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Introduction

Musculoskeletal disorders, including knee pain, are becoming one of the main issues in the public
health systems of several countries, as evidenced by the current situation in Japan because elderly
people require continuous nursing care as a result of regular falls and musculoskeletal disorders.
Hence, the present knee pain-related human postural control study not only sought to clarify
changes in the neural mechanism of postural control, but also has the potential to contribute

knowledge to the public health system.

Objective
Aim of the project is to examine the influence of experimental knee-related pain on anticipatory
postural adjustments (APAs) related to reaction time tasks in healthy adults without pathological

factors (Figure).
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Figure: Model of the interaction between knee-related pain and APAs investigated in this
project.

Materials and methods

Induced knee-related pain due to hypertonic saline injection into muscles (Studies 1 and 2) and the
infrapatellar fat pad (Study 3) were used. Knee pain effects on APAs were detected by assessing
neuromuscular function (Studies 1 and 3) and by biomechanical measurements (Study 2). All

participants were healthy volunteer.

Results

Study 1, it was shown that vastus medialis (VM) pain induced an earlier activation onset (relative
time from the onset of target muscle movement) of the ipsilateral biceps femoris during shoulder
flexion task than in the no-pain condition. The onset of the target muscle movement in the shoulder
flexion task did not change under the pain condition. Peak angle and peak angular velocity of the
shoulder joints in the pain condition also demonstrated no change. VM and tibialis anterior (TA)
pain induced by hypertonic saline injection caused earlier onset of contralateral TA activation
during bilateral heel lifts task than seen under the no-pain conditions. In the bilateral heel-lift task,
VM pain reduced the peak muscle activity of the bilateral VM and the ipsilateral vastus lateralis

(VL) as compared with the no-pain conditions, whereas TA pain resulted in a greater reduction in



the peak muscle activity level of the ipsilateral VM and the ipsilateral TA than in the no-pain
conditions.

Study 2, we found that experimental TA pain reduced the net centre of pressure (CoP) displacement
in the medial-lateral (ML) direction between the first and second peak values during APAs during
a shoulder flexion task, as compared to the no-pain condition. Muscle pain also reduced
displacement of the ipsilateral side CoP in the anterior-posterior direction as compared to the no-
pain condition. CoP displacement on the contralateral side during the same task showed no change.
The onset time of arm movement during shoulder flexion in the pain condition was not changed as
compared to the no-pain condition.

Study 3, infrapatellar fat pad pain caused earlier activation onset (relative time from the onset of
the target muscle movement) of the contralateral VM during a bilateral heel-lift task than under
the no-pain condition. The pain in the same task also induced a longer delay in activation onset of
the ipsilateral VM, the ipsilateral VL, and the ipsilateral TA than under the no-pain condition. In
the same three muscles during the same task, the pain reduced the muscle activity level (muscle
activity between the “Go signal” and 500 ms was isolated for each 50 ms and was evaluated by
EMG), as compared to the no-pain condition. Early onset of postural muscle activation during
APAs occurred on the non-painful side, while delayed onset of activation and reduced activity
level of the postural muscles during APAs were seen on the painful side. Nevertheless, the
activation onset of the bilateral soleus, the bilateral peak angle, and bilateral peak angular velocity

during the bilateral heel-lift task under the pain condition did not change.

Discussion

Knee-related deep tissues pain indicated to induce a reduction in muscle activity levels, and
delayed the activation onset of these muscles and cause early onset of activation of postural
muscles during APAs. Reduced muscle activity levels and delayed activation onset of postural

muscles during APAs occurred on the painful side or aspect, while early activation onset occurred



in the non-painful muscles. These results suggest the importance of APA mechanisms to maintain
standing posture during reaction time tasks. This implies that the mechanism of postural control
provides reasonable compensation for feed-forward postural control. During knee-related deep
tissue pain, APA achieves: 1) protection of painful or related tissues or joints from secondary
damage, as a pain-adaptation strategy, 2) maintenance of the standing posture, using a
compensatory strategy, and 3) avoidance of falling and an unstable standing posture. Furthermore,
bilateral CoP and net CoP displacement are reasonable biomechanical parameters by which to
detect the effect of knee-related pain during APAs.

Overall, these results suggest that pain in knee-related deep tissues reorganizes APAs and induces

an altered strategy for postural control during reaction time tasks.
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