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INTRODUCTION 
Knee osteoarthritis (OA) is the most common type of arthritis 
and the major cause of chronic musculoskeletal pain and 
disability of the lower limbs in the elderly population 
worldwide. The knee is the most affected joint among others 
in the lower limbs [1] and its medial compartment is the most 
influenced by the overloads during locomotion [2]. Based on 
the pioneering studies of Robbins and Hanna (1987) [3] and 
recent results obtained by Shakoor and Block [4,5], it is 
believed that the use of shoes that mimic the barefoot 
condition may reduce the overload on the knee during 
locomotion. Elderly people perform a lot of daily living 
activities that involve locomotion tasks, such as stair 
negotiation. Although this task is commonly performed by 
elderly and has considerably more balance and mechanical 
demands than level walking, it has not been studied in this OA 
population. From a mechanical point of view, the stair descent 
is quite different from level walking, reflecting changes in the 
joints range of motion, in the phasic muscle activities and in 
the maximum joint forces and moments [6]. The purpose of 
this study was to evaluate and compare the acute effect of a 
commercial flexible/ non-heeled/ inexpensive footwear, with a 
modern high-heeled modern shoe and barefoot condition on 
the knee adduction moments during stair descent in elderly 
women with and without knee OA. 
 
METHODS 
Thirty-four elderly female volunteers were divided into two 
groups: OA (OAG) and Control (CG). The OAG was 
composed of 17 women diagnosed with medial compartment 
knee OA grade 2 (48%) and grade 3 (52%) according to 
Kellgren and Lawrence (65±6 years, 71±8 kg, 156±5cm, 
29.2±3.3 kg/m2). The CG was composed of 17 women without 
knee OA (66±4 years, 64±9 kg, 157±7 cm, 26.1±3.0 kg/m2). 
The groups showed no significant difference in visual analog 
pain scale (p = 0.185), age (p = 0.669) and height (p = 0.639). 
The mass (p = 0.029) and BMI (p = 0.006) were statistically 
different, but both groups are classified into the same 
overweight group. The score for the WOMAC pain, stiffness, 
function and overall were significantly higher in the OAG (p 
<0.001). 
 
 
 

The three-dimensional angular displacement was evaluated by 
six infrared cameras (Optitrack FLEX: V100, Natural Point, 
USA) and ground reaction forces were evaluated using a force 
plate (AMTI OR-6-7-1000) embedded at the end of the 
staircase of 5 steps (steps 20cm X 60cm wide x 32cm and 32° 
inclination). The subjects descent the staircase in a self-
selected and monitored cadence in 3 conditions: barefoot, 
Moleca® (flexible women's footwear, made of canvas, anti-slip 
rubber sole and no-heel, costs around USD 9.00; Calçados 
Beira Rio® S.A, Novo Hamburgo – RS, Brazil) and their 
personal modern shoes with heels at maximum 5cm high (Fig. 
1).  
 

 
Figure 1: (A) Moleca®; (B) High-heeled shoe. 

 
The synchronized data were collected at 100 Hz (A/D card, 
AMTI, 12 bits). Software Visual3D (C-motion, Ontario, 
Canada) was used to calculate the knee adduction moment. 
We calculated moments variables during all conditions in a 
custom-written matlab function: 1st (load acceptance) and 2nd 
(propulsion) peaks of the knee adduction moment, minimum 
adduction moment at the midstance, and angular impulse. 
Comparisons were performed by two-way ANOVAs for 
repeated measures, where conditions were within factor, and 
groups were between factor, followed by Newman-Keuls post-
hoc (α = 0.05). 
 
RESULTS AND DISCUSSION 
In both groups, the use of Moleca generated a 1st peak similar 
to barefoot condition. In the CG, heeled shoes increased this 
variable compared to the barefoot condition in 15.2% and 
22.2% compared to Moleca. In the OAG, heeled shoes 
generated an increase of 18.4% compared to the barefoot 
condition and 21.4% compared to Moleca. The 2nd peak in the 
CG was 18.3% lower with the use of Moleca in relation to 
both barefoot and heeled condition. In the OAG, the heeled 
shoes produced an increase in this variable compared to the 
barefoot condition in 11.4% and 17.62% to the Moleca. The 
minimum abduction moment at midstance in the CG was 

A B 



39.1% lower with the use of Moleca compared to barefoot and 
48.1% compared to the heeled shoes. In the OAG, the heeled 
shoes generated an increase of 15.4% compared to the 
barefoot condition and 18.8% to the Moleca. During the 
midstance, the OAG showed an increase in this variable 
compared to the CG in 1.16 times in the barefoot condition, 
2.43 times with Moleca and 1.15 times using the heeled shoes. 
The angular impulse in the CG was 12.4% lower in the 
barefoot condition compared to the heeled shoes, and with the 
Moleca, 16.2% lower compared to the barefoot condition and 
26.6% compared the heeled shoes. In the OAG, there was a 
decreasing of 15.2% in this variable in the barefoot condition 
compared to the heeled shoes, and with the Moleca, 16.3% 
lower compared with the heeled shoes. The OAG also showed 
an increase in this variable in 1.94 times with Moleca, and 
1.70 times using heeled shoes compared to the CG.  

These moments reduction with the use of Moleca could be due 
to the more mobility of the foot inside this flexible canvas 
footwear with thin rubber soles. Similar to what was observed 
while stair descent barefoot, the Moleca allows external 
protection and comfort to the foot, with the advantage of being 

a footwear with lower costs compared to similar products 
developed specifically to keep mobility of the foot and ankle 
joint complex. 
 
CONCLUSIONS 
The inexpensive and flexible footwear Moleca® provides to 
elderly women with knee OA adduction loads similar to the 
barefoot condition while stair descending and an effective 
reduction of knee loads compared to the modern heeled shoes. 
The acute use of Moleca® also allowed, in some phases of 
stance, a greater reduction in knee adduction moment in 
comparison to barefoot condition, with the advantage to 
provide external protection to the feet during everyday tasks 
such a stairs management. 
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Table 1: Means, standard deviations and p-values of the knee adduction moment variables during barefoot (B), Moleca® (M) and 
heeled modern shoe (H) of the control group (CG) and osteoarthritis group (OAG). 
 

Variable Condition CG  OAG 
P 

CG x OAG 
p 

CG 
p 

 OAG 
1st adduction 
moment peak 
(initial stance)& 

Barefoot 
Moleca® 
heeled 

3.02 ± 1.36 
2.77 ± 1.46 
3.56 ± 1.27 

3.40 ± 1.37 
3.45 ± 1.23 
4.08 ± 1.28 

0.809 
0.647 
0.299 

0.132 (B-M) 

< 0.001 (B-H) 
 < 0.001 (M-H) 

0.487 (B-M) 
< 0.001 (B-H) 
 < 0.001 (M-H) 

Minimum 
adduction moment 
(midstance)& 

Barefoot 
Moleca® 
heeled 

0.87 ± 0.71 
0.53 ± 1.00 
1.02 ± 0.80 

2.03 ± 1.07 
2.01 ± 1.12 
2.22 ± 1.12 

0.028 
0.004 
0.007 

 0.016 (B-M) 

0.267 (B-H) 
 0.002 (M-H) 

  0.631(B-M) 
   0.014 (B-H) 
   0.010 (M-H) 

2nd adduction 
moment peak 
(final stance)& 

Barefoot 
Moleca® 
heeled 

1.64 ± 0.88 
1.34 ± 0.82 
1.64 ± 0.85 

2.45 ± 1.48 
2.49 ± 1.36 
2.74 ± 1.46 

0.157 
0.137 
0.082 

 0.024 (B-M) 

0.963 (B-H) 
 0.010 (M-H) 

0.149 (B-M) 
0.003 (B-H) 

 < 0.001 (M-H) 

Angular impulse# 
Barefoot 
Moleca® 
heeled 

85.42 ± 46.70 
71.60 ± 51.91 
97.45 ± 45.94 

140.85 ± 79.54 
139.07 ± 82.09 
165.97 ± 92.29 

0.112 
0.037 
0.034 

 0.015 (B-M) 

0.033 (B-H) 
 < 0.001 (M-H) 

0.748 (B-M) 
< 0.001 (B-H) 
 < 0.001 (M-H) 

           & N.m;   # N.m/ms 

 


