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Risks of Hand Tc . ' Injury in
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Part I: Coal Mining

William S. Marras, Thomas C 3obick, Steven A. Lavender,
Thomas H. Rockwell, and Rec=rt L. Lundquist

The underground coa: mining work place represents a dangerous environ-
ment where workers are constantly exposed to hazards involved in using
hand tools. In order to ccscribe the injury components associated with hand
tools, a review of all underground coal mining injuries was conducted for the
years 1978 through 1983. This was performed by evaluating injuries record-
ed in the Mine Safety anc Health Administration’s Safety and Health Tech-
nology Center database. This review identified the injury-component se-
quences that were most frequent and those sequences that were most severe
as measured by days lost trom work. The analysis showed that injuries asso-
ciated with the scaling bar and jack were responsible for over half of all lost
days resulting from hand tool-related injuries. Almost 90% of all lost days
due to hand tool-related :njuries are accounted for if the bar, hammer/axe,
and pneumatic drill are also included. This study discusses the sequence of
injury-component events :hat results in an increased risk of injury from these

tools and also discusses erzonomic changes that may reduce these risks.

Hand tools have been in use bv humans
since prehistoric times. Today, hand tools
are used regularly in most occup:-: as and
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are commonly found in most households.
However, along with their many benefits,
hand tools also present risks of injury.
Ayoub, Purswell, and Hicks (1977) reviewed
injury data and found that injuries resulting
from hand tool use were responsible for 5%
to 10% of all compensable injuries. Further-
more, the vast majority (70% to 80%) of
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nd tool-related injuries were due to the
of nonpower tools.

' Certain occupations require workers to
fuse hand tools more often than others, and
cmany times the nature of the task or tool
:pits the workers at a greater risk of injury.
¥ For examplr. Rockwell (1982) has reported
 that hand tools caused a total of 10% of all
‘on-the-job injuries in the rail industry.
: These accidents represented a loss of 3 to 4
million worker-hours per year. Hand tool-
 related injuries in the rail industry account
f for more lost time than injuries from manu-
¥.ally handling materials and are exceeded in
-severity only by injuries from slips and falls.

E UNDERGROUND COAL MINING

¥ Underground coal mining is another in-
“dustry in which the nature of the jobs and of
E-the tools utilized can cause the work force to
be at greater probability of injury than the
pical industrial population. Statistics from
he Mine Safety and Health Administration
(MSI1A), Dopartinent of Labor, indicate
that from 1! {0 to 1984 hand tools were in-
volved ina i al of 8% of all lost-time nonfa-
-tal injuries. ‘Juisenberry (1985) has report-
that hand tools were involved in a total of
21% of all hand and finger injuries during
the same 5.-vear period.

> Environment
£ The underground coal mining environ-
7 ment leaves little room for error and
= presents very hazardous workj ng conditions.
¥ Since mining is the brute force extraction of
". raw materials from the surrounding rock,
the extraction equipment is very large and
% quite powerful. Handheld power tools, such
£-&s pneumatic drills, which are used to drill
£ holes for the insertion of rock-securing bolts
v g y
care heavy and made for rough handling.
»* Even nonpower maintenance tools (wrench-
. €8, screw drivers, hammers, ele.) are usually
- larger, heavier. and more durable than the
#same types of ools found in home work-
shop<. Becauc the fools are heavy and
bulk. they m: caive a more severe acci-
dent if they slij» or are dropped. Additional-
- ly, the mass of the 110l may also place the
worker at g cater risk of an overexertion in-
jury dueto ureater moment loading on the
v
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Personal illumination for underground
miners is provided by small battery-powered
lights worn on the individual’s hard hat. Ar-
ea illumination exists only in the vicinity of
the large, mobhile mining equipment. This
limited illumination diminishes the percep-
tion of the surrounding environment and
can severely compromise the tasks that have
to be accomplished. This can lead to tool
slippage and misstrikes, Often, the under-
ground environment is wet and can cause
slipping accidents when heavy items, such
as drills, are carried from one work place to
another. Dampness also contribute to a
tool’s slipping from the worker’s grasp,

Additionally, low-seam coal mines (seam
thickness <48 in. [121.9 em)) cause the
workers to do their jobs in awkward, re-
stricted postures, Typically, the workers
kneel on both knees, on one knee (the other
leg used as a brace or support), or while in a
stooped.-over posture (Bobick & Unger 1985;
Gallagher, 1985). Using or moving heavy
tools while in an awkward posture can con-
tribute to tool mishandling or struck-by-tool
accidents. Restricted postures can also con-
tribute to musculoskeletal injuries when
handling heavy items, especially when the
worker is fatigued (Chaffin & Andersson,
1984). If a heavy tool slips, thus causing the
worker to react suddenly to either prevent
the tool from falling or to move out of its
way, the sudden movement can cause a low-
er back or upper torso injury (Marras,
Rangarajulu, & Lavender, 1987).

Another important point is that the work-
ers who use hand tools generally use them a
lot. Thus, a mechanic, an electrician, or a
drill operator, who uses hand tools more of-
ten, has an increased probability of injury.
Quisenberry (1985) has reported that from
1980 to 1984, the second and third most
common activities that contributed to lost.
time hand and finger injuries were mainte-
nance-repair tasks (17%) and using hand
tools in jobs other than maintenance and
repair (16%). Thus, one out of every three
lost-time hand and finger injuries involved
the use of hand tools.

Other problems associated with the con-
stant use of hand tools involve the cumula-
tive trauma disorders, such as carpal tunnel
syndrome, tenosynovitis, tendonitis, or vi-
bration white finger disease (Raynaud’s syn-
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K drome). Cumulative trauma results from re-
petitive insult to a portion of the body. Un.
like acute trauma (where damage is pro-
. duced instantaneously), the effects of
cumulative trauma may take months, or
€ven years, to appear. In effect, cumulative
£ trauma represents the gradual “wear and
£ tear” on the body from repetitive action. Al-
though these types of repetitive motion dis-
. orders are traditionally associated with
_smaller, lighter-weight tools, they also can
¢ occur in mining where heavier, more mas-
% sive hand tools, such as pneumatic rock
E drills (75 to 140 1b 33.9 to 63 4 kgl), are
. used.

! Tools Used
E_. As in most industrial work places, the
B usual variety of maintenance tools are used
e in mining, Wrenches, screw drivers, pliers,
E hammers, knives, axes, pry bars, and so on,
E: are used for routine work. As mentioned,
E-the tools used in mining are considerably
klarger than the normal versions. Also, the
hand tools used in mining have to be more
*durable than those used in most other indus-
f tries due to the harshness of the mining
f environment.
E-+ In addition to the routine tools, certain
“specialty tools have been developed for spe-
¢ cific mining activities, One very important
f tool found in all underground mining oper-
y:ations is the scaling bar. This tool is similar
but is generally longer. The
gxcaling bar, which can be equipped with
different tips for different tasks, permits a
Bworker to remove any loose rock from the
Fr0of. To do this job safely, the worker has to
be positioned sufficiently far away from the
s unstable roof. Thus, a rather lengthy bar (4
Fto 8 ft (1.2 to 2.4 m]) is used so that the
iner can remain under more secure roof
feonditions.
§ Additionally, hand-carried pneumatically
:powered percussion drills are used to some
t&xtent in underground coal mines, Those
Yoperations that have fairly hard rock above
§ the coal seam will primarily use pneumatic
bdrills instead of the usual hydraulically
*powered rotary drills. Mines with weaker
srock overhead will typically use self-pro-
Fpelled hydraulic drills for drilling the roof
¥bolt holes; even these mines, however, will
3 one or two pneumatic rock drills for
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the specific task of cleaning up after an ex-
tensive rock fall.

Objectives of the Injury Data Analysis

The objectives in analyzing hand tool in-
jury data were three-fold: (a) to define the
circumstances (accident type, part of hody
injured, activity at the time of injury, etc.)
of the lost-time hand tool injuries; (b) to
define the probability of occurrence for
each circumstance; and (c) to define the se-
quence of injury-component events and
identify the most probable and most severe
component links.

METHOD

Data Base Selection

To achieve the objective of this study, data
regarding hand tool injuries and usage were
required. Several potential sources of infor-
mation were investigated. These included
insurance company files, individual mining
companies, mine unions, hand tool manu.
facturers, and government agencies as well
as other potential sources. For a potential
information source to be practical for re-
search purposes, it had to meet several crite-
ria. These include:

1. A computerized database,

2. The ability to sort the data base in sev-
eral ways according to the components of
hand tool injuries, and

3. Up-to-date statistics that were coded
according to standard procedures in all
environments.

The only database that satisfied all of
these criteria was that maintained by the
MSHA Safety and Health Technology Cen-
ter in Denver, Colorado. The MSHA data-
base provided an excellent source of hand
tool information for the years of interest,
1978 through 1983. This database was the
most complete and well documented sonrce
available for a quantitative evaluation of
hand tool injuries.

One restriction of the MSHA database,
however, is that the reported injuries were
primarily acute disorders. Cumulative trau-
ma reporting depends upon the recognition
of the problem by the medical profession.
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Often, these individuals are unaware that
the problem may be of a cumulative nature.
Such diagnosis problems lead to inaccurate
estimates of true incidence rates, Hence,
some injuries, which are cumulative in na-
ture, may be classified as acute or may not
be reported at all if the injury can not be
linked with a specific incident.

Injury Components

Several components of hand tool-related
injuries were evaluated. These injury com-
ponents werved as independent variables in
thi- analvsis. The components consisted of:
(a) e tvpe of tool used during the accident,
(b) the tvpe of accident, (c) the part of the
bod+ injured, and (d) the nature of the in-
jury.

Several types of hand tools used in the
mining industry were evaluated in this
studly. These tools were: the pneumatic drill,
scaling bar. pry bar, axe and hammer, jack,
knite, and wrench. All of these tools are
widely used in coal mining, and they ac-
count for the vast majority of hand tool-
related injuries reported in underground
coal mining,

The MSHA classification defines the type-
of-accident component as the event that di-
rectly resulted in the reported injury. The
type of accident directly relates to the source
of injury. Typical accident types include
strick against, struck by. fall, caught, or
OVeexe rtion.

" he partof-body component identifies
the povion of the worker that was injured
whre nsing the hand tool. Usually. there is
onls one part of the body reported. If more
than one part is reported. this component is
coded as multiple injuries. In this particular
analysis. the parts of the body were consid-
ered in general terms: head, neck, arm, leg,
trunk. Thus, when a limb was involved in
an injury, any part of the limb was included
in the data for that limb. For example, a
finger injury was recorded as an arm injury.
Also. when a trunk injury was reported, it
was not known whether the injury was to
the upper back, lower back, or the abdo-
men. Such differences have different biome-
chanical implications. However, discrepan-
cies could often be resolved by examining
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the narrative report associated with the in:
ury. ‘
! In the MSHA database classification, the
nature-of-injury component identifies the
principal physical characteristics of the in-
jury. Generally, the basic injury, not some-
thing that occurred later, is described. It
more than one injury occurs and one injury
is more severe than the other, the more se-
vere injury is reported. On the other hand,
if several injuries of similar severity occur,
the nature of injury is reported as multiple.
Descriptions of nature of injury include
breaks. muscle tears, dust in the eves, cuts,
inflammation of joints, tendons, or muscles,
dislocations, and strains and sprains. In the
case of breaks, a limb recorded as broken
included a broken bone in any part of the
limb. For example, a break to the arm may
indicate a break to the upper arm, lower
arm, or fingers. ‘

As mentioned earlier, brief narrative de-
scriptions were acquired from the database
for specific accidents. In some instances,-
narratives provided additional information
regarding the components of a particular
accident. :

Two dependent measures were evaluated
in this study: (a) the frequency of oceur--
rence and (b) the number of days lost asso-
ciated with an accident. These dependent
Mmeasures permitted the data associated with
a sequence of accident components to be
evaluated as a percentage of all injuries or
lost days attributable to a particular tool.
The frequency data were used to compute
the relative probabhilities of each accident se-
quencee, and the number of lost days formed
an index of severity for each sequence. Be-
cause the database did not report total hours
worked with each tool analyzed, it was not
possible to derive an exposure rate of injury
for each specific tool.

Injury Component Analysis .

The method used to interpret the data-
base consisted of several steps. First, condis
tional relationships were established among
the injury components as a function of each-
hand tool for each year of data reported. .
These conditional relationships described”
the components of each injury sequence
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¢ from work. In this manner, the analysis was
: able to establish, for an injury occurring
- with a specific tool, the probabilities that a
" particular type of accident had occurred,
that a particular part of the body was in-
volved, and that a particular nature of inju-
ry had resulted. Thus, the expected number
of lost days could be identified for each inju-
Iy sequence. The analysis methodology ena-
bled the identification of sequences of injury
components that were associated with
greater probability and severity of injury.
Once the conditional relationships were
derived for individual years, the data were
statistically evaluated to determine if there
was justification to combine the data for all
6 years. In every case, the pooling of data
* was statistically justified. For the combined
;. years of data (1978 through 1983), the
conditional relationships among the in-
. jury components were established and were
. then represented by probabilistic tree dia-
grams.
The conditional probabilities of injury
i components were used to rank the injury-
* component sequences according to the num-
- ber of lost days due to the injury sequence.
- In this manner, it was possible to identify
. the sequences that represented the greatest
: risk, in terms of frequency and severity, of
- hand tool injuries in coal mining over the 6
i years that were analyzed. These sequences
;.- were used to gain insight into the ergonom-
- ic problems associated with hand tool de-
sign, the method of tool usage, and the
environmental factors contributing to the
injury.
More in-depth analyses of the data con-
sisted of task analyses, narrative reports of
t- accidents, worker interviews, and ergonom-
f fo assessments of tool use. Task analyses were
g produced from videotapes made at under-
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. ground work sites. These analyses broke
. each task into elements and quantitatively
. described the work postures observed. For
.~ example, orienting the scaling bar with a
;' &:7-m (8.9-ft) roof height, the miner has 10
', degrees of sagittal bend and the left shoul-
. der is abducted 45 degrees and is in 30 de-
= grees of flexion. Each joint and limb posi-
- ton was described in this manner, leading
%:‘itn a detailed description of each task ele-
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¥ based on accident frequency and days lost

ment. These descriptions were used to iden-
tify possible mechanisms of injury for each
element. _

Accident narratives were available for
most injuries reported in the database.
Some of the narratives were incomplete
and, when possible, worker interviews were
used to supplement this analysis. Interviews
concentrated on having miners describe ac-
cidents they had been involved in or had
seen while on the job.

Based on the information from the above
analyses, ergonomic assessments for each
tool were developed using a seven-link
biomechanical model. The model estimated
the compressive forces at the L5/S1 juncture
and compared the strength requirements of
the task elements with a database contain-
ing anthropometric strength data.

RESULTS

The severity (lost days) of injuries due to
hand tool use in coal mining is shown in
Table 1. This table indicates that the most
severe hand tool-related injuries are caused
by scaling bar use, followed closely by jack
use. In fact, these two tools account for over
half the lost days due to hand tool accidents.
The pry bar, hammer and axe, pneumatic
drill, wrench, and knife follow in order of
severity. In the present analysis, only tools
that represent a value of greater than 10% of
all lost days in hand tool accidents will be
discussed. Thus, the five tools shown in Ta-
ble 1 will be evaluated.

The scaling bar represents the largest lost-
time category due to hand tool use. Over
23.000 days were lost due to scaling bar use
over the 6 years. This number represents
over 26% of all lost days due to hand tool
injuries. This tool is particularly dangerous,
because it also represents the greatest aver-
age lost days per accident (31 days). Al-
though no exposure metric data can be pro-
duced, actual time spent scaling tends to be
relatively small. With the exception of when
loose material is detected during another ac-
tivity, scaling is typically performed at the
start of a shift, upon entering a new work
site, or after blasting,

The conditional relationships between
the injury components of scaling bar use are
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TABLE 1
LOST DAYS ASSOCIATED WITH VARIOUS TOOLS
USED IN COAL MINING, 1978-1983

% of Total)

Average Days Lost,!

Nusber of Tota) Days Lost A1 Hand Tod

Tool Accidents Days Lost Per Accident Accidents §
Scaling bar 760 23,601 31.05 26.63 §
Jack 1,139 22,205 19.50 25.05 §
Pry bar 677 14,065 20.75 15.87 3

Hammer and axe 1,104 11,105 10.05 12.53 §
Preumatic dril] 555 9,717 17.51 10.96
Nrench 430 5,688 13.20 6.42 ¢

Knife 840 2,258 2.69 2.54

Total 5,505 88,639 100:00 48

shown in tree diagram form in F igure 1 (for  and exertion injuries. About 52% of the in3
all years). This figure indicates that the pre-  juries involve struck-by accidents. Of these]
vailing mechanism of injury is due to struck-  the arm, head, and leg are most often 3
by (STBY) type accidents. Nearly 80% of  fected. The greatest average lost days are)
injuries are due to this type of injury. Of the  associated with breaks to those body pa
struck-by injuries, almost 40% occur to the  Two events typically occur that cause the]
leg, and the most costly nature of injury in- struck-by accidents. First, the latchingg
volves breaks. This sequence of injury com-  mechanism does not lock properly, thus per=j
ponents represents over 55 average lost days mitting the bar to fly up and strike the min-§
per accident. Other costly nature-of-injury  er. Second, often the jack is not securely pog
components are shown in this figure and in- sitioned and kicks out, striking the minerg
volve tears, multiple injuries, and cuts. Oth- Exertion injuries occur in over 28% of thed
er parts of the body often affected by struck-  injuries due to jack use. Of these, over 90%}

by type injuries include the trunk and  occur to the trunk, and most of these are of 8

multiple body parts. Breaks to the trunk a tearing nature. 7
represent a high severity rate, an average of The pry bar is associated with almost;

exertion injuries to the trunk from using the  ries. The sequences of injury-component 4%
scaling bar are fairly prevalent. events associated with the use of this tool are

The jack is also associated with a high  showninF igure 3. This figure indicates that:%
number of lost days— over 259 of all lost the types of injuries most often experiencetlg
days due to hand tool injuries. Figure 2  with pry bar use are exertion and struck-byz:
shows the sequence of injury-component  events. Approximately 51% of the injuriess’
events associated with jack use in coal min. are caused by a struck-by accident. Thisz
ing for the 6-year period of interest. This  type of injury was responsible for 17 meang.,
figure indicates that the two main types of in-  ]ost days per accident. Further examination :
juries associated with jack use are struck-by  of F igure 3 shows that about 41% of the

over 80 days lost. Figure 1 also shows that  16% of all lost days due to hand tool in]'uj"?
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FIGURE 1

SCALING BAR USE RISK SEQUENCES
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FIGURE 2
JACK USE RISK SEQUENCES
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f e 1. (0081, 13.0, 0.0008

AT B TRURIS. Merm280. 10.004) o 1. (0.091), 12.0, 0.000¢

& S, (0.548), 187.0, 0.0083

Exertten: W3ze, TOL-9978, Log W10, TOL»113, Means11.3, (0.031) : 10.  (1.000), 113.0, 0.0088
Near3o.ee. (0.204) Mutiple: NS, TDL-208, Moanedd. 17, (0.018) « S, (1.000, 208.0. 0.0083

Nosk: 3, TOL'8O, Mesnr20.67. (0.009) t: 3. (1.000), 00.0, 0.002¢

» 1, {0.003), 11.0, 0.0000

Trunk: 0204, TOL*8206, Meem31.31, (0.907) . 18, (n.084), 0300, 0.0140

[ 277, (0.842), 0.257.4, 0.2432

H 1, {0.800), 65.0, 0.0008

Arm: NS, TDL'64, Weanr33.0, (0.111) o 1. (0.500), 1.0, 0.0000

Heos: We2, TOL:S, Means2.8, (0.111) .: 2. {1.000), $.0, 0.0018

Por were, TOL-220, Low N, TOL"S, Mesmds, 10.111) » . (0.500), 7.0, 0.0009

Mesns17.78, {0.016) 3 1, 10.800), 2.0, 9.0008

Mulipte: We1, TIR<20, Weawr20.0, (0.088) & 1. 1.000), 20.0, 0.0009

. S (0.548), 76.0, 0.0083

Jrwnk: W11, TOLO220, Meam20.0, 10.611) o 1008, 82.0, 0.0008

& 4 (o384, 92.0, 0.0038

2, {0.143), 59.0, - 0.0018

8: {0.871), 24.0, 0.0070

A Neld, TOL-108, Meaw?.71, (0.438) 2 (0.14), 8.0, 0.0018

1. (oory, 8.0, 0.0000

& . _teory, . 0.0009

Wood: W2, TDL-108, Meanel.8, 10.082) o I (0.500), 7.0, 0.0008

Streer sg W32, TOLTes, . Y. (0.800),  ss.00, 0.0, 0.0009
Meen-23.28, (0.020). Low: W3, TOL:4, Meswct.33, (0.084) . 3. {1.000), 1.33, a0, 0.002¢

Mtpin: 11, TOL-82, Mean$2.0, 10.031) |: 1. 11.000),  s32.00, s2.0, 0.0009

« 1. (0.200),  20.00, 20.0, 0.0009

Nook: M8, TOL-162, Meewd24, (0.158) 3 4 __ 1(0.800),  3s.s0, 142.0, 0.0038

o 2. (0.200), 18.00, 38.0, 0.0018

TRmk: W7, TOL-263, Meew38.14, 10.219) . 2 (0.2se),  3s.s0, 0.001e

T 3. __ (o429, 3267, 0.002¢

» 81, 0.383), 1e.08, 0.08368

/c: 88 (0.808),  10.88. 0.0773

Amx Ne173, TDI2248, Mean12.98, 10.291) - 12, (0.008), 18.42, 188.0, 0.0108

10.029), 10.00, 0.0044

10.040). 10.87, 0.0061

©.1923, 27.12, X 0.0200

10.008), 446, 403.9, 0.0013

0.934), 18.70, 361, 0.0202

t0.070), x 78.0, 0.0108

10.172), 31.8e, $20.0, 0.0120

10.720), 17.95, 1974, 0.0008

(0.033), 2.40, 12.0, 0.0044

Strusk By: 804, TOL-9236, 0.033), 21.00, 108.0, 0.0044
Moen18.86, (0.822) (0.033), a.00, 0.0, 0.0044

. 7. (043w, 10.00, 70.0. 0.008 1

xey - S 10313, .80, 20.0, 0.0044
::;“-o.::n :. secidents Muitiple: N=18, TDL*308, mw!l.ﬂ.{mé 2. tonam, 76.00, ato, 00018
Pronsbiily that this sepment t 2 (0.12m), 27.80, 8.0, 0.0018
::n ::vm . 3. (0.a20), sie7, _ 0.002¢
Tetel days ot ter this Neck: No7, TDL'243, Meams3d.71, (0.012) - L (0.1e3), .00, 5.0, 0.0000
iury sequence & 3. (0.e20), 17.87, 83.0, 0.0028
vvonu:v '::-!“ ?: ontire ™ 8,  {0.120), 14.09, 134.0, 0.0079
resx /z: 48, (0.600),  17.91, 0.0308
Cut Trunk: Ne78. TOL:1710, Mesw22.8, (0.126) - 4___(0.083), 1.78, 31.0, 0.0038
m""‘"" . e (0.120), 23.78, 214.0, 0.0079
Teor & X 10.10m, 8.02, $28.0, 0.0070
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FIGURE 3
PRY BAR USE RISK SEQUENCES

" (LY Seon Se @ se. o
. 30, (0.481) 16.23, 933.0, o.0878

¢ 34, (0420, 1202 PYLRN 0.0801

* Arm: W81, YOLs1280, lon--‘l.lﬂ.lo.l.c/ - s i0.074), 30.33, 2180, 0.0000

o 1. 0012, 000 0.0, 0.0018

::::...u:.::.'.’:::”‘ t 1. (0.033) 0.00. 0.0, 0.0018

e 1 (1.000), 0.00. 0.0, 0.0013

: - ' (1.000), 34.00, 340, 0.0018

\Trunk: Ws), TDLe20, Meen20.0, {0.012) I 1 11.000), 20.00, 20.0. 9.0013

o 1. (0.100). _ 338.00. 238.0, 0.001s

Arm: M:10, TOL'610. Mesns81.00. (0.044) " t: S (0.500), av.8e, 2040, 0.0133

»: 1 Y 0.0, 0.0018

e 1 (0.091), 38.00, .0, 0.0013

o: 1, {0.081), - 31.00. 31.0. 0.0013

arhies: 100 a0k00ae, . 8. o7, s0.08. 407.0. 0.0118

L e (1.000), 33.07, 202.0, 0.0008

* ] (1.000), 13.00, 2.0, 0.0089

»: 1. _(0.008), 0.00. 9.0, 0.0018

. 3 10.018), 4.00, 12.0, 0.0044

- 2 10.010), 8.00, 18.0, 0.002¢

. 7, {0.038), 28.14, 178.0, 0.0103

& 3, _ (0.934), 20.2¢4. s.187.9. o.2e88

Arm: ey, YDLO, Meswsd, (0.280) . 1 (1.000), 9.00. 0.0, 0.0018

::':’.:': ‘:'.’:;:,'- Mead: Nei, TOLO. MeswO, (0.280) & 1. (1.000 9.00, 0.0, 0.001s

e 1. (0.800) 3.00. 3.0, 0.0013

N&“‘l- TOL®12, Weanss.0. (0.500) - 1 (0.800), 9.00. 0.0, 0.0018

. 4 (0.38e), 9.00, 32.0, 0.0089

Arm: We1), TOL*92, Wesnsd.38. (0.733) e o (0.848), a7, 25.0, 0.0088

LA Sirven op: Ne18, TDLS180, & 1. _(a0em, 3s.00, 3s.0, 0.0018
N Mesn+10.0, (0.022) Mead: Ne3, TOL'SS, Meane18.33, (0.200) e 2, to.ee7), 20.00, $8.0. . 0.0029
Meant20.748 \ - 1. (0.333), 0.00, 0.0, 0.0018
Trunk: #=1, TDLsO. Mesnd. (0.087) . 1. (1.000) 0.00, 0.0, 0.0013

» 19, (0.260), 23.11, 430.1, 0.0280

. 43, (0.509), 15.84, [IIRR 0.0034

Arm: NeT3, TOLe1349, Mesne18.48,(0.210) 2 m: 0. (0.123), 2301, 208.0, 0.0133

. 1. (0.014), 21.00, 21.0, 0.0018

|: 1. 0.0, 0.00, 0.0, 0.0018

. 26, (0.183), 33.48, 870.0. 0.0383

/c: o, . (0.en, 3.8, 200.2, 0.1313

Nead: No143, TOL- 1869, Mean=11.68. (0.409) - 20.  (0.141), 22.10, aar.0, 0.0208

o S, (0.0e), 3.83. 3s.0. 0.0088

i 1. 10.007), 14.00, 14.0, 0.0015

» 12, (0.182), 43.83, 826.0, 0.0177

ﬁ.: 47, (0.838), 1717, 907.0, 0.0003

‘ :'.':::‘-71.;:-"8::.“;9,&-'"'~ Leg: N:74, TOL*1909, Mesn28.80, (0.213) - e, {0.108), 99.00, $82.0, 0.0118

§ . 5. (0.088), 1.80, .0, 0.0074

5 2. (0.027), 8.00. 18.0, 0.0029_

xey » 1. 10.111),  130.00, 130.0, 0.0018

" Ne. of lost time accidents 4:: 4 (0.444), 18.80, e2.0, 0.0080
oL Total days ioet Meltipie: N=9, TOL*309, Mean-20.89, (0.020) - . tossa, 2200, Y oc0es

[} Prodadity that this sepment -

wit ecavr k f._0.110, _ 11.00. 11.0, 0.0018

Meon Av days lest e 4. (0.800), 478, 19.0, 0.008%
te o ey Sers ent ter s Neck: NeS. TOL:24, Meanss.80, (0.014) - 1, (0.200), 3.00, 5.0, 0.0015
e pr. Diskabiy thet tne oetie » 7. _(0.189), 3143 2200, 00103

ﬁ : 26, _(0.891), 1198, 2809, 0.0203
Teunh: W44, TOLST11, Meons18.16, (0.127) . _ {0023, 0.00, 0.0, 0.0018

L] Sroak [

< Cut - 1

L) Muitiple =7
: v - 4. (0.081), $.00, 38.0 0.0089
N Teor t: 10.139), 27.80. 108.0, 0.0008

struck-by accidents involve the head. The
greatest probability in this sequence involves
a cut to the head and results in few lost days.
Breaks and multiple injuries to the head re-
gion involve a lower probability but greater
lost days. Other high-risk sequences involv-
ing a struck-by injury are cuts to the arm,

Summer 1988/Volume 19/Number 2

leg, and trunk. Generally, in those instances
where a sequence involves a large number of
lost days, the probability of the event’s oc-
curring is low. For example, breaks to multi-
ple body parts result in 130 average lost
days. However, there was only one accident
of this sort over the 6-year period.



Exertion injuries occur about one third of
the time in pry bar accidents. However, this
event results in the greatest number of aver-
age lost days (29.29). The vast majority of
the injuries occurred to the trunk and in-
volved tearing injuries. This sequence re-
sulted in an average of 28.24 lost days. In
fact, this sequence involved the greatest
probability event during pry bar use. If an
accident occurred with the pry bar, there
was about a 27% probability that this se-
quence would occur. This is significant,
considering that the next greatest probabili-
ty event involved a struck-by accident to the
head with a 13% probability.

Hammer and axe (hammer/axe) accidents
were responsible for about 12.5% of all lost-
day hand tool injuries. Figure 4 shows the
sequence of injury-component events that
occur with these tools. This figure also
shows that most injuries were due to exer-
tion and struck-by accidents. Struck-by ac-
cidents have the greatest probability of oc-
currence (83.5%), with an average of 8.51
lost days. Of the struck-by accidents, most
injuries occur to the arm (78%) and involve
primarily breaks and cuts. Of these high-
probability events, breaks result in a greater
number of lost days. Many of these acci-
dents involve injuries to the hand and
fingers.

Exertion injuries involving the ham-
mer/axe occur in only about 11% of the
cases, but have a much higher number of
lost days associated with them (22.65) com-
pared to struck-by injuries (8.51). As with
other types of exertion injuries observed,
most involve the trunk (73.4% probability)
and result in tears. This sequence occurs al-
most 8% of the time and results in an aver-
age of 24.13 lost days.

The final tool that will be discussed in
this study is the pneumatic drill. This device
is responsible for almost 11% of the lost days
attributable to hand tool accidents. The tree
diagram describing the sequence of injury-
component events with the pneumatic drill
is shown in Figure 5. The major risks asso-
ciated with this tool involve caught, struck-
by, and exertion injuries. Caught injuries
occur 16.6% of the time and predominantly
involve the arm. Of these injuries. breaks
and cuts occur most often and result in an

80

average of 50.36 and 11.88 lost days,
respectively.

Struck-by accidents account for over 60%
of pneumatic drill injuries and involve the
arm, head, or leg equally as often (22% to
27% of the time). For these three body
parts, breaks and cuts are most predomi-
nant and involve a majority of the lost
days.

Exertion injuries are implicated in about
14% of all accidents with this tool. Over
70% of these accidents involve the trunk,
and most of these trunk exertions (88.9%)
result in tear injuries. This sequence result-
ed in the greatest number of average lost
days (27.31) among the frequently occur-
ring sequences.

DISCUSSION -

The severity of the injuries due to hand
tool use can be summarized by observing
the injury components that are responsible
for most of the lost time over all 6 years.
This information is presented in two ways.
First, Table 2 ranks the days lost associated
with the various tools and the type of injury
reported. This table indicates that struck-by
and exertion are the predominant forms of
injury in coal mining. In fact, the 10 tool-
and-injury combinations listed in the table
account for over 82% of all lost days due to
hand tool use. This table also indicates that
over 40% of the lost days are due to the use
of the jack and scaling bar alone.

Second, Figure 6 indicates the major
components of injuries stemming from the
use of coal mining hand tools. This figure
also supports the hypothesis that the pre-
dominant types of injuries for all tools are
struck-by and exertion injuries. When this
figure is considered in conjunction with F ig-
ures 1 through 5, the sequences of injury
components associated with the greatest
risks of injury become apparent. It appears
that the greatest number of lost days occurs
in exertion injuries that are associated with
the trunk. The other major category of lost
days is related to struck-by injuries. Struck-
by accidents usually involve the arm, leg,
head, or trunk.

These major-risk sequences of injury com-
ponents were further examined through the

Journal of Safety Research
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FIGURE 5 * - -
[ 38, 0.38. 14100,
PNEUMATIC DRILL USE RISK SEQUENCES - 1es.  _ ersr _esrae
Ay 400, TOL:20D), Mosas: - 010, 18, .00
o 1.00, 1. esevy
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» 1. (0.091), 10808, 1080, aser §
[ (R Y 118 ..00, .0 [y
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2 3. 310, c.0008 4
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2, (0.800) 20.00, %890,
1. 19.100), 81.00, 810,
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uncontrollable forces are not permitted.
Force governors can be incorporated into
tools for this purpose.

On-site observations and task analyses
have suggested the hypothesis that when a
worker is struck by a rock while using a scal-
ing bar he usually is working with the tool
at such an angle that his body is underneath
the work area or the falling rock is out of his
perceptual range. Proper design of the tool
and proper use can minimize the risk asso-
ciated with this injury sequence. Further re-
search has been conducted at The Ohio
State University to experimentally evaluate
these factors.

Hypotheses based upon task analyses have
also shown that most struck-by injuries in-
volving the hammer/axe are due to the tool’s
striking a person who is working in a con-
fined or awkward posture. The establish-
ment of a proper method for tool use could
potentially reduce the risk of this injury.

This data analysis has identified the ele-
ments of hand tool injuries in underground
coal mining. Similar research in other in.
dustries (Marras & Rockwell, 1986; Rock-
well & Marras, 1986) has shown that an
ergonomics approach to hand tool redesign
can reduce the risks of injury. This paper has
defined the problem, which is the first step
in ergonomic intervention. Future research
will empirically evaluate several of the sug-
gestions made here in an attempt to develop
more concrete means of intervention there-
by bringing the hand tool injury problems
under control.

In Part II, to be published in the next
issue of the Journal of Safety Research, the

authors describe the components of injury
in the underground metal-nonmetal mining
industry where the tools and environment
are quite different.
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