
Original article

Kountouris A, Portus M, Cook J. Br J Sports Med (2011). doi:10.1136/bjsm.2010.077453 1 of 4

  

Accepted 8 February 2011

   ABSTRACT 
  Background and aim   Bowling-side quadratus lumbo-

rum (QL) asymmetries have been previously reported 

on the dominant side in junior cricket fast bowlers using 

MRI. The aim of this study was to investigate QL asym-

metry when measuring with two different methods; fi rst 

using a small number of images with clear muscle bor-

ders and second using a larger number of images with 

less strict inclusion criteria.  

  Methods   MRI was performed on 38 junior (14.9 years) 

cricket fast bowlers prior to the start of a cricket sea-

son. Each MR image slice was evaluated to determine 

whether the QL muscle contour was visible and was 

assigned an image-quality rating for inclusion in the 

study. The cross-sectional area of each included QL 

image was measured and compared with the corre-

sponding image on the other side of the spine to deter-

mine side-to-side difference (asymmetries).  

  Results   Using the main method of including only high-

quality MR images, 25% of MR images, where QL was 

in the fi eld of view, met the inclusion criteria. The mean 

QL asymmetry was 13%, while 55% of participants had 

asymmetries greater than 10%. There was no signifi cant 

difference in the number of participants with dominant 

and non-dominant side QL asymmetry. However, there 

was a signifi cant difference in the magnitude of asym-

metry between the dominant side (10.5%) and non-dom-

inant (16.4%) asymmetries. The intraclass correlation 

coeffi cient for repeated measurements of QL asymmetry 

for randomly selected images (18%) was excellent (ICC 

0.966, 95% CI 0.89 to 0.99). Using the second measure-

ment method, with less strict inclusion criteria for MR 

images, similar results on the distribution of QL asym-

metry were found.  

  Conclusion   Contrary to previous research, this study 

demonstrated that there was a similar distribution of QL 

asymmetry between the dominant and non-dominant 

side. The presence of only dominant side asymmetry 

must therefore be questioned.      

 Cricket fast bowling is a demanding activity 
involving trunk lateral fl exion, extension and 
rotation during the delivery stride, where vertical 
ground reaction forces as high as six times body 
weight are experienced.  1   Fast-bowling kinemat-
ics and kinetics vary between bowlers and dif-
ferent bowling techniques. It is expected that the 
asymmetrical nature of the bowling technique 
may result in asymmetrical muscular contractions 
and be represented as muscle asymmetries in key 
muscle groups. 

 The signifi cance of paraspinal muscle asym-
metry has recently been highlighted with 
quadratus lumborum (QL) asymmetries linked 

to lumbar pars stress fractures in junior fast 
bowlers.  2–5       Asymmetry, defi ned as a larger 
cross-sectional area (CSA) of muscle on one 
side of the spine compared with the other side, 
is usually expressed as a percentage difference 
between sides. Engstrom  et al   5    used MRI to 
investigate QL asymmetries in adolescent fast 
bowlers over four consecutive cricket seasons. 
They reported that fast bowlers had large QL 
asymmetries favouring the dominant (bowl-
ing arm) side of the trunk. Ranson  et al  (2008)6  
also reported bowling-side (dominant-side) 
asymmetries in 47% of adult fast bowlers using 
MRI. They defi ned asymmetry as a difference 
of greater than 10% between the dominant and 
non-dominant QL muscles. Hides  et al   7   also used 
MRI to demonstrate that adult cricket players 
in all positions (bowlers, batsmen and wicket 
keepers), had larger dominant-side asymmetries 
for QL, lumbar erector spinae and multifi dus. 

 If differences exist between sides in key 
muscles, then it is critical to quantify asymme-
try with valid techniques of measuring muscle 
CSA. There is currently no universally accepted 
method of determining the CSA of muscles 
from MRI. The use of two-dimensional images 
to measure three-dimensional structures results 
in superimposition of structures.  5 8       Additional 
imaging issues include movement artefact and 
error in body alignment during imaging that 
may distort the CSA and therefore asymmetry 
measurements. 

 Because of these imaging issues, determining 
which MR images are suitable for CSA analysis 
is an important consideration. Previous studies 
investigating paraspinal muscle CSA in cricket 
players have used a variety of  approaches. 5  7  9      
Ranson  et al   8   reported a reliable method of 
measuring the CSA of paraspinal muscles by 
determining the grey-scale range of paraspinal 
lean muscle compared with surrounding fat.  8   
Additionally, Ranson  et al   6   measured CSA at sin-
gle spinal levels as well as the sum of all image 
slices available. In comparison, Engstrom  et al   5   
used muscle template profi les of MR images 
from consecutive years to reliably determine the 
fascial boundary of paraspinal muscles. Finally, 
Hides  et al  (2008) 7 used MR images only at the 
L3/4 intervertebral disc to measure the CSA 
of QL and other paraspinal muscles. Whist all 
three previous methods described have reported 
good reliability, there is no ‘gold standard’ in the 
measurement of paraspinal CSA using MRI.  9   
Despite very good reliability being reported, 
there is no way of knowing the validity of the 
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measurements made, that is, whether the measurements 
truly represent the target muscle. 

 The primary aim of this study was to examine if junior fast 
bowlers had dominant-side QL asymmetries similar to pre-
vious studies. The secondary aim was to quantify QL CSA 
using MR images using a combination of the previous tech-
niques described above. It was hypothesised that cricket fast 
bowlers would have high rates of QL asymmetry towards the 
dominant side and that a small number of high-quality MR 
slices would reliably determine QL asymmetry. 

  METHODS 
 MR images of 48 junior male fast bowlers with a mean age 
of 14.8 years (range 12–17 years) were performed prior to 
the beginning of the 2002/2003 Australian cricket season as 
part of a larger research project. All bowlers were injury-free 
at the time of baseline MRI. The baseline MR images were 
performed at a single radiology clinic, using the same MR 
machine and protocol. The MR protocol implemented was 
identical to that used and reported by Engstrom  et al .2 5     The 
protocol involved T1-weighted 7 mm axial slices with a 7 mm 
gap (TR/TE 500/9.4, 19 image slices, 512×512 matrix, FOV 
30×30) from T12 to L5 vertebral levels using a GE Sigma 1.5T 
MR machine (General Electric Medical Systems, Milwaukee, 
Wisconsin). Ethics approval for this project was obtained from 
Deakin University Human Research Ethics Committee. 

 The CSA of QL was measured on the axial scans. The 
images were analysed by a single investigator who was blind 
to all participants’ details. The cross-sectional measurements 
of the QL muscle were made using imaging-analysis software 
(ImageJ 1.36B; National Institutes of Health). The contour of 
QL was outlined on each axial image slice using the magnifi ca-
tion and freehand functions of the imaging software. The CSA 
was calculated on each side of the spine and at each vertebral 
level where the muscle could be clearly measured. 

 Images were rated on a four-point scale based on the clar-
ity of the muscle boundaries and clarity of the QL muscle 
( table  1 ). The researcher who determined the image quality 
was blinded to the participant’s details including arm domi-
nance and injury status.  

 High-quality images (3/3 points in  table 1 ) had a clear mus-
cle contour and fascial border, and were free of muscle super-
imposition or distortion owing to movement artefact. These 
images were used for the main analysis (method 1). Images 
in the highest two categories (2/3 and 3/3 points) were also 
analysed (method 2). The sum of all CSAs was used for analy-
sis. The purpose of the second method was to act as a com-
parison with the method of using the highest-quality images 
for analysis and allow comparison with previous research. 
Thirty-six randomly selected images were measured twice for 
reliability. 

 Each participant required a minimum of one QL image slice 
of suffi cient quality to be included in this study. Asymmetry 
for each participant was determined by dividing the CSA of 
QL image slices on one side by the CSA on the other side of 
the trunk. The magnitude of asymmetries was divided into 
three categories; 0–10%, 11–20% and greater than 20% asym-
metry. The 0–10% category represents asymmetries that 
previous researchers considered as not a clinically important 
 asymmetry.  9   These categories would also defi ne bowlers with 
small side-to-side differences and those with large asymme-
tries, particularly as asymmetries of greater than 18% have 
been reported to be highly associated with lumbar spine injury 
in junior fast bowlers.  5   

 QL was imaged between L2 and L5 vertebral levels. The 
characteristics of the participants using both methods 
described earlier are outlined in  table 2 . All measured slices 
were between the L2 and L4 vertebral levels. There were no 
images of suffi cient quality above the L2 mid-vertebra level 
and below the L4/L5 disc.  

  Data analysis 
 All data were entered into a spreadsheet (Microsoft Excel 
2003). The CSAs measured were summed to give the total 
area of the QL on each side of the vertebral column. At each 
imaging level on the vertebral column, the absolute difference 
between the dominant and non-dominant side QL muscle 
CSA was measured and used to calculate the percentage dif-
ference in CSA between sides. The absolute values (mm 2 ) and 
percentage difference between sides were summed to give an 
overall value for absolute difference and percentage difference 
between dominant- and non-dominant-side muscles. 

 The Mann–Whitney test was used to compare the magnitude 
of QL asymmetry between dominant- and non-dominant sides 
of the trunk. The Fisher exact test was used to determine the 
statistical signifi cance between categorical measures of domi-
nant and non-dominant QL asymmetries. Signifi cance was set 
at p<0.05. Intraclass correlations were used to examine reliabil-
ity. A reliability of >0.90 was considered to be reasonable.  24     

  RESULTS 
 Using method 1, the mean CSA for all QL image slices was 
611 mm² (SD 146.1 mm²), and the mean total summed CSA 
for QL in each participant (all image slices) was 977 mm² (SD 
515.5 mm²). The intraclass correlation coeffi cient for repeated 

  Table 1     MRI image quality scale  
 Image quality 
(0–3 points)  Defi nition 

0/3 points Image quality is poor, or QL is not clearly visible; 
cross-sectional area measurement not possible

1/3 points QL is visible, but at least one edge of the muscle is not clear, 
owing to superimposing of structures

2/3 points Image quality is good, and all edges of QL are clearly 
delineated from other structures, but some blurring of the 
edges exists

3/3 points Image quality is very good, and QL is clearly delineated from 
other structures with minimal or no blurring of the edge

   QL, quadratus lumborum.   

  Table 2     Participant characteristics  

 
 N (mean age) 
at baseline  Excluded (n) 

 Paired image 
slices (n (%)) 

 N (mean age) in 
fi nal analysis 

 Image slices 
(n, mean (range)) 

 Vertebral levels where 
quadratus lumborum 
was imaged 

Method 1 48 (14.9 years) 10  61 (25) 38 (14.9 years) 1.6 (1–3) L3 vertebra–L4/5 disc
Method 2 48 (14.9 years)  4 167 (53) 44 (14.8 years) 3.8 (1–8) L2 vertebra–L4/5 disc
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measurements of QL asymmetry for randomly selected 
images (18%) was excellent (ICC 0.966, 95% CI 0.89 to 0.99). 

 The mean QL asymmetry of the participants was 13.1% 
(range 0.6–28.8%). An asymmetry of 0–10% was the most fre-
quent fi nding ( table 3 ). Twenty-one (55%) participants had QL 
asymmetries greater than 10%. 

 The QL asymmetries were subdivided as favouring either 
the dominant (bowling arm) or non-dominant side of the 
body. There was a similar distribution of asymmetry between 
dominant (55%) and non-dominant (45%) sides. Asymmetry 
was signifi cantly larger on the non-dominant side QL (16.4%) 
when compared with the dominant side (10.5%, Z=−2.07, 
p=0.038). Additionally, there was also a signifi cant difference 
between dominant and non-dominant QL asymmetries when 
the data were analysed using the three categories (p=0.037, 
 table 4 ).  

 Using measurement method 2, which included a larger num-
ber of images for analysis, similar results were obtained. The 
mean CSA for each image slice was 581 mm² (SD 146.3 mm²), 
and the mean total summed CSA for QL in each participant 
was 2216 mm² (SD 966.3 mm²). The mean QL asymmetry was 
12.8% per participant, and there was no signifi cant difference 
between the CSA of QL dominant (14.7%) and non-dominant 
(11.2%) sides. Additionally there was an equal distribution 
between dominant (48%) and non-dominant (52%) side asym-
metries. Fifty-two per cent of participants had asymmetries 
greater than 10%. The majority (48%) of participants had 
asymmetries magnitudes of 0–10%, compared with those 
with 11–20% asymmetry (34%) and those with greater than 
20% asymmetry (18%).   

  DISCUSSION 
 Consistent with previous research  5 7 9       QL asymmetry was a 
common fi nding in junior fast bowlers. Fifty-fi ve per cent of 
young fast bowlers in this study had asymmetries greater than 
10%, which is similar to the 47% of asymmetries reported by 
Ranson  et al  (2008) in adult fast bowlers. The mean asymmetry 
(13.1%) for the fast bowlers in the current study is similar to 
that reported by Engstrom  et al   5   in junior fast bowlers (10.5%). 

 However, we found that junior fast bowlers had QL asym-
metries on both the dominant and non-dominant side of the 
trunk. This was in contrast to Engstrom  et al ,  5   who reported 
that asymmetries consistently favoured the dominant side of 
the trunk in their group of junior fast bowlers. 

 There were differences in methods between the current 
study and that of Engstrom  et al .  5   For example, Engstrom mea-
sured QL CSA over four consecutive years rather than a single 
preseason measurement used in this study. It is possible that 

QL may alter morphologically as the bowler matured, particu-
larly as the participants in the current study and in Engstrom’s 
study were aged around puberty (13–17 years). 

 This study also reported that the magnitude of QL asym-
metry was signifi cantly greater on the non-dominant than the 
dominant side. Engstrom  et al   5   also reported that QL asymme-
tries were predominantly on the dominant or bowling side of 
the trunk. In contrast, we found that QL asymmetries on the 
non-dominant side were signifi cantly greater than the domi-
nant side. Again, differences in methods may have contributed 
to the contrasting results. In particular, this study carefully 
excluded images where the QL muscle contours were par-
tially obstructed or superimposed by surrounding structures, 
whereas Engstrom  et al   5   facilitated measurement of all slices 
with muscle profi le templates and multiyear measurements. 
The superimposition of surrounding structures and use of tem-
plates to enhance measurement may infl uence the results. In 
the current study, the iliacus muscle was regularly superim-
posed over QL in MR images below the L4 vertebral level and 
could easily be mistaken as part of QL when measuring CSA. 

 Additionally, bowling-technique differences between par-
ticipants may be a key contributing factor to the contrasting 
results between the two studies, particularly as recent bio-
mechanical research has speculated that QL activation may 
be related to the amount of trunk rotation, extension and 
side fl exion during the bowling technique.  11   Bowling kine-
matics were not considered in either study, and it is possible 
that there were differences in bowling technique in the dif-
ferent studies, which may alter activation patterns of QL 
and therefore muscle CSA. Since fast bowling is an asym-
metrical activity involving varying rates of trunk side-fl exion 
and rotation,  1      12      13   and QL is a strong trunk side-fl exor,  9 11       
QL hypertrophy is likely. The amount of trunk side-fl exion 
associated with fast bowling is variable between bowlers and 
may be dependent on the type of bowling technique.  1     14   To 
date, no research has investigated the relationship between 
bowling technique kinematics and paraspinal CSA; however, 
de Visser  et al   11   used a fi nite-element model to demonstrate 
that QL asymmetry may be related to QL activation during 
the extreme postures adopted in the later part of the bowling 
technique (rotation extension and side fl exion). They hypoth-
esised that dominant-side asymmetry may protect the lumbar 
pars interarticularis from stress fractures in fast bowlers. Our 
fi nding that asymmetry existed on both sides suggests that 
this is unlikely. 

 This study applied a rigorous method for measurement. 
The results of rigorous measurement methods were similar 
to results found using our second method where less strict 
inclusion criteria were applied that therefore included a larger 
number of image slices for analysis. By using strict criteria 
for including MR images in this study (fi rst method) we had 
to eliminate 75% of all MR image slices. The low number of 
images available for analysis resulted in a smaller total CSA 
per person when compared with Engstrom  et al ’s results.  5   
Engstrom  et al  only included bowlers with a CSA of more than 
2500 mm² resulting in the exclusion of one bowler from their 
study. The total CSA per participant in the current study was 
977 mm², which is well below the value set by Engstrom  et al . 
The use of muscle profi le templates in Engstrom  et al  that pro-
jected the templates on neighbouring image to improve mea-
surement at levels where the muscle contours were distorted 
or ‘fuzzy’ may have resulted in the difference in measures 
compared with the current study. In this study, images fall-
ing in these categories were excluded because measurement 

  Table 3     Magnitude of quadratus lumborum asymmetry (n (%))  
 Asymmetry (%)  Bowlers (n (%)) 

0–10 17 (44)
11–20 13 (34)
>20  8 (21)

  Table 4     Asymmetry and dominance (p=0.037)  

 

 Quadratus lumborum asymmetry 

 0–10%  11–20%  >20% 

Dominant asymmetry 11 8 2
Non-dominant asymmetry  6 5 6
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accuracy could not be guaranteed. Fewer image slices and 
smaller summed CSAs resulted, which could further explain 
some of the differences between the current study and that 
of Engstrom  et al , but are unlikely to alter the fi nding of QL 
asymmetry on dominant and non-dominant sides. 

 This study also reported that the QL was most clearly mea-
surable in the L3/L4 vertebral region. There were no MR images 
used in method 1 from the L1, L2 and L5 intervertebral levels. 
This differed from Ranson  et al  (2008), who reported QL mea-
surements at the L1 and L4 vertebral level. Ranson  et al  used 
a method to measure the CSA by determining the grey-scale 
range of MR signal intensity of lean paraspinal muscle to dif-
ferentiate muscle from surrounding bone and fat. Additionally, 
the participants in Ranson  et al  study were older (26 years) and 
skeletally mature, with more defi ned paraspinal musculature 
and possibly more fat, which may have made them easier to 
measure over more vertebral levels. 

 A consistent problem with all research involving the mea-
surement of three-dimensional structures such as muscle, using 
two-dimensional MR images, is the presence of overlapping 
structures, making it diffi cult to determine the target object 
boundaries and can result in a partial volume averaging as the 
overlapping structures result in an erroneous image pixel signal. 
Additionally, there were problems associated with motion arte-
fact and errors in alignment of the subject in the MR machine 
that may result in angulations and, therefore, distortion of 
structures, resulting in measurement errors. Any angulation 
issues would be of particular concern in this sort of project, as 
it involved comparison of structures from the left and right side 
of the trunk to assess whether asymmetries existed.  

  CONCLUSION 
 This study demonstrated that junior cricket fast bowlers have 
QL asymmetries on both the dominant and non-dominant 
sides of the body. These results were similar using two dif-
ferent methods for including MR images. Further research is 
required to compare the different methods used in this study 
and evaluate the validity of measuring the CSA of QL using 
MR images. Additionally, research comparing paraspinal 
asymmetries with fast bowling techniques and workloads is 
required to fully understand the nature of the asymmetries 
described in the current and previous research.   

   Acknowledgements   The authors would like to acknowledge the support of 
Cricket Australia’s Centre of Excellence for helping collect data that was used in 
this study.   

   Funding   The project was funded by Cricket Australia through its Sports Science 
and Medicine Research Program.  

  Competing interests   None.  

  Contributors   AK is one author signing on behalf of all co-owners of the 
Contribution. The Contribution has been made in the course of his employment, 
and AK is signing as authorised by his employer. 
AK is a US Federal Government employee acting in the course of his 
employment. AK is not a US Federal Government employee, but some or all of 
his co-authors are. AK is an employee of the UK Government acting in the course 
of his employment. AK is not an employee of the UK Government acting in the 
course of his employment but some/all of his co-authors are.   

  Ethics approval   Ethics approval was provided by the Deakin University, Victoria, 
Australia.  

  Provenance and peer review   Not commissioned; externally peer reviewed.   

   REFERENCES   
   1.      Portus   M,     Mason   BR,     Elliott   BC,    et al.    Technique factors related to ball release 

speed and trunk injuries in high performance cricket fast bowlers.   Sports Biomech  

 2004 ; 3 : 263 – 84 .  

   2.      Engstrom   CM,     Walker   DG.     Pars interarticularis stress lesions in the lumbar spine 

of cricket fast bowlers.   Med Sci Sports Exerc   2007 ; 39 : 28 – 33 .  

   3.      Engstrom   C,     Walker   D,     Hanna   A,    et al.  ,  eds.   Morphometry of the para-spinal 

muscles in junior cricket fast bowlers. Proceeding of Australian Conference of 

Science and Medicine in Sport, 28-31 October 1996, Canberra, Australia .   

   4.      Engstrom   C,     Walker   D,     Hunter   J,    et al.  ,  eds.   Morphometry and radiology of the 

lumbar spine in fast bowlers. Proceeding of Australian Conference of Science and 

Medicine in Sport, 7-10 October 1997, Hobart, Tasmania .   

   5.      Engstrom   CM,     Walker   DG,     Kippers   V,    et al.    Quadratus lumborum asymmetry 

and L4 pars injury in fast bowlers: a prospective MR study.   Med Sci Sports Exerc  

 2007 ; 39 : 910 – 17 .  

   6.      Ranson   C,     Burnett   A,     King   M,    et al.  ,  eds.   Acute lumbar stress injury, trunk 

kinematics, lumbar MRI and paraspinal morphology in cricket fast bowlers in 

cricket. Proceeding of 26 International Conference on Biomechanics in Sport, 

14-18 July 2008, Seoul, Korea .   

   7.      Hides   J,     Stanton   W,     Freke   M,    et al.    MRI study of the size, symmetry and function 

of the trunk muscles among elite cricketers with and without low back pain.   

Br J Sports Med   2008 ; 42 : 809 – 13 .  

   8.      Ranson   CA,     Burnett   AF,     Kerslake   R,    et al.    An investigation into the use of MR 

imaging to determine the functional cross sectional area of lumbar paraspinal 

muscles.   Eur Spine J   2006 ; 15 : 764 – 73 .  

   9.      Ranson   C,     Burnett   A,     O’Sullivan   P,    et al.    The lumbar paraspinal muscle 

morphometry of fast bowlers in cricket.   Clin J Sport Med   2008 ; 18 : 31 – 7 .  

  10.      Portney   GL,     Watkins   PM.     Statistical measures of reliability .  In:     Mehalik   LC,   

  Davis    J   ,  eds.   Foundations of Clinical Research .  2nd edition .  Upper Saddle River, 

NJ :  Prentice-Hall ,  2000 : 557 – 630 .  

  11.      de Visser   H,     Adam   CJ,     Crozier   S,    et al.    The role of quadratus lumborum 

asymmetry in the occurrence of lesions in the lumbar vertebrae of cricket fast 

bowlers.   Med Eng Phys   2007 ; 29 : 877 – 85 .    

  12.      Ferdinands   RE,     Kersting   U,     Marshall   RN.     Three-dimensional lumbar segment 

kinetics of fast bowling in cricket.   J Biomech   2009 ; 42 : 1616 – 21 .  

  13.      Portus   MR,     Sinclair   PJ,     Burke   ST,    et al.    Cricket fast bowling performance and 

technique and the infl uence of selected physical factors during an 8-over spell.  

 J Sports Sci   2000 ; 18 : 999 – 1011 .  

  14.      Ranson   CA,     Burnett   AF,     King   M,    et al.    The relationship between bowling action 

classifi cation and three-dimensional lower trunk motion in fast bowlers in cricket.  

 J Sports Sci   2008 ; 26 : 267 – 76 .    

 group.bmj.com on June 1, 2012 - Published by bjsm.bmj.comDownloaded from 

http://bjsm.bmj.com/
http://group.bmj.com/


doi: 10.1136/bjsm.2010.077453
 published online May 25, 2011Br J Sports Med

 
Alex Kountouris, Marc Portus and Jill Cook
 
cricket fast bowlers
isolated to the dominant side in junior 
Quadratus lumborum asymmetry is not

 http://bjsm.bmj.com/content/early/2011/05/25/bjsm.2010.077453.full.html
Updated information and services can be found at: 

These include:

References
 http://bjsm.bmj.com/content/early/2011/05/25/bjsm.2010.077453.full.html#ref-list-1

This article cites 10 articles, 1 of which can be accessed free at:

P<P Published online May 25, 2011 in advance of the print journal.

service
Email alerting

the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in

Notes

(DOIs) and date of initial publication. 
publication. Citations to Advance online articles must include the digital object identifier 
citable and establish publication priority; they are indexed by PubMed from initial
typeset, but have not not yet appeared in the paper journal. Advance online articles are 
Advance online articles have been peer reviewed, accepted for publication, edited and

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on June 1, 2012 - Published by bjsm.bmj.comDownloaded from 

http://bjsm.bmj.com/content/early/2011/05/25/bjsm.2010.077453.full.html
http://bjsm.bmj.com/content/early/2011/05/25/bjsm.2010.077453.full.html#ref-list-1
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjsm.bmj.com/
http://group.bmj.com/

