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Proprioception training for prevention 
and rehabilitation of knee joint injuries 

S. Bruhn, A. Gollhofer, and M. Gruber 
lnstitut mr Sport und Sportwissenschaft, UniversiUit Freiburg, Germany 

SUM.MARY. S. Bruhn, A. Gol/hofer, and M. Gruber: Proprioception trainingfor prevention and rehabilitation 
of knee joint injuries. Eur. J. Sports Traumato!. reI. res. 23: 82-89, 2001. The purpose of this study was to evalu
ate the eJJects after 4-week proprioception training onjilnctionaI stability of the knee joint and on the inter- and 
intramuscular coordination. In order to estimate the coordinative abilities and the stability of the knee joint, data were 
collected in 4 different experimental set-ups. Postural stability in static and dynamic form, the maximal voluntary iso
metric contraction of the knee joint musculature, and reJIex contributions in simulations oJinjury mechanisms were 
determined. As a consequence of the 4-week training program, the sensorimotor characteristics of the knee jOint com
plex were imptoved. Postural stability determined on an unstable plaiform was significantly enhanced, both in 
mechanical as well as in neuromuscular parameters. Improvements of the isometric rate of force development were 
closely related to the gains in activation of the involved muscles. Functional stability determined as joint stijJhess 
and EMG activation following a mechanically induced anterior tibial displacement was significantly enhanced. The 
results of the study suggest that this type of training is powerful enough to improve both functional stability of the 
knee joint complex and movement coordination. 
11200 I. Edltrice Kurtis 

INTRODUCTION 

From a technical point of view, the existence of intra
and intermuscular coordination can be interpreted 
as a complex interaction of sensorimotor control 
and regulation processes for the adjustment of task
specific and situation-adequate stiffness ofthe entire 
jOint complex. 
There is a clear agreement that the neuromuscular 
system utilises the afferent contribution of sensory 
receptors e.g. proprioceptors, which feed back infor
mation from the periphery of the limbs to the spinal 
cord and higher stages of central integration (I). 
Within the spinal cord, information from various 
sources converges in spinal interneuronal centres. 
Together with centrally generated activation pro
grams, the task specific activation is transferred to 
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the motoneurons ensuring a balanced control of 
limb stiffness and force generation (2,3). 
On the one hand, coordinated movements are a nec
essary prerequisite for maximum performance out
put. On the other hand, a possible incidence ofinjury 
is associated by a lack of movement coordination. In 
connection with fatigue, minor coordination can be 
regarded as one of the major injury risks even with
in a distinct performance level. 
The evolution from quadrupedal to bipedal gait is 
associated with an increased loading of the joints of 
the lower extremity. The knee joint in particular, inter
posed between the two long levers of femur and tibia, 
presents a higher risk to injury and degenerative dis
ease. Especially, ruptures ofthe anterior cruciate lig
ament are one of the most disabling knee injuries for 
athletes (4). In response to this, knee joint stabilisers 
have been developed, ranging from virtually immo
biliSing devices to flexible high-tech systems. 
In ball sports and sport activities involving direct body 
contact, the incidence of knee injuries has increased 
rapidly. Because ligamentous knee lesions were often 
diagnosed, industrial promotion has been focused on 
leisure activities. The increasing number of knee injuries 
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with degenerative disease has inspired biomechani
ca! researchers to seek an understanding of the inher
ent factor that stabilises the joint complex (5). 
Two different approaches in the research of an opti
mal jOint stabilisation are reflected in literature. To 
prevent ligamentous disruption following injury or 
surgery, controversy exists about the efficacy of func": 
tional bracing and the application of functional reha
bilitational braces. Epidemiological as well as exper
imental studies emphasize that precise fitting of an 
orthosis is one of the most important parameters to 
ensure a protective effect. Only slight variations to 
the optimal positioning might lead to high external 
loads to the ligaments of the joint complex. 
Recently, a significant contribution to joint function 
via active mechanisms has been described in the lit
erature. GoIIhofer et al. (6) presented data indicating 
that the musculature encompassing the knee joint 
system can be effectively trained. The adaptions pre
sented in thefr experiment reflect improved sensori
motor abilities and enhanced control ofthe knee joint 
system. 
The purpose of the present study was to evaluate short 
and long term effects of a proprioception training on 
the knee function. selected parameters of knee joint 
stability, postural stabilisation, and force production 
were measured comparatively. before and after a 
4-week training intervention. The proprioception train
ing executed by the subjects consisted of coordina
tion exercises affecting the ability to stabilise the 
upright stance on wobbly or uneven surfaces. These 
postural exercises, well known in rehabilitation of 
ankle and knee jOint injuries, were expected to have 
a Significant impact on the functional properties of 
the knee joint complex. 

MATERIAlS AND METHODS 

18 subjects (12 women and 6 men), comprising an 
age structure of 19-50 years, participated in this 
study. Their state of physical activity ranged from 
the elder recreational athlete to the younger sports 
student participating in low level performance. The 
proprioception training consisted of different bal
ancing tasks on wobbly or uneven surfaces. The 
training was .performed two times a week for one 
hour. The devices used for the training, such as soft 
matt gyroscope or tilt board were not used for the 
testing of the sensorimotor abilities. Before and after 
the 4-week proprioception training, functional sta
bility of the knee joint was determined. 
Active postural stabilisation was tested, in order to 
assess the intermuscular coordination at the lower 
extremity. Isometric maximum force tests were per
formed to determine the maximum voluntary force of 
the leg extensors. 
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Two simulations of injUlY mechanisms were performed 
to diagnose the functional stability of the knee joint 
complex. In order to estimate the active joint stabili
sation, sudden joint displacements were applied, while 
the extend of the mechanical displacement and the 
correspondent neuromuscular activities were regis
tered simultaneously. 
The activation of the knee joint-embracing muscula
ture (mm vastus medialis, vastus lateralis, semi
tendinosus and biceps femoris) was recorded by super
ficial electromyography (EMG). The angular dis
placements at the knee joint were determined with 
the help of an electronic two-axis goniometer and a 
torsiometer (Penny&Giles®). 
The statistical processing covered the calculation 
of the characteristic descriptive values. Differences 
in means were tested on significance by paired t
tests on 5% level after normal distribution was 
examined. 

PosturaI stabilisation 
The postural stability at the lower extremity was test
ed on a swinging platform (Posturomed®) under 2 
conditions: 
I) Determination of the raw displacement during a 
period of 40 seconds standing bare footed on the 
device. Here, the signals of the accelerometers were 
integrated twice. Thus, the covered distance of the 
stance platform during the stabilisation task could be 
determined. Deviations from the origin were deter
mined for both degrees of freedom separately (medi
al-iateral and anterior-posterior). In order to receive 
information about the activation ofthe musculature, 
iEMGs in periods of 0-40 seconds were analysed. 
2) Analysis of the ability to regain postural stability 
after medio-Iateral perturbation during an 8-second 
period standing in a ski boot on the device. After 
perturbation, acceleration and EMG signals were 
recorded during a period of 10 seconds. The period 
between 0.2-8.2 seconds after perturbation was used 
for the data analysis. Also, damping of the platform 
was determined during this period. 
The EMGs of the muscles mentioned above were 
recorded continuously during the measurements, as 
well as flexion, valgus-varus, and torsion of the knee 
joint. Accelerations in anterior-posterior and medial
lateral direction of the stance platform of the Postur
omed® were registered using accelerometers (Kistler®, 
Switzerland) . 

Maximum isometric contraction 
A maximum voluntary isometric leg extension test at 
the leg press was performed. The execution of the 
measurements at the leg press corresponded to the 
standards of isometric maximum force measurements 
described in literature. A commercial deVice was used, 
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caused influences on the measured data were min
imized. Both legs were loaded equally. During the 
first I20ms after the initial onset of force, the reflex
activation of the knee-stabilising muscles on the 
stimulus was measured by EMG. 

RESULTS 
Postural stabilisation 

Significant improvements in postural stability were 
evident, documented by decreasing movement ofthe 
platform. Additionally, significant reduction ofthe tor
sion movement of the knee jOint during the bare foot
ed 40s-test could be detected. Regarding muscular 
stabilisation, an increase of the iEMG related to the 
movement ofthe platform and also related to the tor
sion of the knee joint occurred (Fig. 5). 
In a second test, the balance was perturbed by a 
defined deflection of the swinging platform. The 
subjects had to counteract the oscillation to regain 
postural stability. This test was executed with the 
subjects standing in a ski boot. 
Figure 6 shows the pre-post comparison of the damp
ing values. After the training, the subjects could adjust 
a deflection from the resting position faster, and the 
mechanical damping increased significantly. The 
improved damping is accompanied by a pronounced 
activity of m. semitendinosus, as can be seen from 
the activation characteristic of the musculature. 

Maximum isometric contraction 
The subjects could markedly increase their explo
sive force. Although, no change in maximum iso-

Improvement of postural stability 
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Fig. 5 - Improvements of the subjects during the 40s-test repre
sented by the movement of the platform (distance) and torsion of 
the knee joint. IEMG of all thigh muscles in comparison to the move
ment of the platform and to the torsion of the knee joint (pre-trai
ning:= l00"~; p<O,05). 
Asterisks indicate significant differences in means pre-training com
pared to post-training (p<O.05). 

metric strength could be detected. Muscle force out
put was increased especially during the first lOOms 
(Fig. 7). Increase in force came along with an 
increase in iEMG of the knee jOint stabilising mus
culature at the same time. 

Simulation of injury mechanisms 
on a tilt-platform 

In this injury simulation, a fast external tibial rota
tion in combination with a strong valgus move
ment was induced at the knee joint. After the train
ing, a reduction of the torsion movement of the 
knee joint could be seen during the early reflex 
phase. This reduction of the torsion movement at 
the knee joint was accompanied by an increase of 
the activity of m. semitendinosus. Simultaneous
ly, a slight decrease of m. biceps femoris activity 
was found (Fig. 8). 

Simulation of injury mechanisms 
by dynamic tibial displacement 

The functional stability of the knee joint was repre
sented by the stiffness of the joint system. Stiffness 
was calculated as a quotient of the initiated impulse 
and the resulting tibial displacement. Higher stiffness 
is equivalent to better stability of the knee jOint dur
ing the test situation. Reflex induced activities of the 
knee stabilising muscles were recorded during the 
first }20ms after the onset of the pulling force. The 
iEMG was considered relatively to the activity 120ms 
prior to the onset of force. 
Based on Figure 9, it can be deduced that the training 
increases jOint stiffness. Simultaneously, the activity 
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Fig. 6 - Training induced modifications of the mechanical and muscu
lar actiyation after medial-lateral deflection of the platform. The 
muscular damping is described by the quotient of iEMG 100·300ms 
after deflection and iEMG 1000-1200ms after deflection. (pre::: 
100%; p<D,05). 
Asterisk indicates significant differences in means pre-training com
pared to post-training (p<O.05). 
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Improvement in strength 30ms and 50ms after onset of force 

Fig. 7 - Modifications of the force values 
0-30ms and 0-50ms in percent of the 
maximum force (100%) and correspon
ding muscular activities of knee stabili
sing muscles. 
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of the rear thigh muscles was increased. The activity 
of the hamstrings was increased up to 150% of the 
initial value before training. 

DISCUSSION 

Functional stability ofthe knee joint and coordina
tion of the lower extremity were measured in 4 dif
ferent experimental set-ups to gain insight into the 
effects of a 4-week proprioception training. Pos
tural stability measurement and maximum volun
tary isometric contraction testing in a leg extension 
were performed to estimate movement coordina
tion. Mechanical jOint displacement and reflex con
tributions were measured in injury mechanism sim
ulations in order to determine functional joint sta
bility. 
The results indicate an improvement of the sensori
motor characteristics of the knee joint, which can be 
attributed to the specific training. The modification of 
the central nervous control of the knee joint stabilis
ing musculature caused an improvement of postural 
stability and explosive force production including the 
corresponding muscle activities. During sudden exter
nal application of forces and moments at the knee, 
functional stability of the joint was enhanced con-

ceming both, the mechanical and the neurophysio
logical, parameters. 
After the proprioception training, postural stability 
was markedly increased. Additionally, torsion move
ment at the knee joint was reduced. These findings 
point to the fact that, besides postural stability, also 
functional stability of the knee joint could be 
enhanced (7). The subject's reactions to external 
forces were more effective after training, because 
the movement of the platform was damped down 
faster. 
Training within the area of the fast force development 
could increase muscle strength of the subjects. This 
increase was accompanied by just a slight change of 
the maximum isometric strength. Therefore, the 
improvement of muscle strength is not to be attrib
uted presumably to an enlargement of the muscle 
cross sectional area, but to a better neuromuscular 
control (8). 
The increase in fast force development was evident in 
the first 50ms. Before training, 13.5% of the achieved 
maximum force was produced within the first 50ms, 
while after training, already 26.8% of maximum force 
could be realised in the same time period. 
The ability to stabilise the knee joint against rotations 
could be shown with the injury simulation on a tilt 
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Torsion gOms after onset of stimulus 
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Fig. 8 - Torsion 90ms after onset of stimulus in % of the maximum 
torsion, which is· achieved during the test condition, and corre
sponding muscle activity (iEMG) of m. semitendinosus and m. bice
ps femoris (pre = 100%). 

platform. This simulation of injury mechanisms 
induced an inward rotation of the femur on the fixed 
tibia. The torsion movement of the knee joint was 
clearly reduced after the proprioception training. 
This reduction can be attributed to an improved sen
sorimotor control ofthe musculature (9). 
After the proprioception training, the reflex response 
of the m. semitendinosus to the simulation was clear
ly enhanced, while the reflex response of the m. biceps 
femoris was slightly reduced. M. semitendinosus can 
counteract an inward rotation of the femur, while the 
m. biceps femOris would support this rotation due to 
its anatomical fixation. Thus, improvements of the 
intermuscular coordination can be documented as 
adaptations to the training, which may unfold an 
injury-preventive effect. 
A stabilising effect of the proprioception training for 
the knee joint could be documented also in the sim
ulation of injury mechanisms with an anterior dis
placement of the tibia. The stiffness was clearly 
increased after training. Again, this gain of mechan
ical stability can be attributed to improved sensori
motor control of the knee stabilising muscles (10). 
The reflex activity of the knee-bending musculature 

Improvement of jOint stiffness and muscle activity 
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Fig. 9 - Stiffness of the knee joint and muscle activities (iEM,G) of 
the rear (hamstrings) and the front thigh musculature (quadrtceps) 
in the first 120ms after initial onset of force (pre = 100%; p<O,05). 
Stiffness was calculated as a quotient of the initiated impulse and 
the resulting tibial displacement. 
Asterisk indicates significant differences in means pre..training com
pared to post-training (p<O.05). 

was clearly increased in this testing condition after 
the proprioception training. The rear thigh muscles 
functionally constitute a synergistic unit with the ante
rior cruciate ligament, which can limit an anterior tib
ial displacement (11, 12). 
The total activity ofthe knee joint stabilising muscu
lature further plays an important role in joint stiffness. 
Increased muscular coactivation can produce 
enhanced axial compression forces in the joint, lead
ing to higher friction between the joint surfaces. there
by, an additional stability gain can be produced (13, 
14). Thus, the observed, slight increase in activity of 
the front thigh musculature can also contribute to 
increased joint stiffness. Within the reflex measure
ments, situation-adequate activation of the knee joint 
muscles could be detected. These neuromuscular mod
ifications led to a clear increase in mechanical sta-
bility of the knee joint (15).. . . 
The subjects were able to Improve the coordmatlon 
and knee joint stability by a 4-week, regularly exe
cuted proprioception training, which contained aboye 
all proprioceptive items. It increased postural stabil
ity and improved the ability to compensate unexpected 
perturbations of the lower extremity. T~e prop.ri~
ception training can be recommended WIthout lImI
tations as a helpful instrument for injury prevention 
and for movement coordination. 
To what extent the coordinative improvements can 
affect performance on a competitive level can only be 
assumed at present. Whether, for instance, athletes 
in competitive sports can improve efficiency by such 
a proprioception training remains unclear. Therefore, 
another substantial research requirement still exists 
in this area. 
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