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SUMMATION 
1. In relation to the Repatriation Medical Authority (the RMA) Statement of Principles concerning lumbar spondylosis No. 37 of 2005, as amended by Statement of Principles No. 78 of 2008 and Statement of Principles No. 36 of 2010, made under subsections 196B(2) and (8) of the Veterans' Entitlements Act 1986 (the VEA), the Specialist Medical Review Council (the Council) under subsection 196W of the VEA:

DECLARES that there is sound medical-scientific evidence on which the RMA could have relied to amend the Statement of Principles to include the factor/s set out below;

DIRECTS the RMA to amend Statement of Principles concerning lumbar spondylosis No. 37 of 2005, as amended by Statement of Principles No. 78 of 2008 and Statement of Principles No. 36 of 2010 by including factors:

· for extreme prolonged forward flexion/bending for a cumulative total of at least 1500 hours.
AND DECLARES that the sound medical-scientific evidence available to the RMA is insufficient to justify any amendment to the Statement of Principles to include a factor for repetitive extension or twisting of the lumbar spine.
2. In relation to the RMA Statement of Principles concerning lumbar spondylosis No. 38 of 2005, as amended by Statement of Principles No. 79 of 2008 and Statement of Principles No. 37 of 2010, made under subsections 196B(3) and (8) of the VEA the Council under subsection 196W of the VEA:

DECLARES that there is sound medical-scientific evidence on which the RMA could have relied to amend the Statement of Principles to include the factor/s set out below;

DIRECTS the RMA to amend Statement of Principles concerning lumbar spondylosis No. 38 of 2005, as amended by Statement of Principles No. 79 of 2008 and Statement of Principles No. 37 of 2010 by including factors:

· for extreme/prolonged forward flexion/bending for a cumulative total of at least 1500 hours.
AND DECLARES that the sound medical-scientific evidence available to the RMA is insufficient to justify any amendment to the Statement of Principles to include a factor for repetitive extension or twisting of the lumbar spine.

THE SPECIALIST MEDICAL REVIEW COUNCIL
3. The Council is a body corporate established under section 196V of the VEA, and consists of such number of members as the Minister for Veterans' Affairs determines from time to time to be necessary for the proper exercise of the function of the Council as set out in the VEA. The Minister must appoint one of the Councillors to be the Convener. When appointing Councillors, the Minister is required to have regard to the branches of medical science that would be necessary for deciding matters referred to the Council for review. 

4. When a review is undertaken the Council is constituted by three to five Councillors selected by the Convener. If the Review Council as constituted for the purposes of a review does not include the Convener, the Convener must appoint one of the Councillors selected for the purposes of the review to preside at all meetings of the Council as so constituted as Presiding Councillor. 

5. Dr David Newman was the Presiding Councillor for this review. Dr Newman spent over 12 years in the Royal Australian Air Force as a medical officer and aviation medicine specialist. He is currently Senior Lecturer and Head of Research in the Aviation Discipline in the Faculty of Engineering and Industrial Sciences at Swinburne University in Victoria and head of the Aviation Medicine Unit in the Department of Epidemiology and Preventive Medicine at Monash University.  

6. The other members of the Review Council for the purposes of the review were:

Professor Robert Cumming

(1) Professor Cumming is Professor of Epidemiology and Geriatric Medicine, School of Public Health University of Sydney, and researcher at the Centre for Education and Research on Ageing at Concord Hospital.

Associate Professor John Hart

(2) Associate Professor Hart is an orthopaedic surgeon based in Melbourne. He was head of the orthopaedic unit at the Alfred Hospital from 1980 until 2003, and is a clinical associate professor in the Department of Surgery at Monash University.

Associate Professor Geoff Littlejohn

(3) Associate Professor Littlejohn is Professor of Medicine and Director of Rheumatology at Monash Medical Centre, Melbourne, and Adjunct Professor at Edith Cowan University, Perth. He completed a MD thesis in Toronto on Diffuse Idiopathic Skeletal Hyperostosis and has remained an international expert in that field. He has also published widely in other rheumatic disorders including inflammatory joint disease, chronic pain syndromes, and osteoarthritis.   

THE LEGISLATION

7. The legislative scheme for the making of Statements of Principles is set out in Parts XIA and XIB of the VEA. Statements of Principles operate as templates, which are ultimately applied by decision-makers in determining individual claims for benefits under the VEA and the Military Rehabilitation and Compensation Act 2004 (the MRCA)
.

8. Fundamental to Statements of Principles is the concept of ‘sound medical-scientific evidence’, which is defined in section 5AB(2) of the VEA. Information about a particular kind of injury, disease or death is taken to be sound medical-scientific evidence if:

a)
the information

(i) is consistent with material relating to medical science that has been published in a medical or scientific publication and has been, in the opinion of the RMA, subjected to a peer review process; or

(ii) in accordance with generally accepted medical practice, would serve as the basis for the diagnosis and management of a medical condition; and

b) in the case of information about how that injury, disease, or death may be caused - meets the Applicable criteria for assessing causation currently applied in the field of epidemiology.
 

9. The functions of the Council are set out in section 196W of the VEA. In this case, the Council was asked (under section 196Y of the VEA) first by a person eligible to make a claim for a pension and secondly by an eligible organisation mentioned in s196Y of the VEA, to review the contents of:

(i) Statement of Principles concerning lumbar spondylosis No. 37 of 2005 as amended by Statements of Principles No. 78 of 2008 and No. 36 of 2010, being a Statement of Principles determined by the RMA under section 196B(2)
 of the VEA (‘the reasonable hypothesis test’) and

(ii) Statement of Principles concerning lumbar spondylosis No. 38 of 2005 as amended by Statements of Principles No. 79 of 2008 and No. 37 of 2010, being a Statement of Principles determined by the RMA under section 196B(3)
 of the VEA (‘the balance of probabilities test’).

10. Specifically, the first Applicant contended that there was sound medical-scientific evidence on which the RMA could have relied to include repetitive or persistent flexion, extension or twisting of the lumbar spine as a factor or factors in Statements of Principles concerning lumbar spondylosis Nos. 37 & 38 of 2005. The second Applicant contended that there was sound medical-scientific evidence, on which the RMA could have relied to provide a lower exposure threshold for helicopter crews in Statements of Principles concerning lumbar spondylosis Nos. 37 & 38 of 2005 as amended by Statements of Principles Nos. 78 & 79 of 2008 and 36 & 37 of 2010.

11. In conducting its review, the Council must review all the information that was available to (before) the RMA at the time it determined, amended, or last amended the Statements of Principles (the relevant times) and is constrained to conduct its review by reference to that information only.

12. Under section 196W of the VEA, the Council can only reach the view that a Statement of Principles should be amended on the basis of sound medical-scientific evidence. 

BACKGROUND

First Application for review by the Council

13. On 8 November 2005, the RMA under subsections 196B(2) and (3) of the VEA revoked Instruments Nos. 46 & 47 of 2002 as amended by Instruments Nos. 77 & 78 of 2002 and determined in their place Statements of Principles concerning lumbar spondylosis Nos. 37 & 38 of 2005. The Statements of Principles took effect from 16 November 2005.

14. On 11 November 2005 the Statements of Principles were registered on the Federal Register of Legislative Instruments.

15. On 16 February 2006 in accordance with section 42 of the Legislative Instruments Act 2003 the Statements of Principles were tabled in the House of Representatives and in the Senate.

16. An Application for Review of Statements of Principles Nos. 37 & 38 of 2005 was received by the Council on 17 January 2006 (the first Application). The Application contended that the Statements of Principles should include a factor or factors concerning repetitive or persistent flexion, extension or twisting of the lumbar spine.

17. Pursuant to section 196ZB of the VEA the Council published, in the Gazette No. 23 of 14 June 2006, a Notice of its Intention to Carry Out a Review under section 196W of the Act of all of the information available to the RMA when it determined, amended or last amended the Statements of Principles concerning lumbar spondylosis and invited eligible persons or organisations authorised so to do to make submissions to the Council. The Council gazetted subsequent notices as to the dates by which written submissions must be received by the Council.

The information sent by the RMA to the Council - First Application

18. By letter dated 27 April 2006 the RMA, under section 196K of the VEA, sent to the Council the information the RMA advised was available to (before) it at the relevant times, as listed in Appendix B. 

19. By agreement between the RMA and the Council, information the RMA advised was available to (before) it at the relevant times is posted on a secure website (referred to as FILEForce). It was made accessible by the Council to the Repatriation Commission and the Military Rehabilitation and Compensation Commission (the Commissions), the first Applicant and other participants in the review via confidential password. The information which was available to (before) the RMA at the relevant times was posted on FILEForce on 29 March 2009.

Amendments to Statements of Principles

20. By Notice of Investigation under s196G of the VEA dated 19 June 2008, the RMA gave notice of its intention to carry out an investigation in respect of aircraft flight as a factor in lumbar spondylosis, to be carried out in the context of Statements of Principles concerning lumbar spondylosis Nos 37 and 38 of 2005. The RMA invited eligible persons or organisations authorised so to do to make submissions in writing. 

21. On 22 October 2008, the RMA under subsections 196B (2) and (3) of the VEA determined amending Statements of Principles Nos. 78 & 79 of 2008, concerning lumbar spondylosis. The amending Statements of Principles took effect from 5 November 2008.

22. No Applications were received by the Council in respect of the 2008 amendments.

23. By Notice of investigation under s196G of the VEA dated 17 April 2009, the RMA gave notice of its intention to carry out an investigation in respect of aircraft flight as a factor in lumbar spondylosis in the context of Statements of Principles concerning lumbar spondylosis Nos 37 & 38 of 2005, as amended by Instrument Nos. 78 & 79 of 2008. The RMA invited eligible persons or organisations authorised so to do to make submissions in writing. On 22 April 2010, the RMA under subsections 196B (2) and (3) of the VEA determined amending Statements of Principles concerning lumbar spondylosis Nos. 36 & 37 of 2010. The amending Statements of Principles took effect from 3 May 2010.

24. On 3 May 2010 the Statements of Principles were registered on the Federal Register of Legislative Instruments.

25. On 11 May 2010 in accordance with section 42 of the Legislative Instruments Act 2003 the Statements of Principles were tabled in the House of Representatives and in the Senate.

Second Application for review by the Council

26. An Application for Review of Statements of Principles concerning lumbar spondylosis Nos. 37 & 38 of 2005 as amended by Statements of Principles Nos. 78 & 79 of 2008, and 36 & 37 of 2010 was received by the Council on 29 June 2010 (the second Application). The second Application contended that the Statements of Principles should be amended to provide lower exposure thresholds for helicopter crews.

27. The second Applicant contended that helicopter crews are subject to greater vibration and less adjustable seating than powered aircraft crews and had more limited opportunity for movement in flight.

28. Pursuant to section 196ZB of the VEA the Council published, in the Gazette No. 2, 20 January 2010, a Notice of its Intention to Carry Out a Review under section 196W of the Act of all the information available to the RMA when it determined, amended or last amended the Statements of Principles concerning lumbar spondylosis and invited eligible persons or organisations authorised so to do to make submissions to the Council.
 The Council gazetted subsequent notices as to the dates by which written submissions must be received by the Council.

The information sent by the RMA to the Council - Second Application

29. By letter dated 13 May 2011 the RMA, under section 196K of the VEA, sent to the Council the information the RMA advised was available to (before) it at the relevant times, as listed in Appendix B. 

30. The information which was available to (before) the RMA at the relevant times was posted on FILEForce on 24 May 2011 in accordance with the arrangements detailed in paragraph [19] above and made accessible to the Commissions, the Applicants and other participants in the review via confidential password.

Second Applicant's Position
31. The second Applicant advised the Council by electronic mail of 22 July 2011 that

… there was concern amongst aviation medicine practitioners and other ADF health personnel that there was a discrepancy between the treatment of fixed wing and helicopter aircrew in the RMA Statements of Principles relating to back problems…

… While initially the above concern was reinforced, I [am] satisfied that no such discrepancy existed, at least in relation to lumbar spondylosis. This would certainly be supported by the evidence base available to the RMA.

… no change is required at this time.   

… no submission will be provided.
32. The Council took account of the second Applicant's position in making the preliminary decision on the proposed scope of review. 

Notification of Preliminary Decisions on Proposed Scope of Review and Proposed Pool of Information

33. In separate letters, dated 20 October 2011, to each of the first Applicant, the second Applicant and the Commissions, the Council in summary:

· advised of the Council’s preliminary decisions on the proposed scope of the review and proposed pool of information;

· invited the Applicants and Commissions to make any written comments as to the Council's preliminary decisions by close of business on 17 November 2011; and

· advised that if any written comments were made, any complementary oral comments could be made at a hearing of oral submissions complementing the written submissions. 

34. No comments were received.

35. The Council held a meeting on 20 February 2012 to consider all the written submissions and complementary oral submissions.

Proposed Scope of Review

36. The Council’s preliminary decision on the scope of the review, as advised to the Applicants and the Commissions on 25 October 2011, was as follows:

Without limiting the scope of the Council’s review of (some or the whole of) the contents of the Statements of Principles, the Council presently proposes to have particular regard to whether there was sound medical-scientific evidence upon which the RMA could have relied to amend either or both of the Statements of Principles in any or all of the following ways:

a)
the possible inclusion of a factor or factors in respect of:


repetitive or persistent flexion, extension or twisting of the lumbar spine.

b)
and, the possible excision or amendment of the factors:

(1) referred to at paragraphs (ja) and (sa) of Statement of Principles No. 37 of 2005, as amended by Statements of Principles Nos 78 of 2008 and 36 of 2010: 

(ja) 
flying in a powered aircraft as operational aircrew, for a cumulative total of at least 2500 hours within the ten years before the clinical onset of lumbar spondylosis;


and

(sa)
 flying in a powered aircraft as operational aircrew for a cumulative total of at least 2500 hours within the ten years before the clinical worsening of lumbar spondylosis; 

(2) referred to at paragraphs (ia), (iaa), (ra) and (raa) of Statement of Principles No. 38 of 2005 as amended by Statements of Principles Nos. 79 of 2008 and 37 of 2010: 

(ia) 
flying a powered aircraft for a cumulative total of at least 5000 hours within the ten years before the clinical onset of lumbar spondylosis; or
(iaa) 
flying in a helicopter as operational aircrew, for a cumulative total of at least 5000 hours within the ten years before the clinical onset of lumbar spondylosis:
(ra) 
flying a powered aircraft for a cumulative total of at least 5000 hours within the ten years before the clinical worsening of lumbar spondylosis; or
(raa) 
flying in a helicopter as operational aircrew, for a cumulative total of at least 5000 hours within the ten years before the clinical worsening of lumbar spondylosis:
Proposed Pool of Information
37. As mentioned above, the RMA is obliged under section 196K of the VEA to send to the Council all the information that was available to it (the RMA) at the relevant times. That comprises all the information that was available to the RMA when it determined, in 1995, the original Statements of Principles concerning lumbar spondylosis and all the information subsequently available at all times when the Statements of Principles were amended, or revoked and replaced, up to and including the information that was available in 2010 when the RMA determined the amending Statements of Principles Nos. 36 & 37 of 2010. In other words, within 28 days after being notified that the Council has been asked to conduct a review, the RMA must send to the Council all the information in respect of lumbar spondylosis which was in the possession of the RMA at the time it (the RMA) made the decision that triggered the Council's review. 

38. The chronology of the RMA sending the information to the Council is detailed in [18], [19], [29] and [30] above. As mentioned above, all the information which was available to the RMA at the relevant times was made available to the Applicants and the Commissions for the purposes of the review.

39. In determining its preliminary view on the proposed pool of information the Council applied the methodology it had advised the Applicants and Commissions on 25 October 2011 i.e. that the pool of information should comprise the information:

i) that was available to (before) the RMA at the relevant times; 

ii) which was sent by the RMA to the Council under section 196K of the VEA; 

iii) which was considered by the Council to be sound medical-scientific evidence as defined in section 5AB(2) of the VEA being information which: 

(1) epidemiologists would consider appropriate to take into account; and

(2) in the Council's view 'touches on' (is relevant to) the contended factor/s; and

which has been evaluated by the Council according to epidemiological criteria, including the Bradford Hill criteria.

40. Information which the RMA advised was not available to (not before) the RMA at the relevant times, was not taken into account by the Council for the purposes of the review, as it could only be considered as 'new information’.

41. A copy of the Council's preliminary list of the proposed pool of information was forwarded to the Applicants and the Commissions on 24 October 2011.

FIRST APPLICANT’S SUBMISSIONS and comments on the Proposed Scope of the Review and Proposed Pool of Information decisions

42. The first Applicant made two written submissions to the RMA and to the Council, which were taken into account by the Council. 

43. In his Application to the Council of 28 February 2006, the first Applicant stated that his grounds for review were the absence of reasons by the RMA for the deletion of factors included in the 2002 Statements of Principles concerning 'twisting and turning' from the 2005 Statements of Principles:

The removal of this subsection factor, ie. Twisting and Turning for the acceptance of lumbar spondylosis is detrimental to the ….care and welfare of the many injured veterans…. I have not seen any reason for its removal …

44. A further written submission by the first Applicant dated 19 August 2011 was received by the Council on or about 19 August 2011. In it the first Applicant submitted that the processes whereby the RMA had determined a factor in 2002 for repetitive or persistent flexion, extension or twisting of the lumbar spine, and had subsequently removed it in 2005 were doubtful:

I submit that none of the RMA members have every (sic) served on a ship at sea whether in fine or stormy conditions so they would have supposedly carried out a full investigation of the factor originally when it was first included in 2003, it smacks of Political Cost savings when a factor goes through the initial process to be included then suddenly in two years it is withdrawn with out any consultation.

Does that mean the members of the original RMA board who inserted the original factor … did not carry out their due process properly in the first case.
45. As mentioned above, the first Applicant also made an oral submission complementing his written submission.

46. In his oral submission complementing his written submissions, the first Applicant contended there was no justification for removal in 2005 of the factor that had been included in the Statements of Principles in 2002:

I’m taking they were doing their job at the time and no one is saying they weren’t, so why, after that factor was included into the balance of probabilities and the reasonable hypothesis, why was it three years later, in 2004, suddenly there was another review and that factor was deleted after all the sound medical advice and revision was used to include it in the first place?

…there was no justification to take it out when they had already considered it and said there was enough sound medical and scientific knowledge to have it included in the first place.
47. The first Applicant referred the Council to a paper by Andrea Radebold MD
 dated 28 February 2010, about which he said: 

…lateral bending with flexion and extension and axial rotation with lateral bending will cause lumbar spondylosis.

48. The first Applicant submitted that the literature cited by the Commissions in their written submissions did not address the experiences of military personnel, and that there is:

…nothing in all the … studies that are quoted in these papers - mining, etcetera, lumberjacks ...that have anything whatsoever to do with a military way of life. 

49. The first Applicant claimed that his experiences and those of his colleagues in the Australian Navy are relevant to the question.

Now, you’re on a ship at sea. That ship is twisting; it’s rocking in a way that it’s going up and down.

We run up and down decks and ladders 24 hours a day, seven days a week and we …. vibrate in our bodies 24/7 the whole time we’re on a ship… twisting and turning …running up and down ladders …

50. The first Applicant clarified to the Council in the course of the oral hearing that his contention was that twisting and turning alone, without an association with prolonged bending forward and lifting, should be included as a factor in the Statements of Principles but went on to contend the factor, as it stood in 2002, should be included.   

51. The first Applicant made no written submission in respect of flight factors but at the oral hearing he submitted that the flight factors which were contained in the revoked 2002 Statements of Principles concerning lumbar spondylosis should be reinstated. His contention was that the factors in Statements of Principles Nos. 46 and 47 of 2002 were more generous to service personnel than the factors which presently apply and must have had some medical scientific basis which should now prevail. The first Applicant declined to indicate any evidence in support of that contention. 

52. The first Applicant made no written or oral comment on proposed scope of the review and proposed pool of information decisions.  

second Applicant's submissions and comments on the Proposed Scope of the Review and Proposed Pool of Information decisions

53. Consistently with the position mentioned at [31] above, the second Applicant made no written (and consequentially no complementary oral) submission. 
COMMISSIONS’ SUBMISSIONS and comments on the Proposed Scope of the Review and Proposed Pool of Information decisions

54. Two submissions were made by the Repatriation Commission to the Council for review. The submissions were also made on behalf of the Military Rehabilitation and Compensation Commission. 
55. The first written submission dated March 2010 was made in respect of flexion, extension, twisting of the spine. The Commissions submitted that the available sound medical scientific evidence on heavy physical activity is adequately reflected in the existing factors for carrying and lifting and did not support the inclusion of an additional factor for 'flexion, extension, twisting of the spine'. 

56. A second submission in respect to the aircraft flight factors was made in July 2011. The Commissions submitted there is no sound medical scientific evidence that was available to the RMA to depart from the RMA's conclusions as reflected in the current Statements of Principles. 
57. A Medical Officer with the Department of Veterans’ Affairs, representing the Commissions, made an oral submission complementing the Commissions’ written submission at the Council’s meeting on 20 February 2012.
 This officer was the principal author of the two written submissions.

Commissions’ submissions on 'flexion, extension, twisting of the spine'

58. In their first written submission the Commissions addressed the reinstatement of the factors that were in Statements of Principles No. 46 and 47 of 2002 and which were omitted from Statements of Principles No. 37 and 38 of 2005, that concerned:

…repetitive or persistent flexion, extension or twisting of the lumbar spine for at least one hour each day on more days than not for at least 10 years

that the Commissions submitted, without reference to heavy physical activity, could have been met by someone undertaking normal activities of every day living. 

59. The Commissions outlined the history of manual activity factors in Statements of Principles concerning lumbar spondylosis and noted that in earlier versions of these instruments, there were factors dealing with twisting of the spine and with lifting and carrying loads, which were later removed or modified. 

60. In the Commissions’ submission:

… the evidence that was available to the RMA establishes that it is more probable than not that lumbar spondylosis can be caused by heavy physical activity …
61. The Commissions’ stated approach was to address 'flexion, extension, twisting of the lumbar spine', and to look more generally at evidence of the potential association between the role of physical activity and lumbar spondylosis.

62. The Commissions specifically excluded 'areas such as acute injury, vehicle driving and whole body vibration' from their submissions and focussed on the evidence for specific types and quantities of physical activity and how, in the Commissions submissions, the factors for these activities should be constructed to best reflect the sound medical scientific evidence.

63. The Commissions submitted that the quality of available evidence was not high, and that most of the relevant studies were cross-sectional studies of lumbar spine disorders. 

64. In his oral submission, the Commissions’ representative submitted that given the shortage of medical-scientific evidence before the RMA about lumbar spondylosis, further investigation of the types of activities undertaken by the Applicant could be warranted. 

65. The Commissions concurred with the Council’s preliminary decision on the proposed pool of information.  

66. The Commissions made submissions on 13 occupational studies, four athlete studies and five general population studies from the information that was available to the RMA at the relevant times.

67. Of the occupational studies, the Commissions cited:

67.1. Seidler et al 2001
 in respect of which the Commissions submitted that it is a study:

…providing the best available evidence. It is the only analytical study. It has the best exposure information, allowing for a dose-response assessment. It has the best information on specific types of activities. However, it is not without shortcomings. There is potential for selection and recall bias. Most notably, odds ratios always overestimate relative risk when the odds ratio is above one. The more prevalent the disease and the higher the odds ratio, the greater the overestimate. For a highly prevalent disease such as lumbar spondylosis, the high reported odds ratios in the Seidler et al study provide a significant overestimate of the risk from heavy physical activity.

The Commissions submitted that the study:
…investigated the relationship between degenerative change in the lumbar spine and cumulative occupational exposure to lifting and carrying and to working postures with extreme forward bending.

and found:

…a positive association between cumulative exposure to lifting/carrying and risk of symptomatic lumbar spine degeneration, with a significant dose response trend (p < 0.0005) and a statistically significant odds ratio of 8.5 for the highest exposure category (> 150,000 kg2 x hours). Working for 10 years or more in an occupation with a high physical workload was also a significant risk factor (OR 6.5, 95% CI 2.7 to 16.1 vs. low physical workload).

and that: 
Cumulative hours spent working in a posture involving > 90º of trunk flexion was also associated with an increased risk of symptomatic lumbar spine degeneration….

The Commissions noted further that the study found:

The odds ratio for > 1500 hrs working in that posture was 3.5 (95% CI, 1.5 - 7.9). This odds ratio was adjusted for the effects of lifting and carrying. The majority of cases in the highest category for hours of extreme forward bending were also in the highest category for cumulative lifting and carrying (29 of 34).

67.2. Brinckmann et al 1998
 in respect of which the Commissions submitted the study:

…compared the lateral lumbar spine X-rays of 355 male subjects from five cohorts with long-term heavy occupational loading of the lumbar spine with those from 737 male subjects who had undergone X-ray for pre-employment medicals, minor back complaints or complaints unrelated to the lumbar spine.

The Commissions noted that:

Frequent lifting and handling of objects weighing 50 kg or more and/or the handling of heavy objects in confined spaces or over uneven ground was associated with significant decreases in disc height in the lumbar spine. Disc height changes were most marked in the underground miners but not significantly different from the controls …

67.3. Lawrence & Aitken-Swan 1953
 in which, the Commissions submitted, the authors found:

…a higher prevalence of low back pain and clinically diagnosed disc disorders in underground coal miners than in non-miners.
67.4. Kellgren & Lawrence 1952
 in which the Commissions submitted the authors:

…further investigated a subset of the miners from the above survey (Lawrence & Aitken-Swan (1953)), carrying out a more detailed clinical and radiological study in males aged 40 to 50 years. Moderate to severe radiological lumbar disc degeneration was significantly more prevalent and widespread in underground coal miners than in manual (engineering yard) workers or office workers. There was a clear association between degenerative change on X-ray and lumbar-sciatic pain. However, only half the subjects with moderate or severe radiological degenerative changes had such pain.

67.5. Lawrence 1955
 in which the Commissions submitted that the authors:

…sought to explain the findings from the above surveys of miners (Kellgren & Lawrence (1952)), by further investigating risk factors associated with underground mining, including heavy lifting and posture. 

An assessment based on headroom at different coalfaces and the need for working in a stooping or kneeling position found that work posture had a possible influence (not reaching statistical significance) but was less important than injury or duration of lifting.

67.6. Kellgren and Lawrence 1958
 which the Commissions submitted found:

…a higher prevalence of moderate or severe lumbar disc degeneration … in coal miners (79%) than in (male) cotton mill workers (65%) or other miscellaneous workers (55%). The same pattern was seen for lumbar apophyseal joint osteoarthritis (41% v 24% v 21%)

67.7. Lawrence et al 1966
, which the Commissions submitted found that:

… radiological lumbar disc degeneration was more prevalent in foundry workers (with at least 10 yrs work) than in an age-matched general population sample. However, apophyseal joint arthritis in the lumbar spine was significantly more prevalent in the controls.
67.8. Hult 1954
, which the Commissions submitted was a large scale survey in Sweden of neck and back problems in selected workers (aged 25 to 59) which demonstrated that:

Radiological degenerative changes in the lumbar spine were more prevalent in the heavy workers…The difference in the extent of pronounced degenerative change between heavy and light workers was particularly evident in subjects aged 45 and older. More than 90% of all subjects aged 55 to 59 had some radiological signs of lumbar disc degeneration.
67.9. Caplan et al 1966
, that the Commissions submitted:

…assessed radiological degenerative change in the lumbar spines of coal miners aged 40 years and over in Pennsylvania... 

and found that: 

…duration of heavy work was associated with the presence of osteophytes in older subjects (55 to 64). Prior history of back injury was associated with both disc narrowing and osteophytes (results unadjusted for age).
67.10. Sairanen et al 1981
, which the Commissions submitted found:

…no association … between length of work as a lumberjack and prevalence of lumbar disc degeneration. A history of low back pain was reported by half the subjects with normal radiographic findings and two-thirds of those with degenerative changes.

67.11. Katevuo et al 1985
 that the Commissions submitted:

….compared spine X-rays in 30 to 59 year old Finnish dentists and farmers, finding more lumbar disc and apophyseal joint degeneration in the farmers, particularly those 49 years and under.

67.12. White et al 1993
, that the Commissions submitted:

…found a higher prevalence of radiological degeneration in the lumbar spine in female middle-aged physical education teachers in England than in age- and sex-matched general population controls (p < 0.001). However, the control subjects reported more low back pain.

67.13. Luoma et al 1998
 that the Commissions submitted:

…compared lumbar spine MRI findings in machine drivers, carpenters and office workers aged 40 to 45 years in Finland. Degenerative changes were significantly associated with a history of back injury, but not with heavier occupational physical activity.
67.14. Evans et al 1989
 that the Commissions submitted:

…compared lumbar MRI findings in ambulatory and sedentary workers (meter readers and customer service representatives in Colorado), finding no difference in the prevalence of disc degeneration in the males but a significantly higher prevalence of disc degeneration in the sedentary females.
68. Of the studies in athletes the Commissions cited:

68.1. Videman et al 1995
 about which the Commissions submitted:

The athletes had less recent back pain than the controls. Weight lifters had more lumbar degenerative changes than other athletes. There was no difference in the extent of degenerative change between runners and shooters, but soccer players had greater lower lumbar degeneration. After controlling for age and occupational loading, elite level weight lifting (over more than 20 years) could explain only about 10% of the disc degeneration that was seen in that group.

68.2. Lundin et al 2001
 that the Commissions submitted:

…found that former elite athletes (27-39 yrs) from a range of sports had no more back pain than control subjects. They did not report on the extent of degenerative change by type of activity.
68.3. Sward et al 1991
 that the Commissions submitted:

….found considerably more disc degeneration in the thoracolumbar spines of Swedish male national gymnasts vs non-athletes (75% vs 31%).

68.4. Healy et al 1996
 that the Commissions submitted:

…observed significant lumbar degenerative changes in MRI findings of 16 of 19 male athletes, none of whom reported symptoms. The study used no control group but reported that the prevalence of degenerative change was 'similar to that seen in other populations'.

69. Of the other studies, the Commissions submitted:

69.1. Battie et al 1995 
 as finding:

…heavier lifetime occupational and leisure physical loading was associated with greater disc degeneration in the upper lumbar levels. 

69.2. Biering-Sorensen et al 1985
 as being:

A Danish population study of 60 year olds (which) found current heavy physical labour to be associated with X-ray observed lumbar disc degeneration.
69.3. O’Neill et al 1999
 as:

Heavy physical activity was also associated with lumbar osteophytosis but in men only, in a UK population sample, reported by O’Neill et al (1999).

69.4. Videman et al 1990
:

In an autopsy study Videman et al (1990) found an association between vertebral osteophytosis and heavy work; whereas symmetrical disc degeneration was related to sedentary work.

The spinal pathology was seen least in subjects with moderate or mixed physical loading

69.5. Julkunen et al 1981
 as finding:

… that antero-posterior X-rays of a large general population sample demonstrated a positive association of both prevalence and 6-year incidence of thoracic spondylosis with 'arduousness of work' examined in categories.  
70. The Commissions concluded by submitting that collectively, the studies available to the RMA were methodologically weak and are only able to demonstrate associations, not properly test for causation. Only the Seidler case-control study addressed the particular disease as defined by the current Statements of Principles.  

71. The Commissions submitted that the cited studies showed only a moderate degree of correlation between the extent of degenerative changes on imaging and the presence and severity of clinical signs. Degenerative changes are strongly associated with age and most of the studies inadequately controlled for the role of age. 

72. The Commissions also submitted that there was a lack of control for other potential founders; crude exposure assessment potential biases in selection, classification and recall. Although confounding by discrete injury may be a problem, there is some evidence, particularly from the Lawrence study, that the effect of heavy physical activity is independent from discrete injury.

73. In the Commissions’ submission, the Seidler case-control study presented the best available evidence. Its methods of exposure allowed for a dose-response assessment.

74. However, the Commissions also submitted that there were shortcomings in this type of study, which the Commissions contended has the potential for recall and selection bias, with the consequence that the odds ratio in the Seidler et al study would be an overestimation of the risk from heavy physical activity, because odds ratios are overestimates when the disease is highly prevalent, resulting in a significant over-estimate of the risk from heavy physical activity.  

75. The Commissions submitted that despite the limitations, the cross-sectional studies provided support for the Seidler et al study, and overall it is more probable than not that lumbar spondylosis can be caused by long-term heavy physical activity. Carrying or lifting heavy loads is, in the Commissions’ submission, the component of heavy physical activity that is most consistent with the evidence and quantifiable.

76. In regard to the position of the spine, the Commissions contended that the available evidence lends support to the notion that heavy physical work in awkward postures may increase the risk of lumbar spondylosis. The Commissions referred in particular to the Seidler study, which mentions 'extreme forward bending', and the Brinckmann and Lawrence papers concerning working with low head heights and submitted

…undertaking heavy physical work in awkward posture could over-burden the spine by increasing or redirecting the biomechanical load on the spine.

77. The Commissions submitted that this association appears less strong than that for lifting and carrying. 

78. The Commissions opposed a return to earlier versions of the factor, pointing out that the 2002 version of the Instruments (46 and 47) did not distinguish between the flexion, extension and twisting required in heavy lifting, and that which might occur in normal daily activities. 

In the Commissions' view, the available evidence does not support the contention that flexion, extension or twisting per se adds to the risk of developing lumbar spondylosis. These are normal activities of the spine.

79. The Commissions also expressed doubt about the need for an additional Statement of Principles for heavy physical activity carried out in awkward postures.

80. In an oral submission complementing the Commissions’ written submission, the Commissions’ representative said that:  

... in 1999 the … repetitive or persistent flexion/extension [factor] was put into the Statements of Principles in the context of undertaking physical activity.

but that in 2002, the Statements of Principles were amended to include:

…a stand-alone “lifting and carrying” factor and a separate “repetitive or persistent flexion, extension or twisting” factor ...without any connection to undertaking physical activity.

81. He submitted that in the Commissions' view, the factor in the earlier 1999 Statements of Principles,

… was more reflective of the evidence than the 2002 version (and)

… there is good evidence for heavy lifting and carrying… not so good evidence (for)… sustained forward bending…

and that while there may be a case for reintroducing an additional factor for sustained forward bending, this would be:

… another parameter of heavy physical activity, because it is in that context that we’ve got the evidence.
82. He said that the Commissions did not support a stand alone bending and twisting type factor:

…without the concomitant heavy physical activity.

Commissions’ submissions on flight factors

83. A further written submission by the Commissions was made in relation to the second Application for review and concerning powered aircraft and helicopter flight factors in Statements of Principles No 36 and 37 of 2010. This submission complemented the Commissions’ previous submission
 which related to flexion, extension and twisting of the spine. The second submission focussed on:

· flying powered aircraft;

· flying in a powered aircraft as operational aircrew; and

· flying in a helicopter as operational aircrew

84. The Commissions concluded their written submission:  

On the information available, the Commissions see no evidence, apart from the Applicant’s contention itself, to depart from the RMA’s conclusions as reflected in the current Statements of Principles.

Revised proposed Scope of Review and Revised proposed Pool of information

85. After the oral hearing the Council revised its preliminary decision on the scope of the review in respect of flight factors. 

86. As noted above [26], the second Applicant sought review of Statements of Principles concerning lumbar spondylosis Nos. 37 & 38 of 2005 as amended by Nos. 78 & 79 of 2008, and Nos. 36 & 37 of 2010. The Amendment Statements of Principles Nos. 78 & 79 of 2008 and Nos. 36 & 37 of 2010 concerned factors (ja), (ia), (iaa), (ra), (raa) and (sa) of Statement of Principles No. 37 of 2005, which all concern flying in aircraft or helicopters (flight factors).  

87. The second Application contended that the Statements of Principles should be amended to provide lower exposure thresholds for helicopter crews, however that contention was withdrawn by the second Applicant who subsequently informed the Council that the accuracy of the current Statements of Principles in respect of the flight factors was accepted. The Commissions contended for no change to the flight factors. 

88. The first Applicant made no written submission in respect of the flight factors. At the oral hearing however, he did make the submission noted above [51].  

89. Section 196ZA (3) of the VEA entitles interested persons to make an oral submission complementing the written submission. The first Applicant made written submissions only in respect of repetitive or persistent flexion, extension or twisting of the lumbar spine and not in respect of the flight factors. The Council has taken the first Applicant's written and oral submissions on repetitive or persistent flexion, extension or twisting of the lumbar spine into account in reaching its decision. 
90. The Council tentatively decided that, as neither the second Applicant nor the Commissions contended for any change to the flight factors, it would not include those factors in the scope of the review. The Council tentatively decided that the scope of the review identified on a preliminary basis (see [36]) in respect of repetitive or persistent flexion, extension or twisting of the lumbar spine should comprise the review, that is:

91. Without limiting the scope of the Council’s review of (some or the whole of) the contents of the Statements of Principles, the Council presently proposes to have particular regard to whether there was sound medical-scientific evidence upon which the RMA could have relied to amend either or both of the Statements of Principles in any or all of the following ways:

a)
the possible inclusion of a factor or factors in respect of:


repetitive or persistent flexion, extension or twisting of the lumbar spine.

92. By letter dated 16 January 2013, the Council informed the first Applicant, the second Applicant and the Commissions of the Council's revised proposed scope of the review and revised proposed pool of information and invited them to make any written comments as to the Council's revised view on scope and pool by close of business on 8 February 2013. 

93. The only comments received were from the first Applicant who reminded the Council of his oral comments. The Council noted his comments and, as noted above, that the first Applicant's oral submission on the flight factors did not complement his written submission and most importantly, identified no medical science to support any change to the flight factors in the Statements of Principles.

Final Scope of Review

94. The Council's final view on the scope of the review, having taken account of the first Applicant's comments was that it should comprise only the issue noted at [51& 88] above.

Final Pool of Information

95. The Council's final decision on the pool of information was that it should comprise the sound medical-scientific evidence it had identified on a revised preliminary basis as listed in Appendix A.

96. In reaching this decision, the Council took into account the written submissions and complementary oral submissions and considered whether any of the information, to which it was referred, could or should be in the pool. 

97. As mentioned above, the Council noted the first Applicant's references to and submissions concerning information which was not available to (not before) the RMA (see Appendix C). As mentioned above, the Council in its review was unable to (and so did not) consider information which was not available to (not before) the RMA at the relevant times.

REASONS FOR THE COUNCIL’S DECISION

The Council’s Task

98. In conducting a review the Council follows a two-step process. As its first step, the Council identified the pool of sound medical scientific information. The Council identified, from all the information that the RMA sent to the Council
, the sound medical-scientific evidence
 which in its view is relevant to the issue of whether repetitive or persistent flexion, extension or twisting of the lumbar spine could provide a relevant connection between lumbar spondylosis and service. 

99. The second step required the Council to determine whether:

99.1. there is sound medical-scientific evidence in the pool that indicates ('points to' as opposed to merely 'leaves open'
) whether exposure to repetitive or persistent flexion, extension or twisting of the lumbar spine (if found to exist in a particular case) could provide a link or element in a reasonable hypothesis connecting lumbar spondylosis to relevant 
 service.
  The Council had to find that the hypothesis contended for was reasonable and not one which was ‘obviously fanciful, impossible, incredible or not tenable or too remote or too tenuous.’ 

99.2. on the sound medical-scientific evidence in the pool, exposure to repetitive or persistent flexion, extension or twisting of the lumbar spine (if found to exist in a particular case) could provide a relevant connection between lumbar spondylosis and relevant 
 service according to a standard of satisfaction ‘on the balance of probabilities’, or as being more probable than not.

100. In these Reasons the association for both the reasonable hypothesis test (at 99.1] and the balance of probabilities test at [99.2]) are respectively referred to as the ‘relevant association’.

101. It was with these tests firmly at the forefront of its collective mind that the Council considered the sound medical-scientific evidence in the pool of information and the submissions made by the first Applicant and the Commissions referable to the matters within the scope of review.  

102. In forming its judgement on whether there is sound medical-scientific evidence that indicates (ie 'points to' as opposed to merely 'leaving open') the relevant association, the Council was conscious that the reasonable hypothesis test is ‘a test of possibility’ 
 and ‘an unusually light burden.’
 If the reasonable hypothesis test was found not to be satisfied, the balance of probabilities test necessarily could not be met.

DOES THE SOUND MEDICAL - SCIENTIFIC EVIDENCE, 'POINT TO' OR 'LEAVE OPEN' THE RELEVANT ASSOCIATION?

103. As mentioned above, having settled the pool of information, the second question for the Council to consider was whether the sound medical-scientific evidence in the pool of information 'points to' a contended factor in the scope of the review as a link or element in a reasonable hypothesis connecting lumbar spondylosis to relevant service (see para [9] and footnotes), and if so, whether the relevant association exists on the balance of probabilities (see para [9] and footnotes).

132. The only basis upon which the Council can review the contents of a Statement of Principles is by reviewing all the information that was available to (before) the RMA at the relevant times, in order to ascertain whether there was sound medical-scientific evidence upon which the RMA could have relied to amend either or both of the Statements of Principles.

133. The Council considered all the articles in the pool. However, the Council in these Reasons focused its discussion upon its analysis of those articles in the pool which it considered most pertinent to the scope of review.

134. Ultimately, matters of weight are questions for the Council in the exercise of its expertise and scientific judgement, noting that the Councillors are appointed to a particular review because of their specialist expertise in the particular condition (in this case lumbar spondylosis) and the matters within the scope of the review.

THE COUNCIL'S ANALYSIS OF THE INFORMATION BEFORE THE RMA

Preliminary comment on lumbar spondylosis

135. Set out below are some general and introductory comments on lumbar spondylosis and the Council's analysis of the information in the pool.
136. Lumbar spondylosis is defined in the current Statements of Principles as:

…degenerative changes affecting the lumbar vertebrae or intervertebral discs, causing local pain and stiffness or symptoms and signs of lumbar cord, cauda equina or lumbosacral nerve root compression, but excludes diffuse idiopathic skeletal hyperostosis and Scheuermann’s kyphosis. 

Lumbar spondylosis attracts ICD-10-AM codes M47.16, M47.17, M47.26, M47.27, M47.86, M47.87, M47.96, M47.97 or M51.3.

General observations

137. Lumbar spondylosis is a very common condition which typically affects individuals over the age of 60 years.

138. The Review Council for the review of Statements of Principles for Cervical Spondylosis Nos. 33 & 34 of 2005 (SMRC Declaration No. 15) included comments in its decision about the condition that this Council considers to be analogous to lumbar spondylosis:

The Review Council recognise … spondylosis as a clinical diagnosis. It is a common disorder of poorly understood aetiology. Clinically, patients present with symptoms or signs, the causes of which are often difficult to determine.  

The contribution of external factors to the development of … spondylosis is difficult to investigate or verify. Degenerative changes … are common and are often asymptomatic. The correlation between the radiological assessment of degeneration, with changes in structure or function, and signs or symptoms experienced by the patient is generally accepted to be loose, but where investigative imaging reveals a close relationship between them, a diagnosis of … spondylosis can be made.

It is difficult to document the postulated causal pathway … to degenerative change affecting the intervertebral discs or other structures of the spine, by clinical symptoms or signs, or by imaging. These difficulties are reflected in gaps in the evidence that appear in the academic literature. 

Scientific research into the pathology of the condition has predominantly focused on the objective evidence of degeneration in the spine (without the symptoms or signs which would meet the description ‘cervical spondylosis’ provided by the Statements of Principles) in the context of lengthy occupational exposures to various stresses with frequently inadequately documented related clinical findings. The major scientific challenge confronting this Council is to apply their collective expertise to interpret this apparently scant and patchy medical scientific evidence.

139. Similarly to cervical spondylosis, the definition of lumbar spondylosis in the Statements of Principles has two main facets; the symptomatic features, e.g. pain and stiffness in the described lumbar regions, and the degenerative features of the spine, which are usually identified through imaging. 

140. There is some discrepancy in the terminology used in the literature, as well as in outcomes measured. Often lumbar spondylosis equates in the literature to degenerative disc disease of the lumbar vertebrae, or specific degenerative features, and may not always correspond to the diagnosis of lumbar spondylosis as specified by the Statements of Principles, which includes radiologically defined features combined with symptoms such as pain and stiffness.  

141. Various terms used in the literature which have been applied to lumbar spondylosis are lumbar disc degeneration, (lumbar) degenerative disc disease, degenerative arthritis affecting the (lumbar) spine, osteoarthritis of the (lumbar) spine osteoarthrosis of the (lumbar) spine, and osteochondrosis.

142. References are also made in the literature to 'rheumatism’. This is a very broad term referring to diseases of the joints and related structures, and involving pain and stiffness. This term is used less commonly now than it was in the past. Certain authors cited in this decision may have included lumbar spondylosis in the category of 'rheumatism', but not all rheumatism refers to lumbar spondylosis. For example rheumatic diseases may include 'rheumatoid arthritis’ which is an autoimmune disease that is not related to lumbar spondylosis.

143. The term ‘disc degeneration’: 

is commonly used for an overall subjective impression of imaging findings, including signal loss, bulging, herniation, end plate irregularities, osteophytes and narrowing of the disc space.


144. As noted in paragraph [36] above, the Council's preliminary decision on the scope of this review was:  'the possible inclusion of a factor or factors in respect of:

Repetitive or persistent flexion, extension or twisting of the lumbar spine.
145. Whilst the first Applicant submitted to the Council in the course of the oral hearing that his contention was that twisting and turning alone, without an association with prolonged bending forward and lifting, should be included as a factor in the Statements of Principles he also went on to contend that the factor as it stood in 2002, should be included.

146. The Council noted he relevant factors in the Statements of Principles, until revocation in 2005, referred to:

repetitive or persistent flexion, extension or twisting of the lumbar spine

147. 
The Council noted there are two distinct aspects to the contention:

i) persistent (prolonged, forward) flexion (i.e. bending); and 

ii) repetitive movement, such as extension or twisting.

148. In its consideration of the sound medical scientific evidence, the Council carefully considered how each study addressed either or both of these two aspects of the contended factor, noting that the terminology used within studies varied. For example, forward flexion was referred to in some studies as prolonged or sustained forward bending, forward bent posture, stooping/stooped posture and extreme stooping posture. Extension or twisting studies also refer to axial rotation or torsion.
149. For consistency and comprehension, within these reasons, the Council has retained the wording used for the two categories as outlined at [147] above. 

150. The Council also noted that a number of the cited studies address the issue of heavy work and weight-bearing activities either separately or in conjunction with repetitive or persistent flexion, extension or twisting of the lumbar spine

151. As the current Statements of Principles have factors for 'carrying or lifting loads … while bearing weight through the lumbar spine', the Council has focused its consideration on repetitive or persistent flexion, extension or twisting of the lumbar spine and referred in these reasons to carrying or lifting loads in terms of exclusion or confounding.

THE REVIEW COUNCIL'S ANALYSIS OF THE INFORMATION IT CONSIDERED MOST IMPORTANT AS BEING POTENTIALLY REFERABLE TO THE CONTENDED FACTORS for 'Repetitive or persistent flexion, extension or twisting of the lumbar spine.'

Seidler, A. Bolm-Audorff, U. Heiskel, H. Henkel, N. Roth-Küver, B. Kaiser, U. Bickeböller, R. Willingstorfer, WJ. Beck, W. Elsner, G. 2001, ‘The role of cumulative physical work load in lumbar spine disease: risk factors for lumbar osteochondrosis and spondylosis associated with chronic complaints.’ Occupational & Environmental Medicine, vol. 58, no.11, pp.735-46. (RMA ID 24299)
152. The authors conducted a case-control study 

to investigate the relation between symptomatic osteochondrosis or spondylosis of the lumbar spine and cumulative occupational exposure to lifting or carrying and to working postures with extreme forward bending.
  

153. Subjects were recruited from six German clinical centres. Cases were 229 males aged between 25 and 65 years with confirmed osteochondrosis
 or spondylosis of the lumbar spine and chronic low back pain complaints. Of these 135 also had reported acute lumbar disc herniation, and 94 had osteochondrosis or spondylosis, without disc herniation.

154. Controls were 197 eligible males, all without history of back complaints: 107 from a general population sample of age matched males, 90 from a clinical sample of urolithiasis patients.
166. A validated questionnaire was used to document musculoskeletal symptoms.
167. Structured interviews were used to gather detailed occupational exposure data, including descriptions of the objects that had been lifted and carried. A formula for estimating cumulative exposure to lifting or carrying was used to incorporate duration, load weight and trunk flexion and standard coding was used for occupations. 
  This data was also used to construct a job exposure matrix.

168. Reliability testing found that agreement of the self-reported data was good to excellent.

169. Logistic regression was used to adjust for: age, region, nationality, and conditions which might affect lumbar discs: malposition of hip or pelvis, leg length discrepancy, scoliosis. Other potential confounders explored were: smoking, body mass index, sedentary work; various sporting and recreational activities; and psychosocial factors.

170. Low back pain was found to be strongly associated with radiographic signs of osteochondrosis or spondylosis with an odds ratio (OR) 
 of 5.4 and a 95% confidence interval (CI)
 of 2.2-13.0.

171. Excluding cases with a history of lumbar disc herniation, high physical workload had a strong and significant association with symptomatic osteochondrosis or spondylosis (OR 6.5, 95% CI 2.7-16.1), with a marked dose-response relationship. Cumulated lifting/carrying >150,000kg had a strong association with these outcomes (OR 8.5, 95% CI 3.1-23.2). 
172. The category of extreme forward bending (>90 degrees trunk flexion) for up to 1500 accumulated hours was associated with a significantly increased risk of symptomatic osteochondrosis or spondylosis (OR 2.0, 95% CI 1.2 -3.5). This association increased when there were greater than 1500 accumulated hours (OR 4.3, 95% CI 2.3- 8.0).  

173. When cases with disc herniation were excluded, there was a strong and statistically significant association between extreme forward bending >1500 accumulated hours and 'pure osteochondrosis or spondylosis' (OR 3.5, 95% CI 1.5-7.9).
    

174. These associations showed highly significant trends when the exposure score was analysed as a continuous variable (p<0.00005); when herniation was included (p<0.003); and when herniation was excluded.

175. When lifting or carrying were combined with extreme forward bending, the risk was greatly elevated for 'pure osteochondrosis or spondylosis' (OR 18.2, 95% CI 4.8-68.4).   

Council's comments

176. The Council considered this was a persuasive study in which the authors examined extreme flexion as a cause of lumbar disk degeneration and it is therefore directly relevant to that aspect of the proposed factor. Twisting of the lumbar spine was not studied.

177. The Council considered that the key potential problem with this paper is recall bias, i.e. people with lumbar spondylosis might over-estimate their prior exposure to load carrying and extreme flexion. Council noted the Commissions' submission about the potential for recall and selection bias, but noted that recall bias is a problem in all case-control studies, and could only be avoided in a prospective study and such studies do not exist in this field. In relation to the potential for selection bias the Council noted that selection bias can also be a problem in all case-control studies however the authors have done a reasonable job of selecting from a random population sample. The Council does not support the contention that selection bias is a major methodological problem of this study. The Council agreed with the Commissions that this study was the best available evidence.

178. The Council commented on the Commissions' further contention that the odds ratio in this study is an overestimation of the risk from heavy physical activity, because odds ratios are overestimates when the disease is highly prevalent, as this condition is, particularly in more aged populations. The Council agreed that odds ratios can be an overestimate compared to a relative risk, however the Council considered that this does not change the statistical significance of the findings and that it was not a serious flaw in this study.

179. Despite limitations, the Council considered this to be a paper as methodologically sophisticated as any in this area of interest. The authors examined quantified measures of occupational [prolonged] forward bending/flexion in relation to spondylosis and osteochondrosis. 

180. The Council noted that Table 3 shows results for extreme flexion, with adjusted odds ratios for >1500 hours of extreme flexion of 4.3 (all subjects) and 3.5 (excluding subjects who had disc prolapse) which the Council considered to be convincing of the relevant association.
 

181. The Commission submitted that the effect of posture could not be disentangled from the effects of lifting and carrying, and that the majority of cases in the highest category for hours of extreme forward bending were also in the highest category for cumulative lifting and carrying (29 of 34).

182. The Council noted that the next part of the table attempts to disentangle heavy lifting from extreme flexion. It identifies a category of people who lifted ≤150,000 kg hrs
 and who had extreme flexion ≥1500 hours. The ORs were 4.1 (all subjects) and 2.4 (excluding subjects who had disc prolapse). The OR of 2.4 for lumbar spondylosis was not statistically significant, but the Council considered this is probably due to small numbers. Whilst some of the increased risk was due to heavy lifting and carrying, the Council was of the view that the overall pattern of ORs is consistent with an increased risk associated with extreme flexion and bending.  

183. The Council considered that this study:

· points to the relevant association with persistent (prolonged, forward) flexion; but 

· does not touch on the relevant association with repetitive extension or twisting.

184. The Council further considered that this paper supports extreme flexion of greater than 1500 hours duration as a factor in a reasonable hypothesis connecting lumbar spondylosis with service. 

Lawrence, J. S. Molyneux, M. K. & Dingwall-Fordyce, I .1966, ‘Rheumatism in foundry workers’, British Journal of Industrial Medicine, vol. 23 pp. 42-52. (RMA ID 13248)

185. This cross-sectional/historical cohort study compared the prevalence of 'rheumatic diseases' and work time lost from these diseases, with population based controls. The authors selected from several foundries, 325 workers aged 35 to 74 years who had worked for at least 10 years on the foundry floor. 299 workers (a 92% completion rate) were examined clinically and radiologically for evidence of rheumatic disease. A comparison was made to series of radiographs from a male age-matched random population sample. Loss of time from work was by self-report in the foundry workers and compared to the expected number calculated from the population controls.

186. Lumbar disc degeneration was more frequent at all ages in the foundry workers (chi-square (Ҳ2) of 4.5, P ≈ 0.04), who also had significantly increased prevalence of more severe degeneration compared with the controls.
 This difference was even greater when miners were removed from the control group (p=0.001).  

187. Various trades included in the foundries included moulders, core makers, welders as well as general labourers. Of these foundry workers, the moulders and general labourers showed the greatest frequency of disc degeneration. A higher prevalence of the most severe level of degeneration was found in moulders despite half of them being in the youngest age group.

188. On the other hand, compared to controls, foundry workers had significantly less osteoarthrosis in the apophyseal joints of the lumbar spine as well as hips, knees and fingers. They also had lower levels of symptoms, i.e. those foundry workers who had lumbar degeneration reported less pain and took less time off work than expected, from the non-foundry controls.

189. Overall, rheumatic complaints and prolonged incapacity were less frequent in foundry workers than the controls, but evidence of lumbar disc degeneration was more frequent and more severe, and lumbar disc prolapse was more frequent. The authors investigated the possible influence of radiant heat on these findings. 

Council's comments
190. The Council noted that rheumatism is a general term referring to diseases of the joints and related structures, and involving pain and stiffness. Although the term is less commonly used, now than during the 1960’s, it is used as an umbrella term in the title of this article. More specific outcomes of radiological evidence of lumbar disc degeneration are discussed within the study. 

191. This study addressed both pain and radiological evidence however there were contradictory results in the foundry workers. The foundry workers had more lumbar disc degeneration, but reported less pain than the controls.

192. The Council considered that this study:

· leaves open the relevant association with persistent (prolonged, forward) flexion; but 

· does not touch on the relevant association with repetitive extension or twisting.

Kellgren, J.H. & Lawrence, J.S. 1958, ‘Osteo-arthrosis and disk degeneration in an urban population’, Ann Rheum Dis, vol. 17. pp. 388-397. (RMA ID 13036)

193. This study aimed to investigate causative factors for osteoarthritis and disc generation, in particular a polyarticular form described as 'primary generalised osteo-arthritis', which had previously been shown to be very common in women in an urban population studied.  

194. Using clinical, radiological, and serological examinations of a random sample of subjects from the town of Leigh
, the authors looked at the number of affected joints and graded them into five levels of severity. The prevalence of signs of osteo-arthrosis
 in the 55-64 age group was 87% in women and 83% in men (which the authors noted may have been slightly elevated due to a higher response from symptomatic persons).
 Whilst women had more arthritis in the fingers and legs, men had a higher proportion of lumbar spine disk degeneration. Osteoarthrosis of the finger joints was associated with lumbar disc degeneration.

195. Both miners and cotton workers had significantly more osteoarthritis and disc degeneration than men in other, unspecified, occupations. 

196. The authors noted that the most striking finding in respect of the miners was the excess of lumbar degeneration which was statistically significant (p<0.003)
 and consistent with their earlier study (Kellgren & Lawrence 1952). The authors posited that this was closely related to mechanical stress due to coal mining.

197. There were too few cotton workers to observe statistically significant excess prevalence.

198. The study did not report any specific analysis of exposure to twisting, bending, or lifting.

Council's comments

199. The Council noted that this paper was less relevant in its analysis to the factors of interest than some of the other papers by the same authors. It did not touch upon twisting or bending specifically, although when viewed together with the series of articles by the same authors, it provided some background support for the other articles in the series, due to the consistency of results. 

200. The Council noted that there was high prevalence of disc degeneration in the miners indicating that they had more lumbar spondylosis. These findings agreed with the findings of the earlier study discussed in these reasons (below), which suggested that prolonged stooping is one of the factors in mining that tends to increase the severity and frequency of disc changes. This study lacked sufficient statistical analysis for the Council to identify possible contributions of forward flexion (or twisting) to the prevalence of lumbar disc degeneration in minors.

201. The Council considered that the study:

· leaves open the relevant association with persistent (prolonged, forward) flexion; but 

· does not touch on the relevant association with repetitive extension or twisting.

Lawrence, J.S. & Aitken-Swan, J. 1952, ‘Rheumatism in Miners: Part I: Rheumatic Complaints’, British Journal of Industrial Medicine, vol. 9, pp. 1-18. (RMA ID 1286)

Kellgren, J.H. & Lawrence, J.S. 1955, ‘Rheumatism in miners Part II: X-Ray Study’, British Journal of Industrial Medicine, vol. 9, pp. 197-207. (RMA ID 13288)

Lawrence, J.S. 1955, ‘Rheumatism in coal miners. Part III Occupational factors’, Brit J Industr Med, vol. 12, pp. 249-261. (RMA ID 5528)
202. Lawrence and colleagues conducted a number of early epidemiological studies, including those mentioned in these Reasons and notably the three-part series titled 'Rheumatism in Miners', Part I: Rheumatic Complaints' (1952), Part II:  X-Ray Study (1952) and 'Part III: Occupational Factors' (1955). Whilst published separately, the studies follow sequentially, based initially on a large population sample from the coal-mining town of Bedford. Each subsequent study builds on the findings of the preceding one(s). 
203. Part 1 of the series, Lawrence, J.S. & Aitken-Swan, J. 1952
, reported on investigations into the incidence of these conditions during a five year period. 
204. The investigators surveyed all men employed at the Bedford colliery at Leigh, (just over 1000) of which 80% worked underground.
  Additional surveys included families of the miners, workers at an engineering yard, office staff and a random sample of the town of Leigh. 
205. In total the survey included 1742 male miners from three mines; 1939 non-miners, and 1935 females from mining families. The survey questioned rheumatic complaints based on the preceding five-year-period and each person’s working conditions. The miners were questioned about the duration of work underground and postures used, specifically, kneeling and stooping.
 
206. A range of diagnostic categories were used. Where the history and physical signs were definite enough for a diagnosis, such as rheumatoid or osteo-arthritis to be made, this was recorded as the cause of pain. A category of 'disc disorders' was used to separate those conditions from 'the mass of painful disorders of undetermined nature'. Disc disorders were defined as 'recurrent low back pain, which would formerly have been classified as osteoarthritis of the spine or spondylosis... (including those few) …considered to have had definite disc prolapse'.

207. The authors stated that there were 'some issues with case ascertainment', especially differentiating between undetermined pain and pain due to disc degeneration.
208. Overall, rheumatic complaints were found to be no more frequent in the miners than in the population as a whole, however the rheumatic conditions had greater impact on their working lives and there was evidence of earlier onset of symptoms, with a steeper rise in the fourth decade.
 A contrasting pattern in females and non-mining males was found. In all age groups, females (all non-miners) and non-mining males from mining families had less overall rheumatic complaints than females or non-mining males from non-mining families,
 which the authors noted argued convincingly against hereditary or home environment factors in the 'rheumatism’ of miners.

209. There was a higher frequency of complaints in the back and hips in the miners than in the non-miners at all ages, which was 'most marked in the fourth decade'.

210. The authors included all miners, rather than a sample, which they noted reduced the risk of sampling error.

211. The survey relied primarily on subjects' recall of the past five years. A clinical examination was carried out only when a history of rheumatic pain was reported.

212. The study detailed in Part II of the sequence is Kellgren, J.H. & Lawrence, J.S. 1952.
 For this part of the series, the authors selected a subset of the population studied in Part I with the aim of a detailed investigation of pain in relation to disc degeneration, osteo-arthritis, or rheumatic disorders of uncertain nature.
 The study was confined to males in the fifth decade of life. Clinical symptoms and radiological features of 84 miners and 87 non-miners (45 manual and 42 office workers) were examined in detail. An additional 24 men who had worked both underground and on the surface were studied for additional comparison. All films were read by four observers, sometimes two or three times. Variation in interpretation of the films did not appear to the authors to be a serious source of error.

213. Few differences were found in characteristics between groups, other than in the exposures and outcomes of investigation.
 Any congenital abnormalities were documented. 

214. Clinical examination revealed the following: 10 of 11 participants with painful disability of the back were miners. Loss of lordosis was observed in 33 miners and only 18 non-miners. Signs of arthritis of the hip were found in three miners and no non-miners. 

Altogether, signs (of disability) in the lumbar spine and knees, hips, and elbows were found predominantly in the miners, but signs in the wrists and shoulders were, if anything, more common in the other groups.

215. Radiological signs of disc degeneration in the lumbar spine were clearly more predominant amongst the miners. Comparing workers with no disc degeneration, there was a highly significant difference between miners and manual workers (P<0.001). Such differences between the groups were not found in the cervical spine.
  There were also significantly more miners with three or more discs affected (P=0.05) and with greater severity (P<0.05), compared to manual workers. 

216. Radiological change was also significantly associated with lumbar sciatic pain.

217. In the third part of the sequence, Lawrence, J.S. 1955
 the author explored some of the factors and mechanisms which might potentially explain the findings in Parts I and II, that miners lost more working time from rheumatic complaints and had more frequent and severe changes both of disc degeneration and osteoarthritis of the knees and other joints. Part III of the study investigated the relative effect of work at the coal-face and in the roadways, the effect of damp, posture and of heavy lifting.

218. As detailed in Part I, the Bedford miners had been accustomed to roof heights of between 3ft and 4 ft.
 
219. Initially it was found that 'rheumatic complaints reached a maximum in two peaks, one at a seam with a roof height of 3ft to 3ft 5ins (mainly faceworkers) and the other with a seam height of 4ft 6 to 4ft 11 ins (mainly roadworkers). The author considered they were not able to determine the effect of posture alone on this information because
(1) …comparison of face workers and roadway workers introduces other variables, and can not be used to determine the effect of posture.

220. Therefore, in Part III of the study, the investigators compared the face workers to a sample of men from two other collieries (Sandhole and Mosley) who worked in coal seams with roof heights of 4ft 6in to 5ft 6ins.
 These miners 

… had a similar (dry) climate to the Bedford workers but had to adopt a stooping position and did not kneel.
  

221. Miners were divided into roadway and face workers and the latter further subdivided according to height of roof and wet or dry conditions. 

222. A sample of dockworkers was also studied. Altogether, four occupation groups were compared: miners, dockers, light manual workers and office workers. 
223. Routine lumbar spine radiographs were judged independently by two observers blinded to the occupational and symptom status of the subjects.

They [Sandhole Mosley workers] complained rather more than the Bedford workers of back-hip-sciatic pain, had 50% more incapacity, and nearly three times as much prolonged disability. The radiological changes, however, were no greater and the number of discs affected was also very similar

224. The authors then further analysed the data according to the roof height at which the miner had worked for the greatest time, and by both the number of discs affected and severity. Whilst the miners working at a roof height of up to 3ft 5ins had most frequent radiological changes, severe change was found in both 3ft 5ins and 4ft to 4ft 5 ins.
    However the distribution of these outcomes was not consistently correlated with roof height.
The radiological differences were below accepted levels of significance and gave no clear evidence that there is a pathological basis for the increased disability at these roof heights though they certainly do not exclude such a basis.

225. When duration of time spent stooping was analysed, pain, loss of work and prolonged disability were most frequent in men who had worked for 15 to 25 years in a stooped position. 
Those who had stooped less or more than this, less often complained…

… The physical signs … became less with prolonged stooping, but radiological changes became increasingly severe and involvement of multiple discs increasingly more probable. The increase of severity, however, was not marked and was within the limits of chance, but there were significantly more men with five or six discs involved amongst the prolonged stoopers (over 30 years P = 0.02).

226. This overall increase in severity of degeneration was not explained by history of back injury.
 The authors could not exclude the possibility of a pathological basis for the changes in relation to roof heights.
 They concluded:
Prolonged stooping thus appears to have an adverse effect on the intervertebral discs but there is some measure of adaptation with persistence at this type of work... 

The alternative that those most susceptible to pain go over to work of a different nature and so do not develop such severe changes must, or course, be considered. In either event it would appear that prolonged stooping is one of the factors in mining which tends to increase the severity and frequency of disc changes.

227. Statistically non-significant increase in symptoms was also shown in those who had carried out heavy lifting for more than 30 years. Incapacity for work increased with the duration of heavy lifting.
 Prolonged disability was four times as common in those who had worked over 30 years at the coal face, and this difference was statistically significant (p<0.01).

228. Marked differences were also found between the miners and light or office workers.  Miners and dockers had similar frequencies of complaints and of radiological change but the miners had elevated severity (12% in miners vs 2% in dockers with highest grade of radiological change; 36% vs 18% respectively for involvement of four or more discs).

Council's comments

229. The Council noted that rheumatism is a general term referring to diseases of the joints and related structures, and involving pain and stiffness. Although the term is less commonly used now than during the 1960s, it is used as an umbrella term in this series of papers. More specific outcomes of radiological evidence of lumbar disc degeneration are discussed within the study. 

230. The Council noted that this series is a very early but a seminal work in the area of an evaluation of a particular occupational group/s – one of the first epidemiological studies. 

231. The Council further noted that the first part of the study provided descriptive statistics on the mining population, and analysed the different rates of spinal disc disorders in miners compared to non-miners. However it did not analyse the specific activities of the miners, an issue which is addressed to some extent in Part III
 of the study.

232. Part II of the series examined both the clinical signs and radiological evidence of disc degeneration which are features of spondylosis.
233. While Part II of the series did not specifically report on the exposure of persistent (prolonged, forward) flexion, the Council considered it to be useful in identifying the elevated prevalence of lumbar problems in miners. Part III of the study more specifically addressed stooping or persistent (prolonged, forward) flexion.
234. The Council considered Part III to be particularly relevant because of the differences in pain and in the evidence of disc changes in the miners required to work in extreme stooping postures, compared to those required to stoop less.
235. The Council noted the Commissions’ submission that the assessment in this study, showed only a possible influence (not reaching statistical significance) of stooping on lumbar spondylosis, which was less important than injury or duration of lifting.  
236. The Council considered that Part III when read in conjunction with the preceding papers in the series contributed to a combined body of evidence which indicated an association between persistent flexion and lumbar spondylosis. Confidence in the results from this paper was strengthened by the supporting information from the overall series of studies of miners. 
237. The Council considered that as a group, the study series:

· points to the relevant association with persistent (prolonged, forward) flexion; but ;

· did not touch on the relevant association with repetitive extension or twisting.

238. The Council further considered that this paper, read in conjunction with the preceding papers in the series:

· provides sufficient evidence for the Council to be satisfied on the balance of probabilities of the relevant association between persistent (prolonged forward) flexion and lumbar spondylosis.
Sward, L. Hellstrom, M. Jacobsson, B. Nyman, R. & Peterson, L. 1991, ‘Disc degeneration and associated abnormalities of the spine in elite gymnasts. A Magnetic Resonance Imaging Study.’ Spine, vol. 16, no. 4, pp. 437-43. (RMA ID 23488)

239. This was a Magnetic Resonance Imaging (MRI) comparison study of 24 Swedish male elite gymnasts aged 16-29 and 16 male non athletes aged 23-26 years as referents. Three examiners rated the MRIs blinded to the identity of the individuals. 

240. Back pain was reported by 79% of the gymnasts and only 38% of the referents. Back pain was significantly associated with reduced disc signal intensity (p<0.01). Signs of disc degeneration (defined as reduced disc signal) in the thoracolumbar spine were found to be significantly more common in the gymnasts (75%), in comparison to non-athletes (31%). Higher frequencies of other abnormalities were also found in the gymnasts (reduced disc height; posterior disc bulging, Schmorl's notes, apophyseal ring abnormalities and abnormal configuration of the vertebral body) although the differences for these were not statistically significant. As the non-athletes were slightly older, the authors suggested that this difference may have been underestimated.
  

Council's comments

241. The Council acknowledged certain limitations of the study, which include the retrospective recall of other risk factors, use of non-standard survey instruments, and a lack of adjustment for potential confounders; the small sample group and the non-matched aged group. However, its strengths include objective findings using MRI and clear evidence of the athletes’ training history.

242. The Council noted that this paper dealt with male gymnasts, who, while exerting flexion and rotation forces are also adding a considerable amount of lifting force through their own body weight in gymnastic manoeuvres. The Council considered that the observed effects could be attributed at least in part to the lifting force and/or that repeated small trauma to the spine [due to years of gymnastic manoeuvres] could be a mechanism involved in the degeneration.

243. The Council noted that whilst the study numbers were small, male elite gymnasts had greater frequency of radiological symptoms as well as pain.

The Council considered this to be a reasonable study that touched on the factor of interest. The Council could not separate the effects of twisting and bending from those of the force of body weight. The study demonstrated the difficulty in this field of disentangling the different factors involved in the causation of disc degeneration and lumbar spondylosis.

244. The Council considered that the study:

· leaves open the relevant association with persistent (prolonged, forward) flexion; and 

· leaves open the relevant association with repetitive extension or twisting.

Lundin, O. Hellström, M. Nilsson, I. & Swärd, L. 2001, ‘Back pain and radiological changes in the thoraco-lumbar spine of athletes. A long-term follow-up’. Scandinavian Journal of Medicine and Science in Sports, vol. 11, no.2, pp.103-109. (RMA ID 23336)

245. This study follows up an earlier study in which 173 young elite athletes and non-athletes were compared using radiological evidence. It focused on the correlation between back pain and disc degeneration. Selection to the initial study was without prior knowledge of subjects’ back injury or pain status, and assessors, blinded to the identity and status of the participants, graded the images by number of abnormalities.

246. This follow-up study, 12-15 years later, radiologically re-examined 134 of the athletes representing four different sports and 28 of the non-athletes (94% of the initial participants).
 Blinded comparisons were made to the subjects' previous x-ray films and current back pain was analysed in relation to radiological evidence of spinal abnormalities. 

247. In the initial study the athletic groups had reported back pain at frequencies of 50-85%.  At follow-up, after the gymnasts had retired from competitive sports, this had decreased from 85% to 67% in male gymnasts, whereas the frequency remained the same in the other athletes (50-68%).
 The authors commented: 

It is possible to speculate that the reduction in back pain among the male gymnasts depends on the reduction in the traumatic load on the spine. Although no overall difference in back pain between different groups of athletes or between athletes and non-athletes could be demonstrated, it is noteworthy that severe back pain was more common in wrestlers than in the other groups of athletes or non-athletes.
  

248. None of the gymnasts were still active at top elite level but most were still physically active. There was no difference in the reported back pain between the athletes (60%) and non-athletes (61%). Severe back pain was more common in the group of wrestlers (54%)
 than in other groups of athletes (29%-37%) or non-athletes (32%), but no statistical analysis or adjustment for other variables was made. 

In the initial study, the authors found a significant increase in the number of radiological abnormalities among athletes (Hellstrom et al., 1990
) and a correlation to back pain (Sward et al., 1990
). …

In the present follow-up study, there was no longer any significant correlation between the number of radiographic abnormalities and back pain. The only significant correlation was between the interval deterioration in the disc space height and back pain.

249. From the first to the second examination there was significant correlation between disc height reduction and back pain (P= 0.005), and also between the number of discs deteriorated and back pain (P=0.0003).
 

…when the progression of disc height reduction or new disc height reduction between the two examinations was studied in the entire material, a significant relationship between disc height reduction and back pain was found (p=0.005) (Fig.1). A significant correlation between the number of discs that had deteriorated and back pain was also found (p=0.0003) (Table 4).

…

Despite a higher frequency of radiographic abnormalities among the groups of athletes, they did not report significantly more back pain than the non-athletes.

Council's comments

250. The Council noted that this was a follow-up of an earlier study by Sward et al 1990
 but considered the results at follow-up to be less persuasive than the results reported by the authors in their original study, as the athletes had less pain at the second examination.  

251. The Council considered that the study:

· leaves open the relevant association with persistent (prolonged, forward) flexion; and

· leaves open the relevant association with repetitive extension or twisting.

Hardcastle, P. Annear, P. Foster, D.H. Chakera, T.M. McCormick, C. Khangure, M. & Burnett, A. 1992, ‘Spinal abnormalities in young fast bowlers’, J Bone Joint Surg [Br], vol. 74-B, pp. 421-425. (RMA ID 12921)

252. In a small Australian imaging series, the investigators examined a group of 24 (cricketing) fast bowlers, aged16-18 years. The authors noted that:

The action of fast bowling applies large forces to the spine, taking place as many as 300-500 times per week, and involving extension, lateral flexion and thoracolumbar rotation (Cotta and Neithard 1984). Low back pain is common and many young fast bowlers are lost to the game because of this (Evans, Jobe and Seibert 1989)

253. The fast bowlers were examined and questioned about low back pain and its association with cricket. All had MRI scans, 22 had radiographs, and CT scans. 20 had video and high-speed film biomechanical analyses of their bowling actions. A control group of 13 batsmen from the same age group had clinical assessment and MR scans (but apparently not CT scans or radiographs). 

254. Radiographs, CT, and MR images were analysed, revealing that 12/22 had pars interarticularis defects; 14/22 had disc degeneration. 

255. Seven of the 13 batsmen also had evidence of disc degeneration. None had spondylolisthesis visible on MR, but 'spondylosis could not be excluded without radiography'.

256. The study found a 19% incidence of spondylolisthesis in the bowlers, much higher than the normal Caucasian population rate of 5%-7%. Spondylolysis was seen in 35% but no figure for normal incidence was available.
 
257. Degenerative disc disease was found in 63% of the bowlers, and in 53% of the batsmen, evenly distributed throughout the lumbar spine, but more common at the lower levels. The authors considered these rates to be a much higher incidence than shown in previous studies.

258. The bowling actions of the young bowlers were classified according to the rotation and counter-rotation.
 
259. Eleven of the 13 subjects with pars interarticularis defects had pain when bowling. The only fast bowler who did not experience pain used an unusual bowling action with counter-rotation movement.  Only two of the bowlers had completely normal spinal images and neither had any pain. 
260. All ten of those who rotated >10 degrees between the line of the shoulders and the back foot had pain and degenerative signs. All but one of the 6 who rotated < 10 degrees also had radiological abnormalities. Two of the four who used lateral flexion had no abnormalities.

261. The study concluded that: 
· Young fast bowlers have a high incidence of disc degeneration and pars interarticularis defects.

· Pain was always associated with a radiological abnormality.

· Abnormal rotation and/or hyperextension before delivery of the ball appears to cause a significantly higher incidence of both conditions

· Rotation seemed to be the main cause of unilateral defects.

Council's comments

262. The Council considered this study to be relevant to the repetitive extension or twisting factor because it indicates that a rotation of more than 10 degrees may induce lower back pain in fast bowlers. However, five of the six bowlers whose technique involved rotation of < 10o had radiologic evidence of disc degeneration whereas six of the 10 whose technique involved > 100 had disc degeneration. 
263. The Council noted that the fast bowlers appeared to have very high rates of lumbar disc degeneration (63%) and pain; and the batsmen, who also used extension but to a lesser degree, had a lower but still apparently high frequency (53%) of lumbar disc degeneration.

264. The Council was not persuaded that the findings of this study apply more broadly to the general population because of the specific characteristics of the subjects of the study (cricketers). Fast bowlers are known to develop stress fractures (spondylolysis) resulting from repeated traumas which the Council considered may be the mechanisms for the development of pain and spondylolisthesis in these subjects.
 The Council further noted the existence of Statements of Principles concerning spondylolisthesis and spondylolysis,
 and that having spondylolisthesis of the lumbar spine before clinical onset or worsening on lumbar spondylosis is currently a factor in the Statements of Principles concerning lumbar spondylosis. 
265. The Council considered that the study:

· does not touch on the relevant association with persistent (prolonged, forward) flexion; and 

· touches on, but leaves open, the relevant association with repetitive extension and twisting. 

White, J.A. Wright, V. & Hudson, A.M. 1993, ‘Relationships between habitual physical activity and osteoarthrosis in ageing women, Public Health, vol. 107, pp.459-470. (RMA ID 1506)

266. The authors investigated the possible contribution of habitual physical activity to osteoarthrosis development in terms of biomechanical factors. They compared the prevalence of osteoarthrosis symptoms in women with a history of regular sporting activity, to that of a general population study of British women published by the Arthritis and Rheumatism Council (ARC).
  

267. The subjects were a sample group of female physical education teachers aged 48-60 years. Validated questionnaires were completed by 577 (84%) of 844 subjects invited to participate, and x-rays were obtained for 365 of these subjects, and graded by two independent radiologists. 

268. Results revealed a significantly higher prevalence of degenerative joint disease in the lumbar spine of the subjects aged 48-60 than in the general population women aged 45-60 (Ҳ2=52.70, p<0.001). The prevalence of degeneration was highest at L3/L4 followed by L4/L5 and L2/3.

269. The authors did not report any data on specific types of physical loading.

Council's comments
270. The Council considered this to be a reasonable epidemiological study. It compared women in the study to a general population sample, and used x-rays. However, the study did not provided details on the type of physical activity in which the subjects were engaged. 

271. The Council considered that the study may point to some type of association between physical activity and the condition of interest, but the type of physical strain and loading cannot be isolated from the available information in the study. 

272. The Council considered that the study:

· leaves open the relevant association with persistent (prolonged, forward) flexion; and 

· leaves open the relevant association with repetitive extension or twisting.

Videman, T. Sarna, S. Battié, M.C. Koskinen, S. Gill, K. Paananen, H. & Gibbons, L. 1995, ‘The long-term effects of physical loading and exercise lifestyles on back-related symptoms, disability, and spinal pathology among men’, Spine, vol. 20, no. 6, pp. 699-709. (RMA ID 23490)

273. This historical cohort study of 937 former elite Finnish athletes and 620 control subjects investigated the long term effects of exercise on back pain and degenerative changes; following previous findings that certain athletic activities may accelerate spinal degeneration, some physical loading was associated with spinal pathology or increased reports of symptoms, and some types of loading may protect against spinal degeneration.

274. The former athletes were selected from eight different sports with clearly different physical loading patterns and grouped according to the type of training undertaken; running, soccer players, weight lifters, and shooters. Controls were selected from a Finnish military register
 of men who were classified as completely healthy at age 20 years and who were matched against each athlete in age and residence.  

275. Demographic and health data were obtained from linked hospital, population, and social welfare records. A questionnaire was sent to all respondents under 65 years and a sub-group was examined by MRI. 

276. Outcomes examined included long-term pain, spinal pathology, and back-related symptoms. Adjusted cumulative 16-year incidence rates of these outcomes were calculated and compared between the various athlete groups and controls and expressed as odds ratios.
 Sport participation and a graded occupational physical loading, based on a five-point scale, were used as predictors.  
1 = mainly sitting; 2 = mainly walking and standing; 3 = a variety of tasks including some bending and twisting, but seldom lifting more than 35kg; 4 = a variety of tasks with bending, twisting and lifting more than 35kg daily; and 5 = very heavy jobs including maximal lifts in bent and twisted positions.

277. The athletes with the highest daily 'twisted or bent' scores were running and weight lifting, but all four sports involved some daily twisting or bending.
 

278. All the athlete groups had reduced odds of back pain in relation to the control subjects. Differences between the athlete groups and controls in back-related hospitalisation rates and pensions, adjusted for age and occupational loading, were not statistically significant.
  

279. Heavy occupational load was a covariate found to be associated with back pain (OR 3.1, p<0.001) as was forced work pace (OR 1.8, p<0.05). Heavy occupational load also significantly increased the risk of back-related pension (OR 4.6, p<0.01). A range of other covariates was explored cross-sectionally, and significant associations with back pain were found.  

280. Three types of former athletes were compared with 'shooters' as referents, as the authors theorised that shooters 'enjoy elite athlete status and lifestyles, but do not experience extreme physical loading'.
 On this comparison, weightlifters and soccer players had more degenerative findings than did shooters and runners. Weightlifters showed the greatest degree of disc degeneration, as expected from previous research. The authors considered to this to be consistent with their expectations.
The higher incidence of findings throughout the lumbar spine would be expected, because weight lifting increases axial loading across the entire thoracolumbar spine to maximally tolerated levels, and includes increased loading mainly in flexion and extension. 

281. In all athletic groups, but particularly in the weightlifters and soccer players, there was a high incidence of dural sac compression, which the authors suggested may be due to high levels of axial, torsional and flexion movements. On the other hand, end plate irregularities were similar, which the authors considered pointed to irregularities developing before late adolescence or that physical loading is not the primary causal factor.

Council's comments

282. The Council considered this to be an important study because of its epidemiological methods and larger sample size, and because athletes represent a group which may be exposed to torsion and flexion, particularly the weightlifters, who showed the highest degree of disc degeneration when compared with the other athletes.

283. However, the study did not disentangle twisting and bending from the confounding factor of heavy loading, as weightlifters had high overall loading in conjunction with bending.
 

284.  The Council noted that the Commissions submitted that:

After controlling for age and occupational loading, elite level weight lifting (over more than 20 years) could explain only about 10% of the disc degeneration that was seen in that group.

285. The study also examined pain, and while it did not find increased pain in the athletes compared to the population controls, it did find an association with occupational load in relation to pain. 
286. The Council considered that the study is generally supportive of an association between persistent (prolonged, forward) flexion or repetitive extension or twisting, in conjunction with heavy lifting, and lumbar disc degeneration; but 

· leaves open the relevant association with persistent (prolonged, forward) flexion; and  

· leaves open the relevant association with repetitive extension or twisting.

Battié, M.C. Videman, T. Kaprio, J. Gibbons, L.E. Gill, K. Manninen, H. Saarela, J. & Peltonen, L. 2009, ‘The Twin Spine Study: contributions to a changing view of disc degeneration’, The Spine Journal, vol. 9, pp. 47-59 (RMA ID 52587)
287. The authors reviewed the methods and findings of the Twin Spine Study, a multidisciplinary and multinational research project which investigated, most relevantly, determinants of disc degeneration including occupational exposures, driving and whole-body vibration exposure, smoking exposure, anthropomorphic factors, heritability, and the identification of genotypes associated with disc degeneration. The study, which began in 1991, included 147 monozygotic and 153 dizygotic male twin pairs, yielding a sample of 600 participants, selected from the large, representative, Finnish Twin Cohort. Participants were selected for the study based on discordance between twin siblings for a specific common behavioural or environmental factor (eg, sedentary or heavy occupational physical demands, routine exercise participation, or occupational driving.

288. Various physical loadings through leisure and occupations, driving and associated whole-body vibration and smoking were the primary risk factors hypothesised.
 Researchers gathered information on an extensive range of potential risk determinants and co-variables, including clinical and anthropometric measures, and environmental or exposure factors such as diet, exercise, smoking, driving and various occupations. These factors were sub-categorised, for example by types of activity and frequency of lifting. Exposure data were gathered again at one year (interview) and five-year follow-up (interview plus examination). The investigators made considerable attempts to standardise exposure data using statistical methods to test reliability.
 

289. Case assessment was determined by quantitative measures wherever possible
. MRI findings were used to carefully measure specific aspects of degeneration. A decision was made early in the study to examine distinct findings associated with disc degeneration separately, as opposed to using summary scores that aggregate different findings. Additionally, qualitative and quantitative image assessments were made by an expert who was blinded to the subjects' exposures and twin status
.

290. Results of the study contradicted expectations. Any effects of the primary suspected risk factors (occupational exposures, driving and whole-body vibration exposure and smoking exposure), were 'modest or negligible'.
 Despite wide discordance between twins in the study (e.g. variations in the occupational exposures between the sibling twins), few differences were found in the outcomes. Occupational and leisure activities combined may have explained up to 7% of the variance in disc degeneration.

291. The authors commented that:

During the course of the exposure-discordant twin studies, the striking observation of anyone who had the opportunity to view twin sibling images side-by-side was the strong resemblance in disc degeneration, not just in the degree of degeneration, but also in the types of findings and spinal levels involved.

292. However, multivariate modelling indicated some modest association between 'less routine' physical loading of the spine and increased disc 'desiccation'. Higher body mass, greater lifting strength and heavier work were associated with more disc height narrowing, but less disc desiccation, which suggested some beneficial effects on the disc of greater routine loading.

293. Overall, the Twin Spine Study indicated that the most significant determinant was genetics and familial influences. Focussed studies estimated 61% of the variance in disc degeneration at the T12-L4 region can be explained by familial factors, i.e. genetic and/or early environmental influences.
 Heritability of disc signal intensity (desiccation) was only 50%. Back pain was less clearly influenced by familial features (estimated as 25%), but did not appear to be influenced by the same environmental factors as disc height narrowing, leaving much unexplained.

294. Neither twisting nor bending were specifically analysed, however the authors noted that a study of twins in occupational driving found that 

…although physical loading, that is handling heavy loads, bending, twisting and static work in awkward postures, appears to influence disc degeneration, the effect size is very modest.

Council's comments
295. The Council considered this an important article in the field, because it summarises recent findings based on the key twin study. Also, it was useful for providing summary information on the influence of genetics. However, it lacks specific analysis of the contended factor in relation to lumbar spondylosis.

296. The Council noted that high heritability of lumbar disc degeneration does not exclude an important role for occupational factors in the causation of lumbar spondylosis. 

297. The Council considered that the study:

· leaves open the relevant association with persistent (prolonged, forward) flexion;

· but does not touch on the relevant association with repetitive extension or twisting

Videman, T. Nurminen, M. & Troup, J.D.G. 1990, ‘Lumbar spinal pathology in cadaveric material in relation to history of back pain, occupation, and physical loading’, Spine. Vol. 15, no. 8, pp. 728-740. (RMA ID 13778)
298. This was a cadaver study to investigate the effects of frequent dynamic loading and in contrast, prolonged static load, on the lumbar spine.   

299. The hypothesis tested was that minimal pathological change would be found in those cadavers whose previous exposure to physical loading fell between the extremes of overexertion and inactivity. 

At one extreme, the probability of injury is related to … the rate of accelerative increase, while at the other, resistance to injury is inversely related to the duration of the applied load.

300. The study included 86 cadavers. Each deceased person was male, below 64 years, employed before death, with only a short history of illness, and with information provided by the family about the subjects' work history and history of back pain, injury, or disability.
 Two occupational health physicians independently classified occupational history using the information from family and death certificates.
301. Severity of vertebral osteophytes was classified by radiological assessment. Facet osteoarthrosis was classified pathologically. The subjects graded with highest overall level of disease were considered to be cases, and compared to the non-cases.
  Age, physical exercise, disabling accidents, and chemical exposures were examined in statistical models.
  
302. A test of the progressive dependence between type of work and degree of pathologic changes indicated that the significant changes tended to be located in the lower level vertebrae. Results showed that both sedentary and heavy work seemed to be more clearly associated with severe symmetric disc degeneration than mixed and driving work. Heavy occupation and driving were the two factors found to have greatest incidence proportions for back pain and sciatica and for disability from back pain or injury.  
303. Heavy work related markedly to mixed and vertebral osteophytosis (OR 12.1, 95% CI 1.4-107).
 Heavy physical work for more than three years before the age of 20 years appeared to lead to more facet osteoarthrosis; however, a J-shaped curve relationship was demonstrated, as predicted by the authors.

304. Driving was related to the lowest frequency of degenerative features, ie, symmetric disc degeneration, vertebral osteophytosis, and facet osteoarthrosis, However annular ruptures in the low intervertebral levels were over-represented in driving occupations.
305. Torsion or twisting were not analysed specifically in this paper. However the authors suggested that the elevated frequency of annular ruptures may be due to physical loading stresses involved in driving occupations, in particular torsional and lift injuries or postural stress. Rupture of the anulus was the spinal pathology most clearly associated with back pain and sciatica. 
306. Whilst the study provided detailed statistical analyses, the authors considered that the reliance on relatives’ memory for exposure information was a limitation of this study.

Council's comments
307. The Council considered this to be a useful study because it allowed for accurate examination of the deceased subjects' spines. However, the exposure information (occupational history) was reviewed from other primary materials (ie families and death certificates).  The Council considered that the conclusions of the reviewers, relying on these secondary sources for exposures, were therefore not as reliable as primary sources. 
308. The Council also noted that there was insufficient information on twisting, flexion and bending to draw conclusions about the contended associations with lumbar spondylosis.
309. Whilst the Council noted that the review touched on twisting injuries in conjunction with physical loading stress, it considered that the study:

· leaves open the relevant association with persistent (prolonged, forward) flexion; and 

· leaves open the relevant association with repetitive extension or twisting

Woolfson, T. & Hughes, S.P.F. 2007, ‘Synopsis of Causation’ Ministry of Defence, Service Personnel and Veterans Agency (RMA ID 47901)
310. Although not an original study, this overview focussed on the potential causes of spondylosis. It also provided a useful glossary. 

311. The overview emphasised that normal usage of the term spondylosis, which strictly speaking means 'fusion of the vertebrae' may refer both to inevitable age-based degenerative changes to the spine, and to changes which may come after small tears to the area; lumbar spondylosis usually describes the presence of osteophytes arising from the lumbar vertebrae.
 

312. They note that some authors distinguish between three types of lumbar disc degeneration:

1. Osteophytes, new bone formations, in the margins of the vertebrae, which arise in response to stresses on the ligaments, and occur in 'more than 80% of people over the age of 50 in the Western world' but are usually not painful in themselves, unless the nerve roots are compressed. 
2. Lumbar degenerative disc disease, which occurs as a normal part of the aging process, with varying contributions from other factors.
 The pain is usually dull but may range to severe and is felt in the low lumbar or buttock areas. Movements that put a load on the disc can precipitate this pain. 
3. Lumbar facet arthropathy (a component of Lumbar Spondylosis), which is due to excessive stress on the facet joints between the vertebrae, particularly from rotational and extensional spinal movements.
313. Based on their experience and their review of the literature, the authors considered lumbar degeneration to have a multifactorial aetiology, involving genetics, family history and childhood environment.

314. Their review found that physical loading of the spine, compression torsion and shearing; appear to have an unclear relationship, which varies greatly between individuals. They found however that the relationship between load and disc degeneration were not well established in epidemiological studies and reviews suggested that:

…other issues, such as psychosocial factors are important in defining the level of resultant illness and disability.

315. The authors also noted that military pilots have an incidence of back pain of 13%, and that it is thought that the forward leaning posture combined with whole body vibration may be responsible for this but there is no good evidence that the pain is directly related to spondylosis.

Council's comments

316. The Council considered this to be a useful contribution regarding definitions and classification of lumbar spondylosis. It was a review paper [by a defence and veterans' agency] which mentions bending and twisting as factors. 
317. The Council considered that the study:

· leaves open the relevant association with persistent (prolonged, forward) flexion; and 

· leaves open the relevant association with repetitive extension or twisting.

Brinckmann, P. Frobin, W. Biggemann, M. Tillotson, M. & Burton, K. 1998, ‘Quantification of overload injuries to thoracolumbar vertebrae and discs in persons exposed to heavy physical exertions or vibration at the workplace. Part 11 Occurrence and magnitude of overload injury in exposed cohorts’, Clinical Biomechanics, vol. 13, suppl. 2, pp.1-36. (RMA ID 23494)

318. This was a cross-sectional study using radiographic imaging collected from a number of archival sources to precisely quantify the lumbar disc condition of 355 subjects exposed to occupational overloads and compare them to a normative database from two populations of healthy British (n=249) and German (n=627) adults, aged 17-57.

319. The exposed cohort consisted of eight individual sub-groups of open cut and underground coal workers; underground potassium salt mine workers; steelworks press operators and offshore riggers, machine operators, and a police force. The groups were exposed to heavy lifting and carrying or whole body vibration. Groups exposed to forward bending were almost all exposed to heavy lifting as well.

320. One sub-group consisted of press operators exposed to a specialised task in a forward bent posture. They were exposed to a mean of 14.4 yrs work that involved lifting and inserting red-hot iron blocks weighing 4-60kg, with a forward posture between 10 and 45 degrees.

321. Workers in at least two of the coal mines had also been exposed to forward bending postures, through either shovelling or working with very low headroom.

322. Another sub-group of 19 Ulster police officers wore heavy body armour (~8kg) plus shoulder loading of rifles, for up to 12 hour shifts, which made movement awkward. They also spent up to 10 hours driving and did intermittent fitness training with this loading, thus were dually exposed to loading and to whole body vibration, for an average of 12 years duration.

323. Quantification of radiological features included methods to correct for variations between images, and correction for posture variations such as angle of lordosis.

324. The authors found that lifting and handling very heavy objects lead to a significant decrease in lumbar disc height.

325. In the cohort of press operators, the height of T12 and L1 vertebrae were found to be significantly increased. The authors inferred that this is caused by the forward bent posture adopted when lifting the heavy instruments.  

326. One subgroup of 43 coalmine machine operators had pre-employment data allowing for longitudinal comparison. A significant increase in height of L4, L5 vertebrae and L1/2, L2/3 was demonstrated between the two time periods.

327. A trend towards deviation from the normal in the police officers showed a trend significant only for vertebral height at L2.

328. One group of offshore riggers, mean age 45.7, had apparently unexpected results. Their work was arduous but in broken shifts, and involved pushing, shoving and lifting very heavy and objects, and in awkward postures. However their radiographs showed the reverse of what was expected, ie, they had less degeneration, which the authors attributed possibly to the 'healthy worker effect'.

329. Certain limitations were acknowledged in using the normative database, but the authors conducted a number of statistical exercises to correct for some of these, including without their conclusions being affected.

330. The study design did not allow for adjustment for other potential confounding factors, though racial differences were accounted for by limiting to Caucasian workers in one analysis.

Council's comments

331. The Council considered the paper touched on the contended factors. Council noted that this is one of a number of studies that looked at these issues and thus forms part of the body of evidence. It illustrates that this is a difficult topic to research. 

332. Council noted  that while the study points to an association with heavy lifting it:

· leaves open the relevant association with persistent (prolonged, forward) flexion; and 

· leaves open the relevant association with repetitive extension or twisting.

Luoma, K. Riihimaki, H. Raininko, R. Luukkonen, R. Lamminen, A. & Viikari-Juntura, E. 1998, ‘Lumbar disc degeneration in relation to occupation’ Scand J Work Environ Health, vol. 24, no. 5, pp.358-66. (RMA ID 23201)

333. This was a small cross-sectional MRI study of 164 subjects aged 40-45 years from three occupational groups each of which imposed distinctly different loadings on the back, who comprised a subgroup from a larger study.

The object of this study was to determine the risk factors of lumbar degeneration demonstrable with MRI, with special emphasis on occupational load and back accidents.

334. A self-administered questionnaire was supplemented by a nurse-conducted structured interview.

335. Fifty-three of the men were exposed to whole body vibration as machine drivers or drivers of other heavy construction trucks (machine drivers) 51 did 'dynamic physical work' as construction carpenters (carpenters) and 60 were 'sedentary' municipal office workers (Office Workers). The authors estimated occupational load based on job title rather than direct assessment. 

336. An experienced radiologist graded the x-rays and reliability of the grading was checked against those of two other radiologists.
 

337. Occupation, history of back pain, and other possible risk factors were statistically analysed in relation to the signs of disc degeneration. Dependent variables were dark nucleus pulposus, posterior bulge and anterior bulge of lumbar discs. The investigators chose a lumbar disc bulge of ≥ 3.2 mm as a sign of disc degeneration.
 Potential confounding factors explored were height, history of overweight, smoking, physical exercise and car driving.

338. A history of three or more back accidents was found to be associated with a distinctly increased risk of dark nucleus pulposus
 in discs L3/L4 and at L4/L5 discs. 

339. Carpenters had the highest prevalence of posterior disc bulge at each disc level, but in the overall analysis of the lumbar spine, no significant relation between occupation and posterior disc bulges was found. A history of back accidents was related to an increased risk of posterior disc bulges, but significant only at L3/L4.

340. The prevalence of posterior bulge amongst the carpenters was seen to be related to dynamic physical work in which compressive and shear forces act on the lumbar spine. Additionally, a history of back accidents explained a good part of the association between occupation and posterior bulge in the multivariate model.

341. The machine drivers had the highest frequency of anterior disc bulge. At L5/S1 a strong association remained after adjustment for confounders (OR 4.2, 95% CI 1.2-14.1). At L4/L5, the adjusted odds ratio for anterior bulge was 3.3, being of borderline statistical significance (95% CI 1.0 -10.1). The authors noted that these findings may have been related to the constrained, forward flexed and twisted postures which were common in the machine driving work but accepted that the mechanism by which anterior bulges develop is not clear.

342. In respect of the apparent associations between both machine driving and car driving with lumbar disc degeneration, the authors suggested that whole body vibration causing shocks to the disc and compressive forces to the adjacent vertebrae, may partly explain this. They also suggested that constrained forward flexed and twisted postures of the trunk may be involved, but were unable to identify any clear mechanism.

343. Based on these results the authors concluded that occupational loading was related to the presence of disc degeneration.
  However, they also stated that if they had combined the different features of disc degeneration into a general score, no occupational differences would have been found.
  

344. The authors noted the limitation that poor imaging quality affected the measurement of small disc bulges.

345. All exposures histories were based on self-report which the authors acknowledged is not very reliable. However, three separate questionnaires were conducted over four to seven years, 'reducing recall error'.
Council's comments
346. The Council noted that the sub-analyses in this study, with no clear pattern of findings amongst the various features of disc degeneration, allow for the possibility that some of the associations are functions of chance. The apparent associations between lumbar disc degeneration and driving had no clear mechanisms but may have been related to repetitive small trauma in the case of the drivers; and may have been confounded by the frequency of accidents in the case of the carpenters.

347. The Council considered that the study: 

· leaves open the relevant association with persistent (prolonged, forward) flexion; and  

· leaves open the relevant association with repetitive extension or twisting.

Summary of the Council's consideration of the sound medical scientific evidence on Lumbar Spondylosis and flexion, extension and twisting.

348. The Council was careful to differentiate, in its consideration of the sound medical scientific evidence, whether the outcome of interest was diagnostically confirmed lumbar spondylosis or low back pain alone. If low back pain was the only endpoint discussed in a study, then it was important that the pain was shown to be chronic, in order to draw an inference in respect of lumbar spondylosis which, for the purposes of the statements of principles, requires both radiological signs and clinical symptoms.

349. The Council noted that findings in the literature of a relationship between disc degeneration and lower back pain has been inconsistent. Seidler et al (2001) found low back pain to be strongly associated with radiographic signs of osteochondrosis or spondylosis. Lundin et al (2001) found disc height reduction was significantly associated with low back pain; however, Osti and Cullum (1994)
 in their review noted that earlier reports of association between low back pain to disc degeneration had been disputed in more recent literature, and Battie et al (2009) noted that determinants of lower back pain did not closely overlap with those for disc degeneration.

350. The Council found that very few epidemiological studies directly addressed the contribution of repetitive or persistent flexion, extension or twisting of the lumbar spine to lumbar spondylosis. A number of older studies looked at spondylosis or lumbar disc degeneration in relation to postural loads, but did not analyse the specific exposure to twisting, turning or awkward postures per se in any detail. 

351. One case-control study by Seidler et al (2001) addressed extreme forward bending (persistent (prolonged, forward) flexion) in relation to spondylosis. It found a dose-dependent association between extreme forward bending and lumbar spondylosis, which was significant for exposures of at least 1500 cumulative hours (OR 3.5).

352. The earlier landmark series studies by the Lawrence research group (1952, 1955, and 1958), found a greater frequency of lumbar spondylosis in miners who worked in conditions requiring stooping, than those who did not need to stoop constantly. Whilst it was not possible for the Council to disentangle the effect of postural load from the stooping, this series of studies indicated that prolonged bending further increased the already existing increased incidence of these conditions in miners.

353. Those studies found positive associations between heavy work loads or postural loads and lumbar spondylosis or other endpoints relating to lumbar disc degeneration or spinal osteoarthritis.

354. Conversely, Battie et al 2009, the (Finnish) Twin Study; Hadjipavlou et al (2008)
 in a review of pathophysiological mechanisms focussed on the contribution of genetic and early environmental factors. 

355. Battie et al (2009) noted that aggregated analysis of the exposure-discordant twin studies found that occupational and leisure-time activities explained no more than 7% of the variance in disc degeneration. They concluded from The Twin Study and from their summary of findings from recent genetic studies, that the occupational contribution was minimal and less important than the genetic and familial factors. Results indicated that the most significant determinants were genetic and familial influences. They reported that a number of gene variants have been directly associated with various aspects of disc degeneration
 They noted in their conclusion:

Disc degeneration is now considered a condition that is genetically determined in large part, with environmental factors, although elusive, also playing an important role.

356. The Council noted that Battie et al 2009, reported that recent studies in identical twins suggest that genetic and early environmental factors may be more important and up to 7% of lumbar disease remained attributable to occupational and environmental factors.

357. The Council considered that while the studies of identical twins has opened up new areas of research, those findings do not invalidate or positively outweigh the earlier findings of Seidler et al, and Lawrence et al. 
358. Woofson et al (2007) found that the reviewed evidence suggested a mechanical etiology, but the relationships of torsion, compression and shearing with disc degeneration were unclear. 

359. Some studies analysed occupation as a surrogate for physical workload. The most notable of these were the series of studies by Lawrence and colleagues (discussed above in these Reasons). Other studies which examined occupation and lumbar degeneration or spondylosis included those by Brinckmann et al (1998) whose results were inconsistent between population samples, regarding awkward postures, and were confounded by heavy lifting and a possible healthy worker effect
; and Luoma et al (1998), who found an association between occupation and disc degeneration in carpenters and drivers appeared to be related to repeated injury and trauma (respectively). 

360. The Council noted that whilst occupation is sometimes assumed as a surrogate outcome for various activities, it is not a precise measure of types of activities and therefore other factors such as heavy lifting may confound the results and the apparent effect of bending or twisting. 

361. The Council also noted that several studies have examined athletes in relation to the repetitive or persistent flexion, extension or twisting and lumbar spondylosis. Hardcastle et al (1992) found frequent radiological signs of degeneration in a very small study of young Australian cricketers; Sward et al (1991) found a small group of elite male gymnasts had double the frequency of disc abnormalities of a smaller number of referents.

THE COUNCIL’S CONCLUSIONS ON THE SOUND MEDICAL-SCIENTIFIC EVIDENCE

362. In considering, firstly whether there is sound medical-scientific evidence in the pool that indicates ('points to' as opposed to merely 'leaves open') that exposure to repetitive or persistent flexion, extension or twisting of the lumbar spine could provide a link or element in a reasonable hypothesis connecting lumbar spondylosis to relevant service the Council carefully considered each article and the pool of information.   

363. The Council had to find that the hypothesis contended for was reasonable and not one which was ‘obviously fanciful, impossible, incredible or not tenable or too remote or too tenuous.’ 

364. The Council noted that there was a paucity of sound medical scientific evidence which was directly pertinent to persistent (prolonged, forward) flexion and repetitive extension or twisting, but considered that the evidence that was available, particularly Seidler et al (2001) and Lawrence et al (1955) was persuasive. 

365. The Council considered that there was more relevant sound medical scientific evidence dealing with persistent (prolonged, forward) flexion than there was in respect of repetitive extension or twisting. The Council noted that repetitive movements, which cause acute injury, may fall within the factor for trauma which presently exists in both Statements of Principles.

THE COUNCIL’S CONCLUSIONS ON WHETHER THERE SHOULD BE A FACTOR(S) FOR PERSISTENT (PROLONGED, FORWARD) FLEXION AND REPETITIVE EXTENSION OR TWISTING.

366. Overall, on the basis of a well-designed case-control study (Seidler et al 2001) and a series of epidemiological mining studies (Lawrence and Kellgren et al, 1952, 1953 and 1955) and some less pertinent sporting studies (Videman et al 1995, Hardcastle et al 1992, Lundin et al 2001 Sward et al 1991) supporting biological plausibility, the Council considered that there is sound medical scientific evidence that points to a reasonable hypothesis that connecting prolonged bending/ forward flexion for a cumulated period of at least 1500 hours and lumbar spondylosis.

367. Carefully weighing all of the evidence in the Pool of Information, the Council was satisfied on balance of probabilities that prolonged bending or forward flexion for a cumulated period of at least 1500 hours can cause lumbar spondylosis.

368. The Council considered that there was insufficient sound medical scientific evidence of a relevant association between repetitive twisting or turning and lumbar spondylosis.

NEW INFORMATION SUBMITTED BY THE APPLICANT

369. The Council considered the 'new information' in Appendix C (ie information that was not available to (not before) the RMA at the relevant times) to which it was referred by the first Applicant with respect to the contended factors.

370. The new information was not taken into account for the purposes of the review, but rather was considered to determine whether, in the Council's view, it warranted the Council making any recommendations to the RMA.

371. In the Council's view, any such recommendation should only be made if it were to form the view that the new information:

· comprised sound medical-scientific evidence as defined in section 5AB(2) of the VEA, being information which epidemiologists would consider appropriate to take into account; which

· in the Council's view 'touches on' (is relevant to) the contended factors; and

· has been evaluated by the Council according to epidemiological criteria, including the Bradford Hill criteria.

372. The Council noted that the website article referred by the Applicant did not refer to spondylosis
, and did not make specific reference to the contended factor in relation to lumbar spondylosis.

373. The Council further considered that the website article was not sound medical-scientific evidence in that it was not subject to peer review or, so far as concerning causes of lumbar spondylosis, did not meet the Applicable criteria for assessing causation currently applied in the field of epidemiology.

374. The Council was not sufficiently persuaded of the matters in [381] to make any recommendation to the RMA concerning the undertaking of a fresh investigation specifically on this basis.

DECISION

375. The Council made the declarations summarised in paragraphs 1 and 2 above.

EVIDENCE BEFORE THE COUNCIL

376. Second preliminary list of the proposed pool of information, as advised to the Applicant and the Commissions by letters dated 16 January 2013 (see [92] and the final pool of information see is at Appendix A. This list also identifies the information upon which the Applicant and the Commissions relied (being information which the RMA advised was available to (before) the RMA at the relevant times and which the RMA sent to the Council in accordance with section 196K of the VEA).

377. The information considered by the Council (being the information that the RMA advised was available to (before) the RMA at the relevant times and which the RMA sent to the Council in accordance with section 196K of the VEA) is listed in Appendix B.

378. The information to which the Applicant referred (being information which the RMA advised was new information, that is, information which was not available to (not before) the RMA at the relevant times, and so was not considered by the Council in reaching its review decision) is listed in Appendix C.
Glossary of Terms:

The following glossary
 has been provided to aid in the following analysis of the literature:

1. ankylosis: immobility and consolidation of a joint due to disease, injury or surgical procedure

2. annulus fibrosis:  the fibrous circumferential ring-like portion of an intervertebral disc   (annular – adj)

3. hyperostosis: hypertrophy of the bone

4. hypertrophy: enlargement or overgrowth of an organ or part due to increase in constituent cells

5. kyphosis: abnormally increased convexity in the curvature of the (thoracic) spine in the sagittal plane

6. osteoarthritis (also know as osteoarthrosis): a degenerative joint disease marked by degeneration of the articular cartilage, hypertrophy of bone at the margins and changes in the synovial membrane, that may be accompanied by pain, swelling and stiffness

7. osteochondrosis: disease of the growth ossification centres. NB: Seidler et al, a German paper, discussed in these Reasons, used this term with spondylosis, and defined in terms of osteophytes and narrowing of the discs. 

8. osteophytes: bony excrescence or outgrowth of bone or cartilage

9. rheumatic: relating to rheumatism

10. rheumatism: any of a variety of disorders marked by inflammation, degeneration or metabolic derangement of the connective tissue structures, especially the joints and related structures, and attended by pain, stiffness or limitation of motion

11. rheumatoid arthritis: a multisystem disease persisting for a continuous period of at least six weeks, characterised by inflammatory synovitis, usually involving peripheral joints in a symmetrical distribution, sometimes including cartilage damage and bone erosions and changes in joint integrity, in addition to systemic manifestations.
. 

12. spondylitis: inflammation of a vertebra

13. spondylolisthesis: displacement of one vertebra over another; 

14. spondylolysis: a defect or fracture, unilateral or bilateral, involving the pars interarticularis of a vertebra.
   
General Glossary

15. case-control study:  A study design which compares a group people with a certain disease/condition (cases) to a group of people without that condition (controls) and estimates the relative proportion of each group were exposed to certain factors.  

16. cohort study:  A study design that compares a group of people exposed to certain factor(s) with a similar group of people not exposed to the same factor(s), to estimate the relative proportion of each group which develops the disease or condition. 

17. CI -   confidence interval : The computed interval with a given probability. e.g. 95%, that the true value of a variable such as a mean, proportion, rate, odds ratio or relative risk, is contained within the interval.   

· (If the confidence interval for a ratio (e.g. odds ratio or relative risk) includes the value of 1, then the estimated effect is not considered to be statistically significant.)  

18. cross-sectional study:  A study design whereby all participants are assessed at the same time for both exposures and disease/outcome. It can be descriptive, for measuring prevalence, or analytic, whereby the proportions of each exposure group that has the outcome are compared.

19. Incidence:  the proportion of the given population at risk of a disease/outcome, who actually developed the disease within a given time period, e.g. one-year incidence is the number of new cases of the disease, that develop during one year, divided by the number of persons in the population who did not have the disease at the beginning of the year.

20. kilogram hours (kg/h): a variable for measuring the physical workload, calculated by  multiplying the estimated weight lifted (in kilograms) by the cumulative number of hours worked lifting the weight, eg at the theoretical extremes of the range,  150,000kg hrs would equal 1 kilogram lifted for a cumulated 150,000 hours or 150,000kg for 1 hour.

21. OR - Odds ratio:  the ratio of two odds.

For example:

· for exposure – the odds ratio for a set of case control data – the ratio of the odds in favour of exposure among the cases to the odds in favour of exposure among controls; and 

· for risk – the ratio of the odds in favour of getting the disease, if exposed, to the odds in favour of getting the disease if not exposed.

It is often used to approximate a relative risk.

22. prevalence: the proportion of a given population with a given condition/disease at a given time.

23. RR - relative risk: the ratio of the risk of disease or death among the exposed to the risk among the unexposed – is synonymous with risk ratio. Alternatively, the ratio of the cumulative incidence rate in the exposed to the cumulative incidence rate in the unexposed – ie, the rate ratio. 

24. SMR  - Standardized mortality rate: the ratio of the number of  deaths observed in the study population to the number that would be expected if the study population had the same specific rates as the standard population, multiplied by 100. Usually expressed as a percentage. 

25. Statistically significant:  Based on a stated level of probability, the effect/variable estimate is unlikely to have occurred by chance alone [usually demonstrated by the p value of less than the stated level, eg. <.05; or by the confidence interval not including a null value].
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APPENDIX A

Second preliminary and final list of the proposed pool of information, as advised to the Applicant and Commissions by letters dated 16 January 2013 (see [92] of the Reasons), including information upon which the Applicant and the Commissions relied (being information which the RMA advised was available to (before) the RMA at the relevant times and which the RMA sent to the Council in accordance with section 196K of the VEA).

This list also identifies the information upon which the Applicant and the Commissions relied (being information which the RMA advised was available to (before) the RMA at the relevant times and which the RMA sent to the Council in accordance with section 196K of the VEA).
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Radebold, A. & Young, C.C  2010, ‘Lumbosacral Spine Sprain/Strain Injuries’, Medscape Reference © 2011 WebMD, LLC, http://emedicine.medscape.com/article/95444-differential
�	See sections 120, 120A and 120B of the VEA and sections 335, 338 and 339 of the MRCA.


� 	This has been held to mean ‘information which epidemiologists would consider appropriate to take into account’ see Repatriation Commissions v Vietnam Veterans’ Association of Australia NSW Branch Inc (2000) 48 NSWLR 548 (the New South Wales Court of Appeal decision) per Spigelman CJ at paragraph 117.


�	196B(2) provides; 


If the Authority is of the view that there is sound medical�scientific evidence that indicates that a particular kind of injury, disease or death can be related to:


(a)	operational service rendered by veterans; or


(b)	peacekeeping service rendered by members of Peacekeeping Forces; or


(c)	hazardous service rendered by members of the Forces; or


(caa)	British nuclear test defence service rendered by members of the Forces; or


(ca)	warlike or non�warlike service rendered by members;


the Authority must determine a Statement of Principles in respect of that kind of injury, disease or death setting out:


(d)	the factors that must as a minimum exist; and


(e)	which of those factors must be related to service rendered by a person;


before it can be said that a reasonable hypothesis has been raised connecting an injury, disease or death of that kind with the circumstances of that service.


�	196B(3) provides; 


If the Authority is of the view that on the sound medical�scientific evidence available it is more probable than not that a particular kind of injury, disease or death can be related to:


(a)	eligible war service (other than operational service) rendered by veterans; or


(b)	defence service (other than hazardous service and British nuclear test defence service) rendered by members of the Forces; or


(ba)	peacetime service rendered by members;


the Authority must determine a Statement of Principles in respect of that kind of injury, disease or death setting out:


(c)	the factors that must exist; and


(d)	which of those factors must be related to service rendered by a person;


before it can be said that, on the balance of probabilities, an injury, disease or death of that kind is connected with the circumstances of that service.


� 	Vietnam Veterans’ Association (NSW Branch) Inc v Specialist Medical Review Council and Anor (full Federal Court decision) (2002) 72 ALD 378 at paragraph 35 per Branson J.


� 	Gazette Notices No. GN 4, 31 January 2007; No. GN 32, 15 August 2007; No. GN 30, 5 August 2009. 


� 	Gazette Notice No. GN 35, 9 September 2009 p. 2358.


� 	Gazette Notice No. GN 43, 3 November 2010 and Gazette Notice No. SG231, 30 December 2010.


� 	See Bradford Hill, A 1965, ‘The Environment and Disease: Association or Causation?’, Proceedings of the Royal Society of Medicine Section of Occupational Medicine, Meeting January 14, pp. 295 - 300.


� 	The discussion of the first Applicant's submissions set out in these Reasons is derived from the written submissions and the complementary oral submission here identified.


�     Radebold, A. & Young, C.C  2010, ‘Lumbosacral Spine Sprain/Strain Injuries, Medscape Reference © 2011 WebMD, LLC, http://emedicine.medscape.com/article/95444-differential


� 	The information upon which the Commissions relied, being information which the RMA advised was available to (before) the RMA at the relevant times, is listed in Appendix E.


� 	Seidler A, Bolm-Audorff U, Heiskel H, Henkel N, Roth-Kuver B, et al 2001, ‘The role of cumulative physical work load in lumbar spine disease: risk factors for lumbar osteochondrosis and spondylosis associated with chronic complaints’,  Occupational & Environmental Medicine, vol. 58, no. 11, pp. 735-46. (RMA ID 24299)


� 	Brickmann P, Frobin W, Biggemann M, Tillotson M, Burton K 1998, ‘Quantification of overload injuries to thoracolumbar vertebrae and discs in persons exposed to heavy physical exertions or vibration at the workplace. Part 11 Occurrence and magnitude of overload injury in exposed cohorts.’ Clinical Biomechanics, vol. 13, Suppl 2, pp. 1-36.


� 	Lawrence, J.S. & Aitken-Swan, J. 1952, ‘Rheumatism in Miners: Part I: Rheumatic Complaints’, British Journal of Industrial Medicine, vol. 9, pp. 1-18.


� 	Kellgren, J.H. & Lawrence, J.S. 1952, ‘Rheumatism in miners’, British Journal of Industrial Medicine, vol. 9, pp. 197-207.


� 	Lawrence, J.S. 1955, ‘Rheumatism in coal miners. Part III Occupational factors’, Brit J Industr Med, vol. 12, pp. 249-261. (RMA ID 5528)


� 	Kellgren, J.H. & Lawrence, J.S. 1958, ‘Osteoarthrosis and disc degeneration in an urban population’, Ann Rheum Dis, vol.17, pp.388-397. (RMA ID 13036)


� 	Lawrence, J.S. Molyneux, M.K. & Dingwall-Fordyce, I. 1966, ‘Rheumatism in foundry workers’. Brit J Industr Med, vol. 23, pp. 42-52. (RMA ID 13248)


� 	Hult, L. 1954, ‘Cervical, dorsal and lumbar spinal syndromes: a field investigation of a non-selected material of 1200 workers in different occupations with special reference to disc degeneration and so-called muscular rheumatism’, Acta Orthopaedica Scandinavica Supplementum, vol.17, pp. 7-102. (RMA ID 12293)


� 	Caplan, P.S. Freedman, L.M. & Connelly, T.P. 1966, ‘Degenerative joint disease of the lumbar spine in coal miners - a clinical and x-ray study’, Arthritis and Rheumatism, vol. 9, no. 5, pp. 693-702. (RMA ID 12293)


� 	Sairenen, E. Brushaber, L. & Kaskinen, M. 1981, ‘Felling work, low-back pain and osteoarthritis’, Scandinavian Journal of Work, Environment and Health, vol. 7, pp.18-30. (RMA ID 1537)


� 	Kalevi, K. Kalle, A. Risto, L. & Juhani, P. 1985, ‘Skeletal changes in dentists and farmers in Finland’, Community Dent Oral Epidemiol, vol. 13, pp. 23-5. (RMA ID 12958)


� 	White, J.A. Wright, V. & Hudson, A.M. 1993, ‘Relationships between habitual physical activity and osteoarthrosis in ageing women’, Public Health, vol. 107, pp. 459-470. (RMA ID 1506)


� 	Luoma, K. Riihimaki, H. Raininko, R. Luukkonen, R. Lamminen, A. & Viikari-Juntura, E. 1998, ‘Lumbar disc degeneration in relation to occupation’, Scand J Work Environ Health, vol. 24, pp. 358-366. (RMA ID 23201)


� 	Evans, W. Jobe, W. & Seibert, C. 1989, ‘A cross-sectional prevalence study of lumbar disc degeneration in a working population’, Spine, vol.14, pp. 60-64. (RMA ID 23489)


� 	Videman, T. Sarna, S. Battie, M.C. Koskinen, S. Gill, K. Paananon, H. & Gibbons, L. 1995, ‘The long-term effects of physical loading and exercise lifestyles on back-related symptoms, disability and spinal pathology among men’, Spine, vol. 20, no. 6, pp. 699-709. (RMA ID 23490)


� 	Lundin, O. Hellstrom, M. Nilsson, I. & Sward, L. 2001, ‘Back pain and radiological changes in the thoraco-lumbar spine of athletes. A long-term follow-up’, Scand J Med Sci Sports, vol. 11, pp.103-109. (RMA ID 23336)


� 	Sward, L. Hellstrom, M. Jacobsson, B. Nyman, R. & Peterson, L. 1991, ‘Disc degeneration and associated abnormalities o the spine in elite gymnasts’, Spine, vol. 16, pp. 437-443. (RMA ID 23488)


� 	Healy, J. Healy, B. Wong, W.H. & Olson, E.M. 1996, ‘Cervical and lumbar MRI in asymptomatic older male lifelong athletes: frequency of degenerative findings’, Journal of Computer Assisted Tomography vol. 20, pp. 107-112. (RMA ID 23485)


� 	Battie, M.C. Videman, T. Gibbons, L.E. Fisher, L.D. Manninen, H. & Gill, K. 1995, ‘Determinants of lumbar disc degeneration. A study relating lifetime exposures and magnetic resonance imaging findings in identical twins’, Spine, Vol. 20, no.24, pp.2601-12. (RMA ID 23491)


� 	Biering-Sorensen, F. Hansen, F. Schroll, M. & Runeborg, O. 1985, ‘The relation of spinal x-ray to low-back pain and physical activity among 60-year old men and women’,  Spine, vol. 10, no. 5, pp. 445-51. (RMA ID 23487)


� 	O’Neill, T. McCloskey, E. Kanis, J. et al 1999, ‘The distribution, determinants, and clinical correlates of vertebral osteophytosis: a population based survey’, J Rheumatol, vol. 26, pp. 842-8. (RMA ID 23209)


� 	Videman, T. Nurminen, M. &Troup, J.D.G. 1990. ‘Lumbar spine pathology in cadaveric material in relation to history of back pain, occupation, and physical loading’, Spine, vol. 15, no. 8, pp.728-40. (RMA ID 13778)


� 	Julkunen, H. Knelt, P. & Aromaa, A. 1981, ‘Spondylosis deformans and diffuse idiopathic skeletal hyperostosis (DISH) in Finland’, Scand J Rheumatology, vol.10, pp. 193-203. (RMA ID 12917)


� 	p. 3


� 	See paragraphs [� REF _Ref348967802 \r \h ��18�] [� REF _Ref348967296 \r \h ��19�], [� REF _Ref348967810 \r \h ��29�] [� REF _Ref348967812 \r \h ��30�] above.


� 	As that term is defined in section 5AB(2) of the VEA (see [8] above)


�	See full Federal Court decision at [49] per Branson J.


� 	Relevant service here refers to operational, peacekeeping and hazardous service, British nuclear test defence service, and warlike or non-warlike service as those terms are defined in the VEA and the MRCA.


� 	See Vietnam Veterans’ Association of Australia (NSW Branch) Inc v Specialist Medical Review Council and Anor (2002) 69 ALD 553 (Moore J decision) per Moore J at [29].


� 	See the full Federal Court decision in Repatriation Commission v Bey (1997) 79 FCR 364 which cited with approval these comments from Veterans’ Review Board in Stacey (unreported 26 June 1985), all of which were in turn cited with approval in the Moore J decision at  [33].


� 	Relevant service here refers to eligible war service (other than operational service), defence service (other than hazardous service and British nuclear test defence service) and peacetime service as those terms are defined in the VEA and the MRCA.


� 	See full Federal Court decision at [49] citing with approval Spigelman CJ in the New South Wales Court of Appeal decision at [111].


� 	See full Federal Court decision at [55] per Branson J.


� 	Specialist Medical Review Council 2011, Reasons for Decisions, Re: Statements of Principles Nos. 33 & 34 of 2005 In Respect of Cervical Spondylosis, Specialist Medical Review Council, pp. 17-18


� 	See Seidler et al 2001


� 	Battie et al 2009,  p50


� 	Refer to Glossary of terms on pp.62-64 of these Reasons.


� 	Clauses 5(k) and 5(x) of Statement of Principles concerning lumbar spondylosis No. 46 of 2002 and Clauses 5(j) and 5(w) of Statement of Principles concerning lumbar spondylosis No. 47 of 2002. 


� 	p. 735


� 	Seidler et al used the terms ‘’oestochondrosis’ and ‘lumbar spondylosis’ interchangeably and defined four specific categories classified according to criteria based on the number of osteophytes and the level of narrowing of the discs and number of discs affected:


0. Normal: no narrowing of intervertebral disc, no osteophytes


1. Minimal osteochondrosis/spondylosis: minimal narrowing of intervertebral disc an/or minor osteophytes (2mm ventral or lateral)


2. Moderate osteochondrosis/spondylosis: moderate narrowing (maximum half of adjacent unaffected discs) and/or moderate osteophytes (3-5 mm ventral or lateral, 1-2mm dorsal)


3. Severe osteochondrosis/spondylosis: severe narrowing (more then half of adjacent unaffected discs) and/or severe osteophytes (>5mm ventral or lateral, >2mm dorsal).





� 	p.735


� 	p. 738 and table 1 at p. 739; (sum of forces, calculated in Newton hours, p.735)


� 	p. 740


� 	p. 741


� 	The odds ratio – See Glossary


� 	A confidence interval – See Glossary


� 	p. 743 and Table 3 at p. 742


� 	p. 742


� 	Kilogram hours is a variable for measuring the physical workload, calculated by multiplying the estimated weight lifted (in kilograms) by the cumulative number of hours worked lifting the weight, eg at the theoretical extremes of the range, 150,000kg hrs would equal 1 kilogram lifted for a cumulated 150,000 hours or 150,000kg for 1 hour.


� 	p.44


� 	p.44


� 	pp. 49-50


� 	Other studies by these authors explain that the town of Leigh had a high proportion of miners.�


� 	The term 'Osteoarthrosis' in relation to the spine was confined by these authors to disease in the apophyseal joints, whereas osteophytosis of vertebral bodies and narrowing of disk spaces were referred to as disk degeneration, per the classification of Collins (1949); as cited at p388.


� 	p.388


� 	p.391


� 	p.396


� 	p.391


� 	Lawrence, J.S. & Aitken-Swan, J. 1952, ‘Rheumatism in Miners: Part I: Rheumatic Complaints’, British Journal of Industrial Medicine, vol. 9, pp. 1-18. (RMA ID 1286)


� 	Lawrence & Aitken-Swan 1952, p. 1


� 	Lawrence & Aitken-Swan 1952, p.2 - 3


� 	Lawrence & Aitken-Swan 1952, p. 3


� 	Lawrence & Aitken-Swan 1952, p. 11


� 	Lawrence & Aitken-Swan 1952, p. 5  and Table 1, p. 7 


� 	Lawrence & Aitken-Swan 1952, p. 11


� 	Lawrence & Aitken-Swan 1952, pp.  5 -7


� 	Lawrence & Aitken-Swan 1952, p.1 and appendix 2, p.17


� 	Lawrence & Aitken-Swan 1952, p.3


� 	Kellgren, J.H. & Lawrence, J.S. 1952, ‘Rheumatism in miners Part II: X-Ray Study’, British Journal of Industrial Medicine, vol. 9, pp. 197-207. (RMA ID 13288)


� 	Kellgren & Lawrence 1952, p.197.


� 	Kellgren & Lawrence 1952, pp.199-200; also appendix p. 206


� 	Kellgren & Lawrence 1952, p.198


� 	Kellgren & Lawrence 1952, p.198


� 	Kellgren & Lawrence 1952, p.201 and Table 4, p. 202


� 	Kellgren & Lawrence 1952, p.200-201


� 	Lawrence, J.S. 1955, ‘Rheumatism in coal miners. Part III Occupational factors’, Brit J Industr Med, vol. 12, pp. 249-261. (RMA ID 5528)


� 	Lawrence 1955, p.250


� 	Lawrence 1955, p.249. Part I of the study recorded Bedford Colliery employed just over 1,000 men. Of these some 80% worked underground, 43% at the coal face and the remainder on the roadways or at miscellaneous sites. Lawrence, J.S. & Aitken-Swan, J. 1952, ‘Rheumatism in Miners: Part I: Rheumatic Complaints’, British Journal of Industrial Medicine, vol. 9, pp. 1-18. (RMA ID 1286) p.1. At the time of the survey three seams were being worked. Two of these were machine-operated and had a roof-height of 3ft. 3 in. The third was higher, 6 to 8 ft, and worked by hand. 


�  	Lawrence 1955, p 249


� 	Lawrence 1955, p.249


� 	Lawrence 1955, p. 252


� 	Lawrence 1955, p. 250


� 	Lawrence 1955, p.250


� 	Lawrence 1955, p.252


� 	Lawrence 1955, p.252


� 	Lawrence 1955, p.255


� 	Lawrence 1955, p.255


� 	Lawrence 1955, p.255, 258


� 	Lawrence 1955, p.252 & Fig.  2 at p. 253


� 	Lawrence 1955, p.255


� 	Lawrence 1955, p.254


� 	Lawrence 1955, p.255


� 	Lawrence 1955, p.251


� 	Lawrence, 1955,  RMA ID 5528


� 	Sward et al 1991, p. 439


� 	pp.103-104


� 	p.104


� 	p. 106


� 	p. 106


� 	p. 105


�  	Helstrom M, Jacobsson B, Sward L, Peterson L. Radiologic abnormalities of the thoraco-lumbar spine in athletes. Acta Radiol 1990. 31: 127-132. This article was not available to the RMA. 


� 	Sward L, Hellstrom M, Jacobsson B, Peterson L. Back pain and radiological changes in the thoraco-lumbar spine of athletes. Spine 1990: 15: 124-129. This article was not available to the RMA. 


� 	p. 107


� 	p. 106 and Table 4, p 105


� 	p. 106


� 	p.107


� 	Sward L, Hellstrom M, Jacobsson B, Peterson L. Back pain and radiological changes in the thoraco-lumbar spine of athletes. Spine 1990: 15: 124-129. This article was not available to the RMA.) A related paper also cited by the authors is discussed in these Reasons:  Sward, L. Hellstrom, M. Jacobsson, B. Nyman, R. & Peterson, L. 1991, ‘Disc degeneration and associated abnormalities o the spine in elite gymnasts’, Spine, vol. 16, pp. 437-443. (RMA ID 23488).


� 	p. 421


� 	p. 424


� 	p. 424


� 	p. 424


�    p. 424


� 	p. 424


� 	p.425


� 	p.421.


� 	Statement of Principles concerning Spondylolisthesis and Spondylolysis Nos. 5 & 6 of 2006 as amended. 


� 	pp. 459-461


� 	pp. 463 and Figure 1 at p. 464.


�    A register of men eligible for Military service, p 700


� 	p. 701


� 	p. 702


� 	p. 702, Table 3 


� 	P. 705, Tables 5 & 7  


� 	p. 706


� 	p. 707


� 	p. 708


� 	p. 707


� 	p. 49


� 	p. 51 


� 	pp. 49-50


� 	p. 50


� 	p. 50 


� 	p. 52


� 	p. 52


� 	P.53


� 	Battié et al 2009, p. 52 reporting on findings of Videman, T. Levalahti, E, Battie M.C. The effects of anthropometrics, lifting strength, and physical activities in disc degeneration Spine 2007;32:1406-13


� 	p. 53


� 	p. 56


� 	p. 52


� 	p. 728


� 	p. 728


� 	p. 730


� 	p. 731


� 	p. 732


� 	pp. 731, 732 & 736 and fig 9 on page 735


� 	p. 734


� 	pp.3 & 4


� 	p. 4


� 	p. 6


� 	p. 6


� 	pp. 6-7


� 	p. S(2)12 & S(2)13


� 	p, s(2)4 &s(2)5


� 	p. 5s2(24)


� 	p. S(2)30, s(2) 19


� 	p. 359


� 	p. 359 -360.


� 	p. 363


� 	Dark nucleus pulposus indicates desiccation of the disc


� 	p. 361


� 	p. 364


� 	p. 362


� 	p. 365


�  	Osti, O.L & Cullum, D.E 1994, ‘Occupational low back pain and intervertebral disc degeneration: epidemiology, imaging, and pathology,’ The Clinical Journal of Pain, no. 10, vol. 4, pp 331-334, p 333


� 	Hadjipavlou AG, Tzermiadianos MN, Bogduk N, Zindrick MR 2008 The pathophysiology of disc degeneration J Bone Joint Surg, 90-B: 1261-70. RMA ID 52869	


�  	Battie et al 2009, RMA ID 52587, discussed in these Reasons.


� 	Battie et al 2009,  RMA ID 52587 p. 56


� 	Brinckman et al 1998), p. s(2)14.  RMA ID 23494


� 	See the full Federal Court decision in Repatriation Commission v Bey (1997) 79 FCR 364 which cited with approval these comments from Veterans’ Review Board in Stacey (unreported 26 June 1985), all of which were in turn cited with approval in the Moore J decision at [33].


� 	Factor, 6 (g)  having a trauma to the lumbar spine before the clinical onset of lumbar spondylosis,  from Statements of Principles No. 37 of 2005 Determinations as amended, by No. 36 of 2010.


� 	Glossary definitions have been adapted from Dorland's pocket Medical dictionary. 28th edition, unless otherwise stated.


� 	Statement of Principles, No. 68 of 2008


� 	Statement of Principles, no. 5 of 2006


� 	Statement of Principles, no. 5 of 2006


� 	Key resource is Porta, M (ed), 2008, A Dictionary of Epidemiology, 5th ed, Oxford, OUP. Please refer to this dictionary for more detailed explanation of terms. 





2
2

