
1

BONE & JOINT RESEARCH

 SUPPLEMENTARY MATERIAL
Table i. Observed effects of reduced or absent movement on skeletal development. Altered mechanical stimuli affect multiple components of bone and joint
development

Synovial joint formation

Joint contractures, hip dysplasia* Aronsson et al, 1994,1 Pena and Shokeir, 19762

Reduction/absence of synovial cavity; fusion of 
rudiments

Drachman and Sokoloff, 1966,3 Fell and Canti, 1934,4 Hamburger and Waugh, 1940,5 Hosseini 
and Hogg, 1991,6 Lelkes, 1958,7 Mitrovic, 1982,8 Murray and Drachman, 1969,9 Ruano-Gil et al, 
1978,10 Kahn et al, 2009,11 Mikic et al, 2000,12 Nowlan et al, 2010,13 Osborne et al, 2002,14 
Persson, 1983,15 Roddy et al, 2011,16 Roddy et al, 2011,17 Rot-Nikcevic et al, 200618

Hypermobility: Enlarged synovial cavities, expanded 
articular surface, enlarged patellae†

Ruano-Gil et al, 1985,19 Pitsillides, 200620

Absence of inter-articular ligaments, chondrogenous 
layer and menisci

Drachman and Sokoloff, 1966,3 Hamburger and Waugh, 1940,5 Hosseini and Hogg, 1991,6 Mikic 
et al, 2000,12 Roddy et al, 2011,16 Roddy et al, 2011,17 Ruano-Gil et al, 197810

Disorganisation of differentiated tissues; altered
expression patterns of Fgf2, Bmp2, Pthrp

(Nowlan et al, 2010,13 Roddy et al, 201117 

Endochondral ossification
Thin, hypomineralised bones* Rodriguez et al, 1988,21 Rodriguez et al, 198822

Lower bone mass, reduced mechanical strength Gomez et al, 2007,23 Sharir et al, 201124

Misshapen condyles, reduced chondrocyte 
proliferation at condyle sites

Drachman and Sokoloff, 1966,3 Germiller and Goldstein, 1997,25 Nowlan et al, 2010,13 Nowlan et 
al, 2008,26 Nowlan et al, 2008,27 Roddy et al, 201116, Roddy et al, 2011,17 Rot-Nikcevic et al, 200618

Regressed tuberosities, reduced chondrocyte proliferation 
at humeral tuberosity

Blitz et al, 200928

Reduced radial & longitudinal growth, reduced
chondrocyte proliferation at the growth plate 

Drachman and Sokoloff, 1966,3 Gomez et al, 2007,23 Hall and Herring, 1999,29 Hosseini and Hogg, 
1991,6 Nowlan et al, 2008,26 Nowlan et al, 2008,27 Osborne et al, 2002,14 Rot-Nikcevic et al, 
2006,18 Lamb et al,30 2003, Hogg and Hosseini, 199231 

Hypermobility: Increased length, increased chondrocyte 
proliferation†

Heywood et al, 200532

Reduced bone collar and ossification, altered expression of 
ColX (down) and Ihh (up)

Nowlan et al, 2010,13 Nowlan et al, 2008,26 Nowlan et al, 200827

* Effects were observed in human infants; all other effects were observed in animal models, namely mouse and chick
† Effects were induced by hyper-, rather than hypo-, mobility
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