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Figure 2 Tendon tissue provides an example of cell-cell communication. (A) The intact tendon consists of extracellular matrix (including collagen)
and specialised tendon cells (arrowheads). (B) Tendon with collagen removed to reveal the interconnecting cell network. Cells are physically in contact
throughout the tendon, facilitating cell-cell communication. Gap junctions are the specialised regions where cells connect and communicate small
charged particles. They can be identified by their specific protein connexin 43. (C—E) Time course of cell-cell communication from (C) beginning,
through (D) the midpoint to (E) the end. The signalling proteins for this step include calcium (red spheres) and inositol triphosphate (IP3).

changes in functional demands through the modulation of load-
induced pathways. Overload leads to the immediate, local
upregulation of mechanogrowth factor (MGF), a splice variant
of IGE-I with unique actions.” MGF expression in turn leads to
muscle hypertrophy via activation of satellite cells.* The clinical
application of mechanotherapy for muscle injury is based on
animal studies.” After a brief rest period to allow the scar tissue
to stabilise, controlled loading is started. The benefits of loading
include improved alignment of regenerating myotubes, faster
and more complete regeneration, and minimisation of atrophy
of surrounding myotubes.*

Articular cartilage

Like other musculoskeletal tissues, articular cartilage is popu-
lated by mechanosensitive cells (chondrocytes), which signal via
highly analogous pathways. Alfredson and Lorentzon treated 57
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consecutive patients with isolated full-thickness cartilage defect
of the patella and disabling knee pain of long duration by
periosteal transplantation either with or without continuous
passive motion (CPM). In this study, 76% of patients using
CPM achieved an ‘“excellent” outcome, whereas only 53%
achieved this in the absence of CPM.* Tissue repair was not
directly assessed in this case series, but the results encourage
further research into the underlying tissue response and the
optimisation of loading parameters.

Bone

In bone, osteocytes are the primary mechanosensors. A recent
clinical study suggested that the beneficial effect of mechano-
transduction may be exploited by appropriately trained physical
therapists to improve fracture healing. In this study, 21 patients
with a distal radius fracture were randomised to receive (1)
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Figure 3 Mechanical loading stimulates protein synthesis at the cellular level. (A) A larger scale image of the tendon cell network for orientation. We
focus on one very small region. (B) Zooming in on this region reveals the cell membrane, the integrin proteins that bridge the intracellular and extra-
cellular regions, and the cytoskeleton, which functions to maintain cell integrity and distribute mechanical load. The cell nucleus and the DNA are also
illustrated. (C) With movement (shearing is illustrated), the integrin proteins activate at least two distinct pathways. (D) One involves the cytoskeleton
that is in direct physical communication with the nucleus (ie, tugging the cytoskeleton sends a physical signal to the cell nucleus). Another pathway is
triggered by integrins activating a series of biochemical signalling agents which are illustrated schematically. After a series of intermediate steps those
biochemical signals also influence gene expression in the nucleus. (E). Once the cell nucleus receives the appropriate signals, normal cellular processes
are engaged. mRNA is transcribed and shuttled to the endoplasmic reticulum in the cell cytoplasm, where it is translated into protein. The protein is
secreted and incorporated into extracellular matrix. (F) In sum, the mechanical stimulus on the outside of the cell promotes intracellular processes

leading to matrix remodelling.
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