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The incidence of indus trial accidents and i n  part i cular back i n j uries 
attributed to manual handling w i l l  be considered in relation to the age 
and occupations at h i gh risk in two large indu s tries . That the risk of 
indus t r i al accidents and back i n j uries in particular is greater in the 
lower age group ( 1 7 - 30 years of age) i n  the Building and Construction 
Industry , and in the middle age group ( 31 - 4 8  years of age) for the P . O .  
Telecoms Engineers w i l l  be discussed i n  rela tion t o  acute and cumulative 
trauma w i th particular refercnce to work experience and long-term 
employment fol lowing such trauma. 'l'he risk to occupations w i thin each 
industry wi Ll be rel ated to thc manuaJ efforts required by those 
occupations m1d thcse data conside rc'd i n  U.ght of age . 

The radio pi l l  methodology which enables an indirect measure of 
truncal s tress to be made during physical activities , w i l l  be considered 
briefly . The paper w i l l  describe two preventative approaches as applied 
to back i n j uries arising from manual materi a l s  hand l i ng , the first being 
ame lioration of exi s ti ng indus trial problems , the second being the 
estab l i s hment of design gui de lines for future working environments . Such 
safe i ndustrial contours have now been e s tablished for forces which can be 
applied by thc hands wi thin the human reach envelope . Examples will be 
given o f  thcs0 indus trial con t ours , togcther with age variation and these 
discussed in lighl 01: the indus tri el l  epiderniological data. The need for 
simi lar data for female industrial workers w i l l  also be discussed . 

BACKGROUND 

Back trauma i n  industry di ffers from those accidents reported here 
earli e r  i n  that they seldom involve matters of l i fe or death . They are , 
however , sti l l  o f  great importance for many people and their 
socio-economic i n fluence is vas t .  I t  has been e s timated that i n  the 
United Kingdom back pain accounts for 1 3 . 2  m i l lion lost working days a 
year ( Benn and Wood , 1975 ) and costs approximately E l . O  m i l lion a day , and 
i s  clearly a major conccrn , both for industry and those who suffer . 

Where back trauma i s  simi lar to those papers previously presented i s  
that i n  both , impacts are impli ci t .  Indeed , Arvikar and Seireg ( 1 9 7 8 )  
using a musculoskeletal model to determine the d i s tribution of spinal disc 
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pressures in the seated posture subjected to impact noted that in a 72Kg 
man the disc load at L4/L5 was greater when s toop- l i fting 4 5 . SKg 
( 4 4 1 . 2Kg) than when ei ther sub j e c ted to a lG forward or backward 
acceleration ( 2 7 8 . 8  and 354 . SKg respectively) . With back trauma , for 
e xample when li fting a load , pushing your car or digging the. garden , 
forces arc gcncrated over a relativcly short time scale to move the 
ob j ect and s imul t ..meously these forces are being applied to th12 .J,.i ft<::r ,  
and through the linkage system , inc luding the spine , to the feet and the 
groun d .  I t  has been shown directly using intra-discal pressure 
measurements , (Nachemson and Elfs trom, 1970) and i ndirectly using 
i ntra-abdominal pressure measurements ( Davi s ,  1956 ; Stubbs , 19 7 5 ;  and 
Davis , Stubbs and Ridd , 1 9 7 7 )  that during such acti vities the load on 
the spine is increased , thi s increase being dependent on the magnitude 
of the load ( Davis and Troup , 1964 ; Morris , Lucas and Bresler , 196 1 ;  and 
Stubbs , 1 9 7 5 ) , the acceleration applied to i t  ( Ei e ,  1966 ; and Davis et a l , 
1965 ) , the torque on the trunk ( Davis and Stubbs , 19 7 7 ,  1 9 7 8 ;  and 
Anderson et al , 1976 ) , and thc posture adopted ( Davis e t  a l ,  1965 ; and 
Stubbs , 1 9 7 5 ) . More recently the e f fects of age i n  industrial 
populations have been considcred in relation to s a fe working capacities 
when manuaJ materi a l s  handling ( Davis et al , 1 9 7 9 ) . 

Of particular conc0rn to the Materi a l s Handling Research Unit (MHRU) 
at the Univursity uf S u r rey l l . i s  ue<�n Lhu prcvention of back trauma i n  
industry arising from both acute and cumulative origins . The latter 
e xpre s s ion repre sents two groups of pathological conditions for primary 
consideration froin the actio] ogi cal standpoint : a )  those i n  which 
long-term e f fects of load handling are superimposed upon other factors 
and contribute to , or are associated with , the degenerative conditions 
of the musculo-skeletal sys tem , and b) those in which the forces o f  
insult are greater and produce immediate e f fects o f  acute trauma and 
indus trial i n j ury (Jackson , 1 .96 8 )  . Thus , manual handling may resul t not 
only in acute acciden ts , but a lso in an inc alculable , i n s i dious decrease 
in work output, loss of oorni.ng capacity , and diminution of s k i l led 
abi li ti es . 

Of thc indus tri a l  groups s tudi0d to date by the MHRU, two are 
included here to i l lustrate the complcte methodology . 

I Construction IEdustry 

To identify those age and occupational groups at high risk , where 
safety input with regard lo manual handling and back trauma are urgently 
needed, existing accident data have been re-examined. 

Results 

From the analysis ( 2 , 4 3 7  three-day-plus reports) it was noted that 
back trauma consti tuted 22 . 4 % of all accidents , materials handling 
giving rise to 45 . 9 %  of these inj uries . I t  was also noted , as shown i n  
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Table I ,  that the younger population ( 16-30) and those occupations defined 
as involving heavy manual work (Table 2) had signifi cantly higher rates 
(p< 0 . 00 5 )  of back · i n j uries attributed to manual handling than the older 

population ( 3 1-46+) and light occupations . 

TABLE I 

BACK INJURIES ATTRIBUTED TO HANDLING BY AGE WITHIN THE CONSTRUCTION 

INDUSTRY , 1 9 7 5 - 1 9 7 7  

Sample No . o f  Handling Frequency 
Age Group 

Size Back I n j uries No . /1000 at risk 

16 - 30
1 

16 , 046 1 16 7 . 2
x 

3 1  - 4 5
2 

2 0 , 787 99 4 . 8  

46+ 
3 

16 , 8 3 3  76 4 . 5  

l > 2 and 3 
2 

8 . 9  and 9 . 8  respectively 
X 

p <.o . oo5 X 

TABLE 2 

BACK INJURIES ATTRI BUTED TO HANDLING BY LIGHT AND HEAVY OCCUPATIONS 

WITHIN THE CONSTRUCTION INDUSTRY , 1 9 7 5 - 1 9 7 7  

Handling Group 

1 
Heavy 

. 2 
Light 

Samp l e  S i ze 

] l , 090 

22 , 5 76 

No . o f  Handling 
Back I n j uries 

240 

78 

2 
X = 3r) .  2 

Frequency 
No . / 1000 at risk 

X 
7 . 7  

3 . 5  

(both heavy Further ,  the work of brick/blocklayers and labourers 
occupation s )  require 1000 or more li fts per day of loads 
in a s tooping posi tion , and luboratory s tudies have shown 
proportion of these li fts in the observe'd postures induce 
intra-abdomi nal pressures in cxcess of lOOmmHg ( 1 3 . 3KPa) 

up to 70Kg , often 
that a high 
peak 
(S tubbs , 1 9 7 5 )  . 

For the l i ght occupn t i on s , simi lar observations show that the handling of 
thcir loads (most weighi 1 1 rJ less than 1 5Kg) rarely i.nduce peak 
i n tra-abdominal pressures in exce s s  of 60mmHg ( 8 . 0  K.P a ) . Thus there 
appears to be an i ncreased liabi l i ty of back i n j ury in those workers in the 
construction industry sustaining repeated, frequent ,  high trunk 
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s tresses inducing peak intra-abdominal pressures above lOOmrnHg ( 1 3 . 3 KPa) 
( Davis and Stubbs , 1 9 7 8 ) . 

This level of intra-abdominal pressure has subsequently been used to 
e s tablish designers ' guidelines i n  the form o f  contours , part of an 
examp l e  of which i s  given in Figure 1 ,  for young f i t  adult males ( Davis 
and Stubbs , 19 7 7 ,  1978) . Such contours can be used i n  two ways , first to 
examine safety i n  existing handling tasks , and secondly when designing a 
new work envi ronment . The effects of age i n  relation to these contours 
w i l l  be considered later ( see I I I ) . 

l''IGURE l 

CONTOURS OF SAFE VALUES (KG) FOR ONE-HANDED VERTICAL LIFTS WHEN KNEELING 
a )  HAND DI RECTLY IN FRONT OF BODY (SAGITTAL PLANE) 

1 1  

a 

„ „ „„ . . „„„„ · · ·µ.„ . „ „ . 
· · ····· ··· ··· ··· ····· ···· ···· ·�·······:1 ···· ··· · ···· ····· 

. • •.• •. ••. • •. ••. ••. „.· . :-:·:-· :-:-:-:·:-:-:-:-:-:.:-:-:-:-:-:·:-:-· 
I I  Tele communications Indus try 

0 20 

Acroaüoa 

to c m .  

Crtp 

Accident records from the tele communications industry (TI)  covering 
s ome 100 , 000 engineers over a period of 12 months have been examined . 
Back i n j uries consti tuted one-quarter of all accidents , materials 
handling giving rise to two-thirds of the inj uries ( Davis and Sheppard , 
1 9 7 9 )  and a mean accident rate of 22 . 4  per 1000 men at risk was observed. 
When age and occupa tion A rr considcred , howeve r , a cl earer picture 
emerges . I t  i s  noted , as shown in Table 3 ,  that those under 30 years and 
over 48 years have a s i gni fi ccm t l y  lower (p< 0 . 001) back rate attributed 
to handling lhan those between 31 and 47 years of age . 
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TABLE 3 

BACK INJURIES ATTRI BUTED TO HANDLING BY AGE WITHIN THE TELECOMMUNICATIONS 

Age Group 

16 - 30 
1 

31 - 4 8
2 

49+ 
3 

2 >1 and 3 

INDUSTRY , MAY 1 9 7 7  - APRIL 1978 

Sample S i ze 
No . o f  Handling 

Back I n j uries 

42 , 14 1  1 2 0  

39 , 6 7  3 201 

19 ' 1 1 7  4 2  

2 X 2 4 . 9  and 24 . 9  respectively 

Frequency 
No . / 1000 at risk 

2 . 8  

5 . 0
x 

2 . 2  

X 
p<: o . 001 

Furthe r ,  those occupations having s i gni ficantly higher rates than the 
overall accident rate (p <: 0 . 05 )  encompassed a l l  occupations involving 
manual work per formed outdoors , where werk condi tions are less control led 
(Table 4 ) . This group also had signifi cantly higher rates of back 

i n j ur i e s  attributed to handling (p <. 0 . 001 ) . From the analysis i t  was 
noted that thi s  high risk group ( top 2 3  codes) which constitute 3 3 %  o f  
the total population a t  ri sk , suffered 70% o f  a l l  three-day-plus 
accide n ts . They also had a greater proportion of accidents caused by 
handling obj e cts and they more frequently met problems i nvolving manhole 
covers , diggi ng , water pumps , gns bottle s ,  ladders and compressors etc . 

TABLE 4 

BACK INJURIES A'l'TRI BU'l'ED 'l'O HANDLING BY DUTY CODE ( OCCUPATION) W I THIN THE 

TELECOMMUNICATI ONS INDUSTRY , MAY 1 9 7 7  - APRIL 1978 

Duty Codes Sample S i ze 

Top 2 3  
1 

3 3 , 3 3 5  

Other 5 6  
2 

6 7  , 596 

1.,.. 2 

No . of Handling Frequency 
Back 

2 
X = 2 41 . 2  

I n j uries No . / 1000 at 

260 

103 

X 
p < 0 . 001 

7 . 8
x 

1. 5 

risk 

F ront contour .1pp l i c a tions and direct i n tra-abdominal pressure 
measureme n ts , it was observed that w ithout exception all the activi ties 
noted above involved truncal s tresses inducing peak intra-abdominal 
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pressures i n  excess of 90mrnHg ( 1 2 .  0 KPa) . In addi tion , i t was noted that 
the greater the number of these activities and the frequency w i th which 
they are per formed as part of that duty code , the greater is the risk of 
back trauma. 

I I I  Safe Hand li n g  Ca.12..abil.� ties i n  Rel a  tio11 to Age 

The methodology for the e s tabli shment of safe handling forces i n  
working s l tuations i s  prese11 ted c l sewhere ( Davis and S tubbs , 1 9 7 8 )  and 
the contours for f i t  young adult males previously published ( Davis and 
Stubbs , 19 7 7 ,  197 8 ) . To investi gate the e f fects of age , calibrated radio 
pressure pills ( Davi s ,  S t ubbs and Ridd , 1 9 7 7 )  were swallowed by 200 
general industrial male workers between 18 and 61 years of age and 
i n tr a-abdominal pressures monitored during a variety of standardised 
handling tasks when s t<rndi ng , si tting and knee ling . To give safe values 
to the contours ,  we have inserted for each age group those loads in 
relation to the trunk that re sult i n  a maximum intra-abdominal pressure 
of 90mmHg ( 1 2 . 0  KPa) i n  90% of the population investigated. The new age 
corrected contour data are being published shortly and fol low the trends 
outlined in Figure 2 ,  which shows the percentage change from the original 
f i t  young adult male population (Army) for each age group . It is 
parti cul cu·ly notcd tha t  thcre i s  ci s igni fi cant d e c l i n e  in safe capaci ty 
after SO years of age (p < 0 . 001 ) . 

r 
1-
z 
UJ 
ü 
a: 

FIGURE 2 
UJ 
0.. 

SAFE LOADING LEVELS FOR DIFFERENT 

AGE GROUPS : EXPRESSED AS PERCENTAGES 

OF THE ARMY CONTOUR WEIGHTS 
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DISCUSS ION 

An important observation of these analyses has been the high incidence 

of back i n j uries attributed to handling wi thin both industri es , but more 

parti cularly wi thin certain occupations and age group s .  For the 

construction industry the finding that back in j uries attributed to handling 

occur most frequently in the younger popu lation ( 16 - 30) supports directly 

and indirectly the evidence of Wilkins et al ( 1 9 5 7 ) ; Kosiak e t  a l  ( 1 968) ; 

Shepherd ( 19 70) ; and Blow and Jackson ( 1 9 7 1 ) . In particular , Shepherd 

( 1970) notes that 60% of inc idants occurred during the first year of 

employment ,  suggesting inexperience as one of the probable causes of back 

trauma . Thi s i s  supported by Blow and Jackson ( 19 7 1 )  who noted a simi lar 

high r i sk group in the younger worker and add inadequate training and 

attitudes to manual handling in the younger age groups , whose members take 

pride in the i r  muscular s trength rather than their phys ical ski l l ,  to the 

inexperience noted by Shepherd ( 1970) . 

In relation to the aetiology of back trauma , the construction industry 

results would support thc concept of acute trauma and industrial inj ury at 

an early ayc ( 1 6  - 30) ( S tubbs and Nicholson , 1 9 7 9 )  . This frequently 

results in the fall-out of younger men from the construction industry due 

to back pain and the mature construction worker may be considered a 

survivor . Similar results have been observed for other heavy indus tri a l  

worker groups (Partridge e t  al , 196 8 ) . 

With the telecommunications industry the results i n  relation to age 

groups at high r i sk would support the accumulation of minor damage over a 

number of year s , the peak at 3 1  - 4 8  arising from the superimposing , on the 

long-term e ffects of load handling of an acute incidence which of itself 

may not otherwise have caused an i n j ury . I t  is noted from the s tudy that 

only 7 %  of the back i n j uries observed occurred during the first year of 

employmen t .  Further , o f  those who suffered trauma leading to a permanent 

disab i l i  ty , however s liglü , rhe 111ajori ty were redeployed in l i ghter duties 

w i thin the industry . 

The observation from both industries of occupations with a higher r i sk 

from back trauma i s  typical of most industries s tudied by the MHRU and 

highlights the need for selective preventive measure s .  Related to the 

observation that for the telecomrnun ication industry 6 5 %  of back inj uries 

were associated wi th handling accidents , and for the construction industry 

that 4 5 . 9 %  of such i n j uries involved hand l i ng , i s  the further observation 

that both high risk groups within each industry perform frequent activities 

inducing high truncal stresses inducing peak intra-abdomi nal pressures in 

excess of 90mmHg ( 1 2 . 0KPa) . Previous s tudi e s  have highlighted the problem 

of handling heavy ob j ects as one of the associated causes of back trauma. 

Roantree ( 1 96 3 )  noted that in nearly 50% of 1 1 1  cases of back lesions wi �h 

a clear history as Lo cause , l i fting weights was in�licated . Hence i t  

would seem that onu o f  the factors affecting acciden t incidence i n  the 

tel ecommuni cations industry top 2 3  codes i s  the number of specific handling 

problems encountered which expose the individual to a ri sk of back i n j ury . 

Indeed , the observation that the greater the number of identifiable 
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stressful acti vi ti e s  performed as part of a duty code the greater i s  the 
back r i s k , reinforces this hypothesi s .  

In relation to the preventive work of the MHRU once the high risk 
groups are identi fied,  the tasks performed by those groups are evaluated 
either by contour or direct pill appli cation . Once the s tress caused by 
a given activity i s  known , th i s  can be compared with standard 
measurements and the safety of any particular procedure with regard to 
pos sible hazard to the back can be assessed. I f  the activity appears 
hazardous , alternative procedures can be tested , and where a safe method 
is found it can be recommended for adoption . Of course , in many of the 
studies carried out be the MHRU there are activities where the nature o f  
the environment o r  load is such that a particular handling task observed 
can only be carried out in a s tress ful manne r ,  that i s , the hazard i s  
bui lt i n to the sys tem . I n  some , mechanical aids can b e  use d ,  for 
example l i f t  trolleys for manho l c  cover handling in the 
telecommunications industry . Howeve r ,  in some s i tuations even these 
cannot be used because of thc de sign , or lack of i t ,  of the work place . 

To bc able to evaluate the safc ty of a l l  e x i s ti ng manual tasks 
ob jective ly , and to al low safety in future designs of working 
environments , contour data is now available and can have many uses . Two 
of which would seem important to industry , a )  to designers of equipment ,  
vehicles and to sys tem designers in that where any force needs to be 
app lied by the worker , the designer can readily see i f  i t  is within 
normal capabi li tics , and , if not , can adj us t  the position to bring i t  
within that capabi l i ty .  b )  when an existing task appears t o  be 
stressfu.l , measurements of the force required and of the posi tion 
relative to the trunk will al low a direct reading from the contour . 

The prcsent contours are app licable to 90% of the male industrial 
population and therefore tasks which fall outside the s a fe zone should 
e i ther be rcdesigned or selection criteria applied to those who have to 
perform them eithcr on tlle büs i s  of physiquc or age . In relation to age 
when compüred with Jl - 40 year olds , both 18 to 30 and 41 to 50 year 
o lds had sl ightly rcduced capacities but 5 1  to 61 year olds had 
signi ficantly reduced capaci ti e s  (p4' 0 . 005 ) . 

'l'hi s  work i s  s t i l l  proceeding to produce for females that which i s  
now available and validated for males . This i s  particularly important 
in relation to the Health and Safety and D i s crimination at Work Acts , as 
it has been shown that back trauma is not s i mply confined to male 
dominated industries (S tubbs and Osborne , 1 9 7 9 ) . Thi s , together with 
further field app lication of the ava i l able male contour data and direct 
pill assessment of truncal s tress in addition to further morbidity 
studies w i l l  give u s  ncre data that can be uti l i �ed to try and prevent 
some of the (•normo11s man power wastage occurring Lhrough back trauma at 
work . 
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CONCLUS IONS 

Industrial accidents and particularly back trauma attributed to manual 
handling occur frequently i n  the younger population i n  construction workers 
and in the middle age group of telecommunication engineers . These findings 
s upport the hypothesis that back trauma arise common l y  either as a result 
of an acute incident as in U1e case of the C I  or as the result of an 
accumulation of minor damage over a number of years , this being i l lustrated 
by the TI epediomiology . The earlier onset seen in industries with high 
accident rates suggest that s tresses imposed on the trunk are greater or 
more frequen t ,  and induce back trauma at an earlier age . This may lead to 
some workers leaving an indus try , as in the case of the CI , or being 
redeployed wi thin it ( TI ) . 

Indus tri a l  accidents also appear more frequently i n  certain 
occupations within an indus try than others ; those occupations having 
relatively more specific handling probl ems . Further from laboratory and 
field measurements there appears to be an increased l i ab i l i ty of back 
trauma in those workc rs cxposed to tasks inducing peak intra-abdominal 
pressures above 100 mmH0 ( 1 3 . J  kPa) . Using a s lightly reduced level from 
thi s ( 90 mmHg) safe contours have been established for male indus trial 
workers between 18 and 6 1  ycars of age .  In this i t  i s  noted that after 50 
years of age thcre i s  a s i y n i fi cant decline in safe capacity,  this being 
important for safety analysis and task designing a l i k e  where manual 
handling inputs are require d .  The need for simi lar data for female 
workers is appare n t .  
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