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Background Injuries caused by manual handling are a major burden to society. Manual handling training

programmes have been designed to reduce the likelihood of injury among the workforce; however,

concerns have been raised over the efficacy of current manual handling training methods.

Aims To undertake a systematic review of the literature examining the effectiveness of different approaches

to training in manual handling.

Methods Peer-reviewed publications along with published conference proceedings published in English,

between 1980 and 2009, on the topic of manual handling training comprised the search criteria.

A published checklist for reviewing papers was selected, which formed the basis for assessing the

quality of the papers reviewed.

Results A total of 1827 papers were located. Following elimination of duplicates, 221 papers were collected

and reviewed. Of these, 53 papers were intervention studies with the primary aim of investigating the

effectiveness of manual handling training. The review identified little evidence supporting the effec-

tiveness of both technique- and educational-based manual handling training. In addition, there was

considerable evidence supporting the idea that the principles learnt during training are not applied in

the working environment. Strength and flexibility training shows promise; however, further research is

needed to ascertain whether such an intervention is sustainable over the long term.

Conclusions The evidence collected indicates that manual handling training is largely ineffective in reducing back

pain and back injury. High priority should be given to developing and evaluating multidimensional

interventions, incorporating exercise training to promote strength and flexibility, which are tailored to

the industrial sector.

Key words Health care; injuries; interventions; low back pain; workplace.

Introduction

Musculoskeletal disorders (MSDs) have consistently

remainedthemostcommonlyreported typeofwork-related

ill-health in Great Britain according to national surveys of

work-related illness [1]. Of the estimated number of indi-

viduals suffering from a work-related MSD, just over

two-fifthssuffer fromadisordermainlyaffectingtheirback.

Back pain can arise in many work situations but is more

common in tasks that involve heavy manual labour.

Manual handling has been defined as any activity re-

quiring the use of force exerted by a person to lift, lower,

push, pull, carry, move, hold or restrain a person, animal

or object [2]. If these tasks are not carried out safely, there

is a risk of injury and research shows a significant linkage

between musculoskeletal injuries and manual handling

[3,4], with the primary area of physiological and biome-

chanical concern being the lower back, particularly the

discs of the lumbar spine [5]. Manual handling injuries

are estimated to cost the UK £2 billion a year [6].

The Manual Handling Operations Regulations [7] set

out a hierarchy of control measures to reduce risk of in-

jury, starting with the requirement to avoid hazardous

manual handling wherever practicable. Where this is

not possible, attention should be given to the provision

of lifting aids and task/workplace design. Employers are

required to provide their employees with health and safety

information and training, and where relevant this should

be supplemented with more specific training on manual

handling injury risks and prevention [8]. Training then

has a role to play in supplementing these approaches

[9]. The type of training offered and its effectiveness often

depends on a multitude of factors such as method of

teaching, organization setting and type of training tech-

nique that is used [10]. However, concerns have been

raised over the efficacy of current manual handling
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training methods [11–14]. The aim of the current study

therefore was to systematically review the literature to de-

termine the effectiveness of manual handling training in-

terventions. While previous reviews have considered

interventions to reduce back pain in health care workers

[11,13], this study examined the effectiveness of manual

handling training interventions across all occupations.

Methods

The procedures applied for this review followed the recom-

mendations of the Editorial Board of the Cochrane Collab-

oration Back Review Group [15]. A comprehensive

literature search strategy was devised, selection criteria

were applied to identify eligible trials, the methodological

qualities of the included articles were assessed and the

strength of the evidence from related studies was amal-

gamated. Unlike other reviews, we included studies con-

ducted both in the workplace and in a laboratory

environment, providing the primary goal of the research

was to determine the effectiveness of a manual handling

training intervention. We also included studies with and

without control groups; however, the absence of a con-

trol group was reflected in the methodological quality

assessment.

The following electronic databases were searched:

ANTE (CSA Illumina), ArticleFirst (OCLC), ASSIA

(CSA Illumina), Biological Sciences (CSA Illumina),

Biotechnology and Bioengineering Abstracts (CSA Illu-

mina), Computer and Information Systems (CSA Illu-

mina), Health and Safety Science Abstracts (CSA

Illumina), HSELINE, HSE website, Intute: Social Scien-

ces, IOSH website, NIOSH website, NIOSHTIC-2, Psy-

cINFO (CSA Illumina), PubMed, Science Direct,

SPORTDiscuss, TOXLINE (CSA Illumina) and Zetoc.

The databases were searched for the following key text

words inthetitleor theabstract: ‘manualhandling’withthe

Boolean ‘AND’ to the terms ‘training’, ‘manual handling

training’, ‘effectiveness’, ‘efficacy’, ‘reduction in injuries’,

‘lifting’, ‘literature review’ and ‘patient handling’. The

electronic databases were searched for articles published

between 1980 and 2009. The search strategy also involved

examining the reference lists of the relevant articles

found to check for further studies.

The literature reviewed encompassed published

articles, available in English in the databases listed above.

The review was confined to articles in peer-reviewed jour-

nals, reports from health and safety agencies and pub-

lished conference proceedings. Articles were included if

they described empirical research in the laboratory or

workplace interventions, providing that the focus of the

study was the evaluation of manual handling training.

Studies employing a broader approach to improving man-

ual handling in the laboratory and workplace were

also incorporated; in particular, studies that evaluated

the impact of exercise in improving manual handling per-

formance were also included. Two reviewers participated

in study selection. For those studies where their eligibility

for the current review was unclear from their abstract and

title, the full text article was obtained and assessed.

To evaluate the quality of the papers reviewed, the

27-item checklist developed by Downs and Black [16]

(as used by Hignett [11]) to assess the methodological

quality of both randomized and non-randomized studies

of health care interventions was applied. Three reviewers

independently scored the papers, and inter-rater reliabil-

ity was assessed using intraclass correlation. This check-

list comprised four sections, each assessing specific

aspects of the quality of the paper.

Section 1 consisted of 10 questions and evaluates the

general structure of the paper, including the clarity of

the study’s aims, description of the interventions applied,

participant characteristics, identification of confounding

factors and presentation of the main findings. Section 2

comprised three questions assessing the external validity

of the study, and these questions covered the representa-

tiveness of the sample used and the context in which the

study was conducted. Section 3 contained seven questions

assessing the internal validity (bias) of the research. Ques-

tions inthissection includedtheblindingofparticipantsand

experimenters to the interventions/study groups, compli-

ance with the intervention, choice of outcome measures

and statistical tests. Section 4 incorporated six questions

assessingthe internalvalidity(confoundingandselectionbi-

as), and questions in this section included the sampling

strategy, with respect to the diversity within the population

recruited and the allocation of participants to intervention/

control groups, the time period over which the study was

conducted and consideration of participants lost to fol-

low-up. A final question assessing whether the study had

sufficient power was also included in the checklist.

For the purpose of the current review, two additional

questions were added to Section 3 of the checklist. These

questions were the following: (i) ‘was a control group

used?’ and (ii) ‘was there a follow-up period?’ A full copy

of the modified checklist is shown in Appendix 1 (avail-

able as Supplementary data at Occupational Medicine

Online). When scoring each paper, if a question was an-

swered ‘yes’, 1 mark was entered alongside that question,

and if a question was answered as either ‘no’ or ‘unable to

determine’, a mark of 0 was given. For each paper, there-

fore, Questions 1–28 were either awarded a mark of 1 or

a mark of 0. The marks for Question 29 (which assessed

statistical power) were given on a scale ranging from 0 to

4, with 0 being ‘insufficient power to detect meaningful

differences at P , 0.05’, 1 being ‘just sufficient power

to detect differences at P, 0.05’ and 4 being a very large

sample size (n . 1000) capable of detecting meaningful

differences at P , 0.001’. The maximum marks available

were 32; following the scoring of each paper, its percent-

age mark was calculated (see Results).
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Results

A total of 1827 paperswere located. These werechecked to

eliminate duplications (arising from the different search

strategies), and papers that were inappropriate to the re-

search topic, based on their title and details contained

within their abstract,wereeliminated.Atotalof221papers

were collected and reviewed. Of these, 53 papers were in-

tervention studies with the primary aim of investigating the

effectivenessofmanualhandling training,andthesepapers

are included in this review. For the purpose of this review,

the 53 intervention papers were grouped according to the

type of intervention, or the population targeted, as follows:

intervention studies conducted on health care workers,

workplace-and laboratory-based interventionstudiescon-

ducted in all non-health care organizations and workplace-

and laboratory-based studies assessing the effectiveness of

an exercise intervention for improving manual handling

capabilities.

The quality rating (QR) of all intervention studies

reviewed ranged from 31 to 84%. For papers to be pub-

lished in peer-reviewed journals, it is expected that they

all have certain key elements included, such as a statement

of their aims/hypotheses. Therefore, the minimum QR

expected would be �20% (based on certain criteria being

fulfilled to be published in a peer-reviewed journal, which

automatically satisfies some questions on the checklist).

With this in mind, the papers included in the current re-

view with a QR between 0 and 49% are described as

‘poor’. These papers typically had a small sample size,

no control group and no follow-up. Papers with a QR be-

tween 50 and 59% are described as medium quality, those

with a QR of 60–69% are described as good quality and

those with a QR above 70% are described as of high qual-

ity. These papers typically contained large samples, ran-

domization of participants into an intervention or control

group, a sufficient intervention period and a follow-up as-

sessment. Assessment of inter-rater reliability revealed an

overall intraclass correlation between the three reviewers

of 0.97.

Table 1 (available as Supplementary data at Occupa-

tional Medicine Online) summarizes interventions con-

ducted on health care personnel, with the goal of

reducing injuries associated with manual handling.

Health care personnel, particularly nurses, are exposed

to high levels of patient handling, and according to Hells-

ing et al. [25], the biggest risk facing nurses is work-re-

lated back pain. Nurses are estimated to have the

highest rate of back pain (in comparison with other health

services personnel), with an annual prevalence of 40–50%

and a lifetime prevalence of 35–80% [32]. From the stud-

ies reviewed in Table 1 (available as Supplementary data

at Occupational Medicine Online), there is very little evi-

dence of the effectiveness of educational-based training

for safe patient handling, whether it be nursing school

based [19,21,25] or applied to qualified staff in the work-

place [20,23,28]. Strength and flexibility training as re-

ported by Gundewall et al. [24] shows promise as

a measure to reduce patient handling injuries, although

further research is needed to ascertain whether such an

intervention is sustainable over the long term and whether

it has long-term benefits in terms of injury reduction. Er-

gonomic training interventions, particularly those that in-

clude risk assessments and the redesign of equipment and

patient handling tasks, have been shown to successfully

reduce the risk of manual handling injuries [27,33].

Table 2 (available as Supplementary data atOccupational

Medicine Online) summarizes workplace- and laboratory-

based intervention studies conducted in non-health care

personnel with the goal of improving manual handl-

ing training. A characteristic of the studies reviewed in

Table 2 (available as Supplementary data at Occupational

Medicine Online) is a lack of control groups and/or no

follow-up, and according to the QR criteria applied,

the majority of studies reviewed in this section have rel-

atively low QRs. From the research reviewed in Table 2

(available as Supplementary data atOccupationalMedicine

Online), there is little evidence of the effectiveness of

manual handling training in industries outside health

care. As widely reported in the health care setting [47–

49], the research reported by Carlton [36] demonstrated

that principles taught during training are not carried over

into the work environment.

According to Garg and Moore [50], most manual

handling injuriesarecausedbyamismatchbetweenawork-

er’s strength and the job requirements. One approach to

reduceinjurieshasbeentoimprovethephysicalcapabilities

of theworker, i.e.fitting theworker to the task.Anumberof

studies have investigated theeffectivenessofphysical train-

ing in improving the capabilities for manual handling, and

these studies are reviewed in Table 3 (available as Supple-

mentary data at Occupational Medicine Online).

Fourteen studies investigating the effectiveness of

exercise training are reviewed in Table 3 (available as Sup-

plementary data at Occupational Medicine Online) with

sample sizes ranging from 7 to 60, and a QR ranging from

38 to 69%. The research has examined the effects of ex-

ercise programmes on human capacity for manual han-

dling tasks over the short term since the majority of

studies had a training intervention lasting for #6 weeks

(with the exception of one high-quality study [24]).

The research highlights beneficial effects resulting from

exercise training, in terms of improved physical capacity

for manual handling tasks, over the short term. However,

the majority of studies have used small numbers of

university students, and little research has been con-

ducted on workers involved with manual handling in

the industrial setting. None of the research incorporated

a follow-up period of a sufficient length; thus, it is unclear

whether the beneficial effects seen with exercise training

are maintained or how soon the effects wane following the

discontinuation of training. Exercise training in the health
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care setting shows promise [24,30] [Table 1 (available as

Supplementary data at Occupational Medicine Online)];

however, further research, in the form of high-quality lon-

gitudinal studies with follow-up, is required before firm

conclusions can be made.

Following a review of exercise-based training, Genaidy

et al. [64] highlighted that no longitudinal study had been

conducted to determine the best method to maintain the

improved work capacity associated with exercise-based

training and that no study has correlated improved phys-

ical fitness with injury statistics.

Discussion

This systematic review found that manual handling train-

ing is largely ineffective in reducing back pain and back

injury. Furthermore, there was considerable evidence

supporting the idea that the principles learnt during train-

ing are not applied in the working environment. A

strength of the current review is the fact that it was not

restrictive to a particular occupational group, enabling

a comprehensive review of the effectiveness of manual

handling training interventions across a range of employ-

ment sectors. The principal findings of the review are lim-

ited, however, by the high proportion of low-quality

studies included in the review.

In the health care setting, there is very little evidence of

the effectiveness of educational-based training for safe pa-

tient handling, whether it be nursing school based

[19,21,25] or applied to qualified staff in the workplace

[20,23,28]. There is also similar evidence that technique-

and educational-based training are ineffective in indus-

tries outside health care [35,36,38]. In health care, there

is evidence supporting the idea that the principles taught

during training are not applied in the working environ-

ment [47–49], and this has also been reported in other

industrial settings [36,65]. In general, evidence for the

lack of effectiveness of manual handling training in the

health care setting is provided from a number of studies

reporting high injury rates occurring in workers who have

undergone training [66–69].

The lack of effectiveness of technique- or educational-

based training is widely acknowledged [11–14]. Kroemer

[5] has suggested possible reasons: (i) people tend to re-

vert to previous habits if training is not reinforced; (ii)

emergency situations, the unusual case, a sudden quick

movement, increased body weight or reduced physical

well-being may overly strain the body and (iii) if job re-

quirements are stressful, behaviour modification will

not eliminate risk. Kroemer [5] argues that money and

effort put into training would be better spent on research

and implementation of techniques for ergonomic job

design.

StrengthandflexibilitytrainingasreportedbyGundewall

et al. [24] and Genaidy et al. [54–61,64] shows promise,

although further research is needed to ascertain whether

such an intervention is sustainable over the long term

and whether it has long-term benefits in terms of injury

reduction. High-quality longitudinal randomized control

trials with follow-up assessment are needed to further es-

tablish the benefits of exercise-based training interven-

tions. It is suggested that a more general approach to

improving whole body physical fitness and strength, as

applied by Knapik [62], would have greater benefits in

terms of reducing manual handling injuries than task-

specific training alone, as used in many studies [see Table

3 (available as Supplementary data at Occupational Medi-

cine Online)]. The major disadvantage of task-specific

training is that performance improvements are largely re-

stricted to the task for which the individuals are trained

[62], and the benefits gained are not transferable to differ-

ent tasks.

There is support in the literature for a more multidi-

mensional and ergonomic approach to reducing the risks

associated with manual handling, in terms of redesigning

the workplace, as opposed to relying on the more tradi-

tional approaches of fitting the worker to the task. Castro

et al. [70] note that health care is beginning to embrace

the concept of patient care ergonomics through the imple-

mentation of safe patient handling programmes. Essential

elements of such programmes include a ‘no manual lift’

policy. While such a policy requires substantial invest-

ment, Castro et al. [70] have reported that such pro-

grammes result in dramatic reductions in injuries.

Furthermore, high-quality longitudinal randomized con-

trol trials are required to develop multidimensional inter-

vention packages involving ergonomic training, risk

assessments, physical training and job redesign, which

can be applied to all industries.

In further research, the inclusion of a sufficient follow-

up period is essential since a general theme observed in the

current review is a lack of follow-up assessments. Accord-

ing to Westgaard and Winkel [71] when planning a work-

based interventionstudy,outcomeassessment requiresad-

equate observation time to allow for the latency for the de-

velopment of MSDs. They note that an observation time

shorter than 6 months is problematic. When assessing out-

comes, it is also important to consider psychosocial factors

as Gundewall et al. [24] note that factors such as low job

satisfaction can be a strong predictor of injury reporting.

Hayne [72] states that training should start with manage-

ment and work down since it is pointless training the work-

force if managers/supervisors do not have the same level of

knowledge. Recent research has demonstrated that MSD

interventions can be made considerably more effective by

tailoring interventions to managers’ and workers’ level of

awareness and readiness to change [73].

In conclusion, there is little evidence for the effective-

ness of educational- and technique-based manual handling

training in all industries. The conclusions however are lim-

ited by the high proportion of low-quality studies, with

small samples and lack of scientific rigour. There is
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a pressing need for high-quality randomized control trials,

involving sufficiently large samples and incorporating long-

term follow-up periods. Interventions to promote physical

strength and flexibility show potential; however, further re-

search is needed to ascertain whether such an approach is

sustainable and whether it has long-term benefits in terms

of reducing MSDs.

Funding

Health and Safety Executive. Its contents, including any opin-

ions and/or conclusions expressed, are those of the authors alone

and do not necessarily reflect Health and Safety Executive

policy.

Acknowledgements

We would like to thank Dr Fehmidah Munir and Kate Shaw for

their assistance with the quality scoring of papers.

Conflicts of interest

None declared.

References

1. Health and Safety Executive. Health and Safety Statistics

2007/2008. Sudbury, UK: HSE Books, 2008.

2. Carrivick PJ, Lee AH, Yau KK. Consultative team to assess

manual handling and reduce the risk of occupational injury.

Occup Environ Med 2001;58:339–344.

3. Hoozemans MJ, van der Beek AJ, Frings-Dresen MH et al.

Pushing and pulling in relation to musculoskeletal

disorders: a review of risk factors. Ergonomics 1998;41:

757–781.

4. Edlich RF, Hudson MA, Buschbacher RM et al. Devastat-

ing injuries in healthcare workers: description of the crisis

and legislative solution to the epidemic of back injury from

patient lifting. J Long Term Eff Med Implants 2005;15:

225–241.

5. Kroemer KHE. Personnel training for safer material han-

dling. Ergonomics 1992;35:1119–1134.

6. Tudor O. The Hidden Workplace Epidemics. London: TUC

Organisation and Services Department, 1998.

7. Statutory Instrument No. 2174. The Health and Safety (Mis-

cellaneous Amendments) Regulations 2002. London: The Sta-

tionery Office Ltd, 2002.

8. Statutory Instrument No. 3242. The Management of Health

and Safety at Work Regulations 1999. London: The Statio-

nery Office Ltd, 1999.

9. Kaye J. Manual handling: a training issue? Training J 2004;

6:26–27.

10. van der Molen HF, Sluiter JK, Hulshof CT et al. Effective-

ness of measures and implementation strategies in reducing

physical work demands due to manual handling at work.

Scand J Work Environ Health 2005;31(Suppl. 2):75–87.

11. Hignett S. Intervention strategies to reduce musculoskeletal

injuries associated with handling patients: a systematic re-

view. Occup Environ Med 2003;60:E6.

12. Graveling RA. The prevention of back pain from manual

handling. Ann Occup Hyg 1991;35:427–432.

13. Dawson AP, McLennan SN, Schiller SD et al. Interventions

to prevent back pain and back injury in nurses: a systematic

review. Occup Environ Med 2007;64:642–650.

14. Martimo KP, Verbeek J, Karppinen J et al. Manual material

handling advice and assistive devices for preventing and

treating back pain in workers. Cochrane Database Syst Rev

2007; CD005958.

15. van Tulder M, Furlan A, Bombardier C et al. Updated

methodguidelines forsystematicreviewsintheCochranecol-

laboration back review group. Spine 2003;28:1290–1299.

16. Downs SH, Black N. The feasibility of creating a checklist

for the assessment of the methodological quality both of

randomised and non-randomised studies of health care in-

terventions. J Epidemiol Community Health 1998;52:

377–384.

17. Scholey M. Back stress; the effects of training nurses to lift

patients in a clinical situation. Int J Nurs Stud 1983;20:1–13.

18. Stubbs DA, Buckle PW, Hudson MP et al. Back pain in

the nursing profession. II. The effectiveness of training.

Ergonomics 1983;26:767–779.

19. Troup JD, Rauhala HH. Ergonomics and training. Int

J Nurs Stud 1987;24:325–330.

20. Wood DJ. Design and evaluation of a back injury prevention

program within a geriatric hospital. Spine 1987;12:77–82.

21. Videman T, Rauhala H, Asp S et al. Patient-handling skill,

back injuries, and back pain. An intervention study in nurs-

ing. Spine 1989;14:148–156.

22. DonchinM,WoolfO,KaplanLetal.Secondarypreventionof

low-back pain. A clinical trial. Spine 1990;15:1317–1320.

23. Feldstein A, Valanis B, Vollmer Wet al. The Back Injury Pre-

vention Project pilot study. Assessing the effectiveness of

back attack, an injury prevention program among nurses,

aides, and orderlies. J Occup Med 1993;35:114–120.

24. Gundewall B, Liljeqvist M, Hansson T. Primary prevention

of back symptoms and absence from work. A prospective

Key points

• Musculoskeletal disorders remain the most com-

monly reported type of work-related ill-health in

the UK, and they represent a major burden to so-

ciety, organizations and the workforce.

• Evidence from intervention studies conducted over

the past three decades indicates that manual han-

dling training is largely ineffective in reducing back

pain and back injury.

• High priority should be given to developing and

evaluating multidimensional interventions, incor-

porating exercise training to promote strength

and flexibility, which are tailored to the industrial

sector.

S. A. CLEMES ET AL.: A SYSTEMATIC REVIEW OF MANUAL HANDLING TRAINING 105

 at S
aratov S

tate U
niversity on A

pril 1, 2010 
http://occm

ed.oxfordjournals.org
D

ow
nloaded from

 

http://occmed.oxfordjournals.org


randomized study among hospital employees. Spine 1993;

18:587–594.

25. Hellsing AL, Linton SJ, Andershed B et al. Ergonomic

education for nursing students. Int J Nurs Stud 1993;30:

499–510.

26. Best M. An evaluation of manutention training in prevent-

ing back strain and resultant injuries in nurses. Saf Sci

1997;25:207–222.

27. Ore T. Evaluation of safety training for manual handling

of people with disabilities in specialised group homes in

Australia. Aust N Z J Public Health 2003;27:64–69.

28. Hartvigsen J, Lauritzen S, Lings S et al. Intensive education

combined with low tech ergonomic intervention does not

prevent low back pain in nurses. Occup Environ Med

2005;62:13–17.

29. Pedersen MT, Essendrop M, Skotte JH et al. Back muscle

response to sudden trunk loading can be modified by train-

ing among healthcare workers. Spine 2007;32:1454–1460.

30. Warming S, Ebbehoj NE, Wiese N et al. Little effect of

transfer technique instruction and physical fitness training

in reducing low back pain among nurses: a cluster rando-

mised intervention study. Ergonomics 2008;51:1530–1548.

31. Resnick M, Sanchez R. Reducing patient handling injuries

through contextual training. J Emerg Nurs. 2009; Published

Online First: 24 February 2009, doi:10.1016/j.jen.2008.

10.017.

32. Edlich RF, Winters KL, Hudson MA et al. Prevention of

disabling back injuries in nurses by the use of mechanical

patient lift systems. J Long Term Eff Med Implants 2004;

14:521–533.

33. Owen BD, Keene K, Olson S. An ergonomic approach to

reducing back/shoulder stress in hospital nursing personnel:

a five year follow up. Int J Nurs Stud 2002;39:295–302.

34. Gross C. The effect of spinal EMG biofeedback on spinal

stress during static lifting. Proceedings of the International

ConferenceonOccupationalErgonomics,1984.Mississauga,

ON, Canada: Human Factors Association of Canada, 1984;

318–319.

35. Chaffin DB, Gallay L, Woolley C et al. An evaluation of the

effect of a training program on worker lifting postures. Int J

Ind Ergon 1986;1:127–136.

36. Carlton RS. The effects of body mechanics instruction on

work performance. Am J Occup Ther 1987;41:16–20.

37. Daltroy LH, Iversen MD, Larson MG et al. A controlled

trial of an educational program to prevent low back injuries.

N Engl J Med 1997;337:322–328.

38. Nygard C, Merisalo T, Arola H et al. Effects of work changes

and training in lifting technique on physical strain: a pilot

study among female workers of different ages. Int J Ind

Ergon 1998;21:91–98.

39. Rabinowitz D, Bridger R, Lambert M. Lifting technique

and abdominal belt usage: a biomechanical, physiological

and subjective investigation. Saf Sci 1998;28:155–164.

40. Jones JA, Cockcroft A, Richardson B. The ability of non-

ergonomists in the health care setting to make manual han-

dling risk assessments and implement changes. Appl Ergon

1999;30:159–166.

41. LavenderS.Atestof thelifttrainer:anaggressiveapproachfor

preventingback injuries through training. Proceedings of the

IEA 2000/HFES 2000 Congress, 2000. Santa Monica, CA:

Human Factors and Ergonomics Society, 2000: 463–465.

42. Brown S, Budworth N, Miirsm F et al. Participative quality

techniques for back pain management. J Inst Occup Saf

Health 2002;6:39–56.

43. Lavender S, Lorenz E, Andersson G. Training in lifting. Prof

Saf 2002;47:30–35.

44. Gagnon M. The efficacy of training for three manual

handling strategies based on the observation of expert

and novice workers. Clin Biomech 2003;18:601–611.

45. Agruss CD, Williams KR, Fathallah FA. The effect of feed-

back training on lumbosacral compression during simulated

occupational lifting. Ergonomics 2004;47:1103–1115.

46. Poosanthanasarn N, Sriboorapa S, Fungladda W et al.

Reduction of low back muscular discomfort through

an applied ergonomics intervention program. Southeast

Asian J Trop Med Public Health 2005;36(Suppl. 4):

262–270.

47. Swain J, Pufahl E, Williamson GR. Do they practise what

we teach? A survey of manual handling practice amongst

student nurses. J Clin Nurs 2003;12:297–306.

48. Kane M, Parahoo K. Lifting: why nurses follow bad prac-

tice. Nurs Stand 1994;8:34–38.

49. Gladman G. Back pain in student nurses—the mature fac-

tor. Occup Health 1993;45:47–51.

50. Garg A, Moore JS. Prevention strategies and the low back in

industry. Occup Med 1992;7:629–640.

51. Asfour SS, Ayoub MM, Mital A. Effects of an endurance

and strength training programme on lifting capability of

males. Ergonomics 1984;27:435–442.

52. Asfour SS, Dutta S, S T. Effects of training on static strength

and carrying capacity of college males. In: Mital A, ed.

Trends in Ergonomics/Human Factors. Amsterdam: Elsevier

Science, 1984; 161–166.

53. Sharp MA, Legg SJ. Effects of psychophysical lifting train-

ing on maximal repetitive lifting capacity. Am Ind Hyg Assoc

J 1988;49:639–644.

54. Genaidy AM, Asfour SS. Effects of frequency and load to

lift on endurance time. Ergonomics 1989;32:51–57.

55. Genaidy AM, Mital A, Bafna KM. An endurance training

programme for frequent manual carrying tasks. Ergonomics

1989;32:149–155.

56. Genaidy AM, Bafna KM, Sarmidy R et al. A muscular en-

durance training program for symmetrical and asymmetri-

cal manual lifting tasks. J Occup Med 1990;32:226–233.

57. Genaidy AM, Gupta T, Alshedi A. Improving human capa-

bilities for combined manual handling tasks through a short

and intensive physical training program. Am Ind Hyg Assoc J

1990;51:610–614.

58. Genaidy AM. A training programme to improve human

physical capability for manual handling jobs. Ergonomics

1991;34:1–11.

59. Genaidy AM. Truncal flexibility exercise effects on muscu-

loskeletal capability for manual handling operations. Appl

Ergon 1991;22:155–162.

60. Guo L, Genaidy A, Warm J et al. Effects of job-simulated

flexibility and strength-flexibility training protocols on

maintenance employees engaged in manual handling oper-

ations. Ergonomics 1992;35:1103–1117.

61. Genaidy A, Davis N, Delgado E et al. Effects of a job-

simulated exercise programme on employees per-

forming manual handling operations. Ergonomics 1994;37:

95–106.

106 OCCUPATIONAL MEDICINE

 at S
aratov S

tate U
niversity on A

pril 1, 2010 
http://occm

ed.oxfordjournals.org
D

ow
nloaded from

 

http://occmed.oxfordjournals.org


62. Knapik JJ. The influence of physical fitness training on the

manual material handling capability of women. Appl Ergon

1997;28:339–345.

63. Williams AG, Rayson MP, Jones DA. Resistance training

and the enhancement of the gains in material-handling abil-

ity and physical fitness of British Army recruits during basic

training. Ergonomics 2002;45:267–279.

64. Genaidy AM, Karwowksi W, Guo L et al. Physical training:

a tool for increasing work tolerance limits of employees en-

gaged in manual handling tasks. Ergonomics 1992;35:

1081–1102.

65. Wright EJ, Haslam RA. Manual handling risks and controls

in a soft drinks distribution centre. Appl Ergon 1999;30:

311–318.

66. Ellis B. Moving and handling patients: an evaluation of cur-

rent training for physiotherapy students. Physiotherapy

1993;79:323–326.

67. Crawford J, Weetman-Taylor C. Measuring Change in

Manual Handling Operations, Awareness and Risk Through

Training. Advances in Applied Ergonomics, 1996. Istanbul:

USA Publishing Corp., 1996.

68. Bewick N, Gardner D. Manual handling injuries in

health care workers. Int J Occup Saf Ergon 2000;6:

209–221.

69. Hollingdale R, Warin J. Back pain in nursing and associated

factors: a study. Nurs Stand 1997;11:35–38.

70. de Castro AB, Hagan P, Nelson A. Prioritizing safe

patient handling: The American Nurses Association’s

Handle With Care Campaign. J Nurs Adm 2006;36:

363–369.

71. Westgaard R, Winkel J. Ergonomic intervention research for

improved musculoskeletal health: a critical review. Int J Ind

Ergon 1997;20:463–500.

72. Hayne C. The training process in a health and safety pro-

gramme. Physiotherapy 1995;81:553–556.

73. Whysall Z, Haslam C, Haslam R. A stage of change approach

to reducing occupational ill health. Prev Med 2006;43:

422–428.

S. A. CLEMES ET AL.: A SYSTEMATIC REVIEW OF MANUAL HANDLING TRAINING 107

 at S
aratov S

tate U
niversity on A

pril 1, 2010 
http://occm

ed.oxfordjournals.org
D

ow
nloaded from

 

http://occmed.oxfordjournals.org

