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SUMMARY
Ten healthy women with asymptomatic knee hyperextension 
underwent a three-week (6 sessions) treadmill gait retraining 
program. Real-time biofeedback (Visual 3D) and instructions 
to direct attention to the movement effect were provided.
Gained proficiency, controlling knee hyperextension patterns 
during treadmill training, was evident at posttraining, and at 
one-month and ten-month follow up over ground walking at 
1.3 m/s and at self selected speed.

INTRODUCTION
Knee hyperextension is thought to be associated with 
increased stress to the posterior joint capsule of the knee [2] 
and anterior cruciate ligament (ACL) [3] and increased contact 
stress on the anterior compartment of the tibial-femoral joint 
[4]. Abnormal stress to these tissues can be detrimental to the 
knee joint [5]. Compared to men, women demonstrate greater 
incidences of knee hyperextension [6]. Previous work has 
demonstrated the possibility of gait retaining in women, with 
an internal focus of attention, to be able to modify knee 
hyperextension gait patterns, however, the effect was 
compromised over time [7]. 

Studies have shown that an individual’s focus of attention can 
have an important influence on motor performance and 
learning. Specifically, focusing on the effects of movements 
on the environment or adopting an external focus during the 
execution of a motor skill allows unconscious or automatic 
processes to control movements resulting in more effective 
performance and learning [1]. While most previous studies 
examining attentional focus effect have exclusively used 
performance outcome measures, in the present study the 
correction of knee hyperextension patterns in women is used 
to determine the effectiveness of an external focus of 
attention. The task being modified (walking) is a repetitive 
motor pattern that is used extensively outside the training 
environment.

The aim of this study was to investigate the effectiveness of 
using an external focus of attention, provided during treadmill 
gait training, for correcting knee hyperextension patterns in 
female subjects while walking.

METHODS
Ten healthy women (age 27.5 + 4.8; weight 57.55 + 7 Kg;
height 1.6 + 0.1 m), with asymptomatic knee hyperextension 

underwent a three-week (6 sessions) treadmill gait retraining 
program. Clinical measures of knee hyperextension greater 
than 5° were used as the inclusion criteria.  Participants 
underwent a physical and gait evaluation. The physical 
evaluation assessed muscular strength and passive range of 
motion in each subject’s lower limbs using standard 
techniques. 

       
Figure 1: Example of information that was fed back to 
subjects in Real-Time. Here, the white and yellow lines 
represent movement in the sagittal plane and the yellow band 
represents the target area where the subject would attempt to 
center motion.

The gait evaluation (pretraining) was conducted along an 8 m 
walkway using a three-dimensional motion analysis system 
(Optotrak, NDI; Kistler) with subjects walking at their self 
selected (SS) speed and at 1.3 m/s. Three non-collinear 
infrared markers were used to track each of the seven 
segments: feet, legs, thighs, and pelvis. Marker coordinate 
data was collected at 60 Hz, filtered at 6 Hz. An anatomical 
model was created by digitizing standard bony landmarks to 
define the axes of each of the seven segments: anterior and 
posterior superior iliac spines, greater trochanters, lateral and 
medial epicondyles, lateral and medial malleoli, posterior heel, 
second toe, and head of fifth metatarsal. Kinematic data was 
calculated using Visual 3D (C-Motion, Germantown, MD).

To increase intersession consistency in defining the axes of 
each segment of the lower limb, skin markings were used to 
identify the greater trochanters, lateral epicondyles and lateral 
malleoli. Bony landmarks were retouched at every training 



session. This modeling approach was used for the four 
overground data collections: pretraining, posttraining (a 
minimum of two days following the sixth training session), 
one-month, and ten-month follow-up.

After the initial evaluation, subject participated in supervised 
treadmill training twice a week for three weeks. Each training 
session lasted one hour and consisted of three eight-minute 
sessions with three-minute rest periods. Real-time biofeedback 
(Visual 3D) was provided on a computer screen placed on a 
table (150 cm in height) about 1m in front of subject. 
Participants were instructed to “try to get vertical lines (peaks)
as close as possible to the horizontal (yellow) line and try to 
keep a relatively normal gait pattern” (Figure 1). Participants 
received real-time biofeedback and external focus of attention 
instructions for the knee that showed the greater knee 
extension (involved knee) at either initial contact or toe off.

Once subjects gain proficiency controlling their more involved 
knee, real-time biofeedback was also provided for correction 
of hyperextension pattern on the less involved knee. Treadmill 
gait data were collected, without feedback, at the beginning of 
each treadmill training session. Overground gait evaluations, 
following initial evaluation protocol, were performed at the 
end of the three weeks of training (posttraining), and at one 
month (one-month follow up), and ten months (ten-month 
follow up) after the training. Only one of the subjects was 
unable to attend the ten-month follow up evaluation.

RESULTS AND DISCUSSION
Ten women took part in this study. Initial muscular testing 
showed normal values for knee extensors (142 + 11 N), and 
flexors (128 + 15 N). The passive range of motion showed 8 +
1.7º (from 5° to 12°) of knee extension. Initial gait evaluation 
showed that seven subjects had greater knee extension in their 
right knee. Maximum knee extension occurred at initial 
contact in six subjects and at toe off in four subjects. 

Effects of Gait Training Using Real-Time Biofeedback 
(Extermal Focus of Attention)

-4

-2

0

2

4

6

8

10

12

K
n

ee
 E

xt
en

si
o

n
 P

ea
k 

R
O

M
(d

eg
re

es
)

Self Speed

3 mph 

Self Speed

3 mph 

Self Speed

3 mph 

Self Speed

3 mph

Pretraining Posttraining  One-Month 
Follow-up

Ten-Month 
Follow-up

Figure 2:  Peak knee extension at pretraining, posttraining, 
one-month, and ten-month gait evaluations. Treadmill gait 
retraining intervention, using real-time biofeedback and 
external focus of attention, significantly reduced knee 
hyperextension patterns during over ground walking at self-
selected (SS) (p<0.01) and 3 mph (p<0.01).  

Paired T-tests showed significant evidence that treadmill gait 
training intervention reduced knee hyperextension patterns in 
the involved (Fig. 2) and less involved knees (Fig.3). Data 
shows that gained proficiency, controlling knee 
hyperextension patterns during treadmill training, was evident 
at posttraining, and at one-month and ten-month follow up 
over ground walking evaluations at 1.3 m/s and at self selected 
speed. Figure 3 also shows intersession training effects 
(carryover in between training sessions) of the augmented type 
of feedback provided. 

CONCLUSIONS
The results of this study indicate that subjects decreased knee 
hyperextension during treadmill gait retraining intervention
using an external focus of attention. Subjects demonstrated 
gradual improvements that continued over the three-week 
training program and lasted for 10 months. The gains made 
appear to have greater lasting effects then previous work 
which used an internal focus of attention [7]. Improvements in 
decreasing knee hyperextension during walking may help to 
relieve constant stress in the knee joint. The present study 
showed that knee sagittal plane kinematics can be influenced 
with dynamic gait training using an external focus of attention. 

Effects of Training Intervention in Reducing Knee Hyperextension
(External Focus of Attention)
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Figure 3: Data showing training’s effect in involved and less 
involved knee. Trend lines indicate change over time toward 
less knee hyperextension in involved and less involved knee 
(p<0.01).
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