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ABSTRACT

The purpose of th is  study was to  examine the l i f t i n g  capacity  of low-seam coal 
miners in  four re s t r ic te d  work postures (roo f heights of 36“ , 4 0 " , 4 4 ", and 4 8 " ) , 
in v e s t ig a te  the associated  m etabolic c o s ts , and to examine electrom yographic (EMG) data 
from  e ig h t  tru n k  m uscles d u rin g  th e  l i f t i n g  procedure. Sub jects were th irte e n  
underground miners accustomed to  handling m ate ria ls  in  re s t r ic te d  work p o stu res . Each 
s u b je c t  performed two twenty-minute periods of asymmetric l i f t i n g  in each of four 
postures during the day o f te s t in g . The-frequency o f l i f t in g  was 10 l i f t s  per m inute. 
A s p e c ia lly  designed l i f t i n g  box incorporated m icroswitches in one handle of the box 
and another in the bottom of the box, in order to examine the trunk muscle function  at 
s p e c if ic  points during the I f t in g  c y c le . The data co lle c te d  w il l  be used by the Bureau 
of Mines to make recommendations fo r  l i f t i n g  m ate ria ls  in low-seam coal mines.

INTRODUCTION

S t a t i s t i c s  obtained from the Mine Safe ty  
and Health A d m in is tra t io n 's  Health and Sa fe ty  
A n a ly s is  Center (HSAC) f i l e s  fo r the yea rs  1981 
through 1986 have shown back in ju r ie s  as being 
a s ig n i f i c a n t  and continuing problem in  the 
underground mining in d u s try . During th is  s ix -  
year period there have been a to ta l of over
12,500 back in ju r ie s  in underground coal mines. 
HSAC s t a t i s t ic s  a lso  in d ica te  th at the rate  of 
back in ju r ie s  per 200,000 man-hours worked is  
higher the lower the seam of the coal mine (see 
T a b le  1 ) .  One reason fo r  the  in c re a s e d  
in c id e n c e  in  low seams i s  th a t underground 
m iners must perform l i f t i n g  tasks in  r e s t r ic te d  
working p o s it io n s .

P re v io u s  Bureau re se a rch  has ind icated  
that underground miners have a reduced l i f t i n g  
c a p a c it y  when l i f t i n g  in  an u n r e s t r ic t e d  
kneeling po sitio n  ( i . e . ,  a roof height of 48 
in c h e s ) , as compared to l i f t i n g  in the stooped 
p o sitio n  at the same roof height (G a llag h e r, 
1987). This research a lso  demonstrate that 
m yo e lectric  a c t iv i t y  o f the trunk muscles is  
s ig n if ic a n t ly  a ffec ted  by the posture assumed 
when l i f t i n g  ( i . e . ,  stooped or k n e e lin g ). 
Furtherm ore, the m etabolic cost of l i f t i n g  was 
found to  be s ig n i f i c a n t l y  e levated in the 
k n e e lin g  posture compared to stooped. The 
purpose of the present in v e s t ig a t io n  was to 
e x a m in e  th e  e f f e c t s  o f  l i f t i n g  u s in g  
r e s t r i c t e d  k n e e lin g  p o stu re s  ( i . e . ,  ro o f 
heights of 36" and 4 0 " ) , and stooped postures

TABLE 1 .-  Incidence of Back In ju r ie s  in Underground 
Coal M ines, 1981-1986. Incidence rates are expressed 
in  terms of the number of back in ju r ie s  per man-year 
(200,000 h o u rs ). Low-seam coal mines are defined as 
those w ith a roof height of _< 48 in ch e s , w hile  medium 
and high seam mines have a roof height > 48 inch es .

A ll underground 
coal mines

Low-seam 
coal mines

Medium/high-seam 
coal mines

1981 3.96 5.76 3.62

1982 3.74 5.08 3.51

1983 3.28 4.54 3.00

1984 3.25 4.44 2.99

1985 1.30 2.01 1.18

1986 3.13 5.67 2.71



( a t  r o o f  h e ig h t s  o f  44 "  and 4 8 " )  on 
p s y c h o p h y s i c a l  l i f t i n g  c a p a c i t y ,  
electrom yography o f e ight trunk m uscles, and 
the m etabolic cost of perform ing the l i f t i n g  
a c t i v i t y .

METHOD

S u b je c t s  w ere  13 u n d e rg ro u n d  m iners 
accustomed to handling m ate ria ls  in re s t r ic te d  
work postures. Informed consent was obtained 
from each p a r t ic ip a n t , and the sub ject was then 
p repared  fo r  the  l i f t i n g  t e s t s .  The eight 
trunk muscles investig ated  were id e n t if ie d  and 
th e  s k in  above the  m uscle was prepared by 
shaving and c lean ing  the sk in  thoroughly with 
a lc o h o l .  B ip o la r  su rface  e lectro d es f i l l e d  
w ith  an e le c tro ly te  gel were attached to the 
sk in  above the muscle (3 cm apart center to 
c e n te r ) , and a ground e lectro de  was attached . 
S u rfa c e  e le c tro c a rd io g ra p h ic  e lectro des were 
a ls o  p laced  fo r determ ination o f heart ra te  
d u r in g  th e  l i f t i n g  t e s t s .  Each s u b je c t  
performed two twenty-minute periods of l i f t i n g  
in  each o f fo u r postures during the day of 
t e s t in g .  In each p o s tu re , one p e rio d  o f 
l i f t i n g  s ta rte d  w ith heavy box (approxim ately
95 pounds), and one s ta rte d  w ith a l ig h t  box 
(approxim ately 25 pounds). The frequency of 
l i f t i n g  was 10 l i f t s  per m inute.

A s p e c ia lly  designed l i f t i n g  box was used 
f o r  t h i s  s t u d y .  T h is  box in c o rp o ra te d  
m ic ro sw itc h e s  in  one handle of the box and 
another in  the bottom of the box (see fig u re
1 ) .  These sw itc h e s  a llow ed  researchers to 
d e te rm in e  the  fo llo w in g  e ve n ts  d u rin g  the 
l i f t i n g  c y c le : a) when the sub ject grasped the
box, b) when the sub ject l i f t e d  the box, c ) 
when the sub ject placed the box back down, and 
d ) when the sub ject re leased h is  g rip  on the 
box. In a d d itio n , the c o lle c t io n  of integrated

IN BOUOU IN HANDLE
PLATE

FIGURE 1. Schematic of the l i f t i n g  box used in 
th is  experim ent.

EMG data (at minutes 2 and 18 during the te s t )  
was tr ig g e re d  when the sub ject grasped the 
handle of the box. However, EMG data from a l l  
e ight trunk muscles was obtained s ta rt in g  two 
seconds p r io r  to the time the handle tr ig g e r  
was ac tiva ted  (by means of the memory b u ffe r 
in the ISAAC1 5000 high speed data a cq u is it io n  
system) to  assure that a l l  EMG data associated  
w ith the l i f t  was c o lle c te d . M etabolic data 
was obtained during the la s t  f i v e  minutes of 
e v e r y  t e s t  u s in g  a Beckman M e ta b o lic  
Measurement Cart I .  Heart ra tes were taken 
every minute during the l i f t in g  t e s t s .  EMG 
data fo r  each m uscle was exp resse d  as a 
percentage of the o ve ra ll maximum observed fo r  
that muscle during a l l  of the l i f t i n g  t e s t s .  
The MAWL d a ta , average heart ra te , oxygen 
c o n s u m p t io n , v e n t i l a t i o n  v o lu m e , and 
re sp ira to ry  exchange ra t io  data were analyzed 
u sin g  an a n a ly s is  of v a r ia n c e  (ANOVA) on 
repeated measures s t a t is t ic a l  package. Both 
mean and maximum EMG data were analyzed using 
a m u lt iv a r ia te  a n a ly s is  of variance (MANOVA) 
on a l l  muscles followed by separate ANOVAs and 
post hoc Duncan Range Tests performed on each 
separate muscle.

L i f t in g  Box and EMG Instrum entation

EMG data during the MAWL experiments were 
co lle c te d  using a system of su rface  e lectrodes 
coupled with and EMG a m p lif ie r  and in te g ra to r , 
an an a lo g /d ig ita l (A/D) co n ve rte r, and m icro
computer (f ig u re  2 ) .  C o lle c tio n  of EMG data 
was t r ig g e re d  by the l i f t i n g  box, w hich  
contained m icroswitches b u ilt  in to  one handle 
and the bottom of the box to a llow  the marking 
o f s p e c i f i c  even ts during the course of a 
1 i f t .

The l i f t in g  box was made using a welded 
a lu m in u m  c o n s t r u c t i o n  and w e ig h e d  
approxim ately 19.5 lb . when empty. The box 
was d iv id ed  in to  severa l compartments where 
weights could be added or removed according to 
the purposes of the t e s t .  Two compartments 
had hinged covers in which the experim enters 
randomly varied  weight p r io r  to the s ta r t  of 
the t e s t .  A m icrosw itch was b u ilt  in to  one of 
the box handles, which was ac t iva te d  when the 
sub ject grasped the box at the s ta r t  of the 
l i f t .  T h is  sw itc h  was armed by a second 
sw itch  at the microcomputer to prevent fa ls e  
t r ig g e r in g  due to  v ib r a t io n  or in c id e n ta l 
co n ta c t. When the sw itch was closed a +10 
v o lt  d ire c t  current (VDC) s ig na l was sent from 
th e  l i f t i n g  box to  th e  A/D c o n v e r t e r ,  
tr ig g e r in g  the c o lle c t io n  process.

A second m icrosw itch was attached to the 
bottom of the l i f t in g  box and was ac tiva ted  as

1 Reference to s p e c if ic  brands, equipment or 
t r a d e  names in  t h i s  re p o r t  i s  made to 
f a c i l i t a t e  understanding and does not imply 
endorsement by the Bureau of Mines.
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FIGURE 2 . U. S . Bureau of Mines Electron\yographic Data A cq u is itio n  System.

long as the box was re stin g  on i t s  base. When 
the box was l i f t e d ,  the sw itch  opened and the 
s ig n a l dropped from +10 VDC to zero .

A micro-computer was used to contro l the 
e n t i r e  d a ta  c o l l e c t io n  p ro c e s s . Custom 
s o ftw a re  was developed to  a c t iv a te  the A/D 
co nverte r and sto re  the data c o lle c te d . When 
the researcher wanted to c o lle c t  EMG data the 
microcomputer sent the proper commands to the 
A/D co n ve rte r , which then would c o lle c t  data 
output from the EMG a m p lif ie r / in te g ra to r  and 
the l i f t i n g  box. The data are allowed to pass 
through the co n ve rte r 's  b u ffe r u n t i l  a +10 VDC 
s ig n a l  was re c ie v e d  from the box handle 
m ic ro s w itc h , in d ic a t in g  that the handle has 
been grasped in preparation fo r  a l i f t .  At 
th is  p o in t , the A/D converter stored a preset 
number o f data points p r io r  to the +10 VDC 
s ig n a l and began to sto re  data po ints at the 
ra te  and duration sp e c if ie d  by the researcher

through the so ftw are . In the present study, 
in tegrated  EMG data was co lle c te d  at a rate  of 
100 Hertz (Hz) fo r  a seven second period of 
tim e ; two seconds of data were stored p r io r  to 
the l i f t i n g  box handle s igna l being received 
by the A/D co n ve rte r , and f iv e  seconds of data 
were co lle cted  a f te r  the s igna l was rece ived .

The box m ic r o s w it c h e s  e n a b le d  th e  
in v e s t ig a to r s  to a n a ly ze  EMG data  at the 
fo llo w in g  p o in ts : when the box handle was
grasped, when the box was l i f t e d ,  when the box 
was s e t  down, and when the  handle was 
r e le a s e d . The EMG data described in  th is  
paper were analyzed from the time th at the 
sub ject grasped the handle of the box u n t il 
the handle of the box was re le ase d . A fte r  the 
data had been stored in  the b u ffe r of the A/D 
c o n v e r t e r ,  th e  m icrocom puter s to re d  the 
inform ation on d is k , c leared the b u ffe r of the 
A/D co n ve rte r , and reset the system fo r



TABLE 2. - Mean acceptable weights of l i f t  and 
metabolic costs of l i f t in g  in the four re s tr ic te d  
postures (N = 13)

Kneeling 
36" 40" 44"

Stooped
48"

MAWL (lb s ) 54.2 53.5 63.5 6 6 . 0

HR (bpm) 141 133 126 126

V£ (L/min) 34.0 31.8 29.6 28.8

V02
(mL/kg/min)

15.8 15.3 13.7 13.8

R 0.92 0.90 0.89 0.87

another te s t .  Th is data was la te r  tran sfe rred  
to  a mainframe computer fo r  p lo t t in g  and 
s t a t is t ic a l  ana lyses .

RESULTS

A n a ly s is  o f th e  d a ta  in d ic a t e s  th a t 
re s t r ic t in g  the posture of underground miners 
has a s ig n if ic a n t  e ffe c t on l i f t in g  capacity (F̂  
3,36 = 9 .000 , n  < .0 0 1 ) . Table 2 l i s t s  the 
psychophysical l i f t in g  capacity for each of the 
experimental conditions along with data on the 
m etab o lic  co st o f perform ing at each roof 
height. The greatest amount of weight l i f t e d  
by th ese  miners was at the 48" roof height 
(mean = 66.0 pounds), and the lea st at the 4U" 
roof height (mean = 53.5 pounds). Heart rate 
( L  3,36 = 9*543, p_ < .0 0 1 ) , oxygen consumption 
( t  3*,33 = 8 .0 5 , < .0 0 1 ) , and v e n tila t io n
volume (F_ 3 ^ 3  = 4 .8 8 0 , g_ < .01 ) were a l l  
s ig n if ic a n t ly ’ a ffected  by roof height with the 
h ig he r physio log ica l values occurring in the 
knee ling  postures. The resp ira to ry  exchange 
r a t io  (F_ 3 t 3 3  = 3 .8 2 5 , ^ < .0 5 ) was a lso  
s ig n if ic a n t ly  affected  by posture.

The re su lts  of the MAN0VA fo r maximum EMG 
ind icated that seam height has a s ig n if ic a n t  
e f f e c t  on m uscle a c t i v i t y  (F = 5 .115 , p < 
.0 0 1 ) .  S im i la r l y ,  the MANOVA fo r mean EMG 
d u r in g  th e  l i f t i n g  ta s k s  dem onstrated a 
s ig n i f i c a n t  e f f e c t  due to seam height (F = 
6 .395 , < .0 0 1 ) . Neither in i t i a l  box weight
( l i g h t  or  h e a v y ) nor t im e  o f th e  d a ta  
co lle c tio n  (minute 2 or minute 18 o f the te s t )  
dem onstrated a s ig n i f i c a n t  main e f f e c t  on 
muscle a c t iv i t y  in the m u ltiva ria te  an a ly s is  ([  ̂
> . 0 5 ) .  T a b le  3 p re se n ts  a summary o f
s ig n if ic a n t  re su lts  using the Duncan M ultip le  
Range Test describ ing  the e ffe c ts  on percentage 
o f maximum EMG a c t iv i t y  fo r the eight trunk 
m u sc le s  due to  l i f t i n g  in  the fo u r seam 
hei ghts.

DISCUSSION

T h is  study confirms the find ings of an 
e a r l ie r  investig atio n  by the Bureau of Mines 
which dem onstrated th a t underground miners 
have a reduced  l i f t i n g  c a p a c ity  in  the 
kneeling posture, while the metabolic costs of 
l i f t in g  in the kneeling position  are g reate r. 
These find ings ind ica te  that muscular fatigue 
due to m a te r ia ls  hand ling  may occur more 
q u ic k ly  in  t h is  p o s tu re , and that l i f t in g  
heavier weights in low-seam coal mines might 
be better accomplished in the stooped posture 
(due to the higher l i f t in g  capacity in th is  
p o s it io n ).

The an a ly s is  of the electromyographic data 
in d ic a te s  th a t the fu n c tio n  o f the back 
m uscles stud ied  are quite d if fe re n t  in the 
kn e e lin g  posture  than when stooped . The 
e recto r spinae muscles are much more ac t ive  
when l i f t i n g  in the kneeling posture. I t  
seems reasonable to assume that these muscles 
must bear much more re s p o n s ib il ity  fo r the 
l i f t  in th is  posture due to the fa c t that 
se v e ra l muscle groups ty p ic a l ly  ca lled  upon 
fo r l i f t in g  are not ava ilab le  fo r use in th is  
p o s it io n . As a r e s u l t ,  th e re  may be an 
in c re a se d  com pressive load on the lumbar 
reg ion  o f the sp ine  when l i f t i n g  in  th is  
p o s it io n . The greater metabolic demand of 
l i f t in g  in th is  posture is  l ik e ly  due to an 
in c re a se d  demand fo r  oxygen by the back 
m uscles.

In the stooped p o s tu re , the la t is s im u s  
dorsi muscles were s ig n if ic a n t ly  more ac t ive  
during the l i f t in g  tasks than when kneeling ; 
h o w e ve r , the e re c to re s  sp inae  were more 
quiescent when l i f t in g  in th is  posture. Many 
stud ies have shown that the erectores spinae 
demonstrate much less  a c t iv i t y  when the trunk 
i s  f l e x e d ,  and i t  i s  assumed th a t the 
p o s t e r io r  group o f ligam ents ( i . e . ,  the 
p o ste rio r lo n g itu d in a l, the ligamentum flavum,



TABLE 3 . - Duncan range te s t  s ig n if ic a n c e  fo r maximum EMG a c t iv i t y  
during l i f t i n g  ta s k s . Conditions w ith  the same le t t e r  are not 
s ig n if ic a n t ly  d if fe re n t  at the 0.0b le v e l .  Numbers in parentheses 
represent the mean percentage of maximum EMG a c t iv i t y  fo r  the c e ll  (N 
= 7 ) . The sub jects were kneeling  at 36 and 40 in ch e s , and were stooped 
a t 44 and 48 inch es .

H D RLD L£S RES LED REO LRA RRA
36
inches

A
(34 .86 )

A
(36 .6 3 )

A
(7 2 .8 3 )

R
(77 .21 )

A I
(56 .7 5 )

A
(46 .9 1 )

A
(45 .05 )

A
(3 3 .6 4 )

40
inches

A
(26 .77 )

A
(32 .85 )

A
(6 7 .0 1 )

A
(7 2 .3 7 )

A
(56 .2 6 )

A
(3 7 .1 8 )

A
(51 .9 9 )

A
(4 6 .0 9 )

44
inches

C
(62 .51 )

B
(6 0 .6 9 )

ft"- '
(4 0 .6 9 )

£
(3 9 .3 9 )

B
(41 .3 3 )

A
(4 8 .1 3 )

A
(41 .41 )

A
(3 3 .3 7 )

48
inches

B
(4 7 .9 8 )

B
(5 8 .2 2 )

B
(30 .1 0 )

B
(42 .4 0 )

A B
(42 .6 5 )

A
(3 7 .9 0 )

A
(33 .0 1 )

A
(3 5 .1 9 )

LLD = L e f t  La tiss im u s D o rs i; RLD 
L e ft  La tiss im u s D o rs i; RES = R ight L a t i 
O blique; REO = Right E x te rn a l O blique; 
R ight Rectus Abdominis.

= R ight La tiss im u s D o rs i; LES 
ssimus Dorsi ; LEO = Le ft  Exte rn a l 
LRA = Le ft  Rectus Abdominis; RRA =

th e  in t e r s p in o u s , and the suprasp inous) are 
p r im a r i l y  r e s p o n s ib le  fo r  su p p o rt in g  th e  
v e r t e b r a l  colum n when the  tru n k  i s  bent 
fo rw ard . I t  is  l i k e ly  that the sub jects  in the 
p r e s e n t  s tu d y  w ere  dependent upon t h e i r  
ligam ents fo r support during the l i f t i n g  ta s k s , 
and were th e re fo re  p la c in g  those ligam ents 
under considerab le  s t r e s s .  U n fo rtu n a te ly , i t  
i s  d i f f i c u l t  to determine such s t re s s e s .

The r e s u l t s  o f  th e  e le c t ro m y o g ra p h y  
in d ic a t e  t h a t ,  in  the  stooped p o stu re , the 
la t i s s im u s  m uscle  i s  w o rk in g  a t a h ig h e r 
percentage of i t s 1 maximum cap ac ity  than the 
e recto res during the l i f t .  The Bureau of Mines 
i s  c u r r e n t l y  exam in ing  th e  b io m e ch an ica l 
s tre s s e s  o f l i f t i n g  in these two postures using 
a model by S c h u ltz  (S c h u ltz  and Andersson, 
1981 ; S c h u ltz  e t a l . ,  1 9 8 2 ) , in  o rd e r to  
d e te rm in e  th e  com pression  and shear fo rces 
e x p e r ie n c e d  by th e  sp in e  when l i f t i n g  in  
r e s t r ic te d  working co n d it io n s .

The d a ta  p resented  in th is  paper (along 
w ith  data co lle c te d  in previous s tu d ie s ) w i l l  
be used by the Bureau of Mines to  make 
recommendations fo r l i f t i n g  m a te r ia ls  in the

low-seam coal mining environment. The re s u lt s  
o f th is  study may a lso  be va luab le  inform ation 
fo r  other in d u s tr ie s  where workers must handle 
m ate ria ls  in re s t r ic te d  work spaces.
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