increased load in the backpack influence the 
kinematical variations in the joints. We therefore decided to 
test  and  analyze  three  different  mass  conditions  in  five 
different inclinations of the supporting surface. The purpose of 
the present work was to investigate the influence of various 
surface inclinations and added loads in the backpack on the 
postural sway and intersegment positions. 

METHODS
Six  young  healthy  male  subjects  participated  in  the 
preliminary study (23.3 ± 3.6 years, 184.2 ± 8.3 cm, 23.3 ± 3.6 
kg). Each participant carried three different load masses: 0 kg, 
15 kg and 30 kg on five different surface inclinations: level, 7 
and  14  degrees  toes-up  and  7  and  14  degrees  toes-down 
(Figure  1).  Surface  inclinations  were  realized  by  a  Stewart 
parallel platform on which the subjects were standing during 
the experiments [6]. Subjects wore a backpack (Karrimor Ltd., 
Shirebrook, Great Britain) with a capacity of 45 litres. They 
were instructed to fix the backpack on the pelvis and adjust the 
shoulder straps to fit it as comfortably as possible. Additional 
loads were added in the form of sand bags (21.5 cm x 25 cm x 
4 cm), each with a mass of 3 kg. They were stacked in the 
backpack on  top  of  each other.  The  first  measurement  was 
performed with an empty backpack followed by other fourteen 
randomly selected mass and surface inclination conditions.

Kinematics  data  were  captured  by  a  contactless  motion 
capture system (Optotrak, Northern Digital Inc.). In order to 
calculate  the ankle,  knee and hip joint  angles,  five markers 
were  positioned  on  the  shoulder,  hip,  knee,  ankle  and 
metatarsophalangeal joint (Figure 1).

For the center of pressure (CoP) movements stabilometry was 
used.  Participants were instructed to stand as still as possible 
on a Kistler 9281CA (Kistler,  Winthertur, Switzerland) force 
plate with their feet together, arms at their sides and looking at 
a  point  on  the  wall  approximately  3  m  away.  All  of  the 
participants  were  tested  in  fifteen  consecutive  trials,  each 
lasting 60 seconds. Between the trials a minute rest in sitting 
position was provided. Data were collected at a sampling rate 
of  300  Hz.  Raw  data  were  further  analyzed  by  specially 
developed  software  [7].  The  variables  of  CoP  movements 
derived  from this  experiment  were:  total  path length,  mean 
velocity,  medio-lateral  and antero-posterior  total  path length 
and sway area.

Figure 1: Experimental setup: example of 14 degrees toes up 
and 30 kg load in the backpack.

For  the  stabilometric  data,  the  one  way  ANOVA  for  each 
surface inclination with Bonferoni post hoc test was calculated 
and the level of significance was set at 0.05. 



RESULTS AND DISCUSSION
Kinematics: Joint  angle displacements in the hip,  knee and 
ankle were  calculated  as  the differences  between the  initial 
standing position on a level surface without an additional load 
and the other  measurement  conditions as well  as difference 
between no load and 30 kg mass at a given inclination. Joint 
angles for the conditions without the load and the 30 kg load 
conditions are presented in Table 1. Majority of the postural 
adjustments to the surface and/or added load occurred in the 
hip joint ranging from 2.35 to 9 degrees of flexion. In contrast, 
the  knee  angles  did  not  vary  between  the  different  mass 
conditions. The only change in the knee angle was observed in 
toes-up  no-additional-mass  condition.  The  ankle  joint  was 
stable in all mass conditions for a given inclination.
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Figure 2:  Mean velocity of CoP movements in five surface 
conditions  (level,  toes-up  and  toes-down)  and  various 
additional loads (    0 kg,    15 kg,    30 kg, * p = 0.02). 
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Figure 3: Sway area of CoP in five surface conditions (level, 
toes-up and toes-down) and various additional loads (    0 kg, 
.  15 kg,    30 kg, * p = 0.03). 

Stabilometry: For  the  sway  analysis,  the  mean  velocity, 
medio-lateral path length and the sway area are presented. All 
calculations are relative to the no-load condition with a given 
inclination.  Mean velocity increased with the increasing load 
in all  of  the inclination conditions  (Figure  2) mostly  in  the 
toes-down conditions and was significantly higher when the 
toes were 14 degrees down and the mass was 30 kg (p = 0.02).

Medio-lateral  path length also showed an increase with the 
increased  load  in  different  inclination  conditions  and  was 
statistically significantly longer (p = 0.01) in the 14 degrees 
toes-down condition with the 30 kg added load. The amount of 
the sway area in the level surface and in the toes-up conditions 
varies  considerably,  while  in  the  toes-down  conditions  the 
sway area linearly increased and was significantly larger (p = 
0.03) at the 14 degrees toes-down with the 30 kg added load 
compared  to  the  condition  without  the  load  in  toes-down 
position (Figure 3).

CONCLUSIONS
The results indicate an increase of the postural sway when the 
subjects carry additional load in a backpack while standing on 
an inclined surface. The increase was observed in all of the 
inclination conditions. Postural sway increases the most when 
the subjects stood with the toes down and with the mass of 30 
kg.  Majority  of  the  postural  adjustments,  expressed  as  the 
joint–angle changes, in all surface and mass conditions, took 
place in the hip region while the knees and ankles were kept in 
the constant positions.
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Table 1: Mean values of differences in joint angles during standing on different inclinations without additional load as compared 
to standing on level surface (left) and differences between no-load and 30 kg mass conditions at a given inclination (right). Dorsal 
flexions in ankle joint are presented as negative (-) values.

Load Mass 0 kg 0 kg 0 kg 30 kg 30 kg 30 kg
Surface Inclination 0° 14° up 14° down 0° 14° up 14° down
Hip Flexion reference 4.79° 2.35° 8.97° 6.92° 5.65°
Knee Flexion reference 5.42° 0.971° 1° 1° 1°
Ankle Flexion reference 16.46° 12.26° 1.3° 2.5° 2.4°
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