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Aims: This study evaluated manual drilling to identify high-risk activities and quantify the
risks of muscle fatigue and cumulative low back injury.

Method and Materials: This descriptive study involved direct observation of a full work
shift. Three tools were used, including Hierarchical Task Analysis (HTA) to deconstruct and
time tasks, Muscle Fatigue Assessment (MFA) to identify high-risk body parts, and the
Lifting Fatigue Failure Tool (LIFFT) to calculate cumulative damage to the low back from

lifting tasks.

Findings: The HTA revealed that the drilling the wall task was the most time-consuming,
accounting for 50% of the total shift time. The MFA results identified this task as posing a
very high risk to the shoulders and back, and a high risk to the wrists/hands/fingers. The
LIFFT analysis yielded a cumulative damage score of 0.09895, corresponding to an
estimated 67% probability of low back injury, classifying the job as high-risk. The tasks of
drilling and moving tools contributed to over 99% of the total cumulative damage.

Conclusion: Manual drilling is a high-risk occupation with significant ergonomic hazards
for the shoulder, back, and upper limbs. The alignment of these results with
epidemiological data validates the assessment. Targeted interventions to reduce
biomechanical loading are strongly recommended to mitigate the high risk of

musculoskeletal disorders.
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Introduction
Work-Related Musculoskeletal
Disorders (WMSDs) represent

a primary occupational health
challenge in physically demanding
industries worldwide, including
mining. These disorders are a
leading cause of work-related
illness and are responsible for
high costs dueto reduced
productivity and employee health
issues [1-3]. In mining, workers are
frequently exposed to a
combination of risk factors such
as repetitive tasks, awkward
postures, and high physical
workloads, all of which
contribute to the prevalence of
WMSDs [ 5. A comprehensive
systematic review and meta-
analysis on the prevalence
of WRMSDs among miners
identified the upper back as the
most commonly affected body
region, with a prevalence
of 50.39%, followed by the neck
(29.75%) and shoulders (29.72%)
(51 This  high  prevalence
highlights the hazardous nature

of mining tasks.

A key factor contributing to the
development of WMSDs is muscle
fatigue, resulting from reduced
metabolic and neuromuscular
function, making it challenging to
sustain muscle contraction over
time [6l. Fatigue can reduce
muscle strength, cause pain and
discomfort, and, in the long term,
increase  the likelihood of
cumulative trauma disorders. In
fact, recent evidence suggests
that WMSDs may result from a
fatigue failure process, in which
cumulative tissue damage is a
function of both the magnitude
of the load and the number of
repetitions [7l.  This makes
assessing fatigue a critical
component of ergonomic analysis
in high-risk occupations.

To systematically analyze and
mitigate these risks, several
ergonomic assessment tools have
been developed. Hierarchical
Task Analysis (HTA) was initially
devised by Annett and Duncan in
1967 as a method for deconstructing
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a job into a hierarchy of goals and operations,
providing a structured framework for
understanding task demands(8-101,

For assessing muscle fatigue, the Muscle
Fatigue Assessment (MFA) method, developed
by Rodgers in 1978, is a functional job
evaluation technique that considers three key
variables: level of effort, duration of effort,
and frequency of effort across different body
parts [1L 12l Previous studies have widely
applied the MFA method to evaluate the risk
of WRMSDs in various occupations, including
workers in the transportation department
of the brick factory [13], workers in a
household manufacturing company [14, and
assembly-line operators [15], demonstrating
its practicality in identifying high-risk
body regions and prioritizing ergonomic
interventions. The validity and reliability of
this method have been confirmed [1¢l. For a
more in-depth analysis of lifting tasks, the
Lifting Fatigue Failure Tool (LIFFT) was
developed based on fatigue failure theory that
has been validated [171. This method calculates
a daily dose of cumulative loading on the low
back using only three variables: the load
weight, the horizontal distance from the spine,
and the number of repetitions. This study
aims to provide a descriptive ergonomic
evaluation of the manual drilling task in an
underground copper mine using HTA, MFA,
and LIFFT to identify high-risk activities and
quantify the risk of muscle fatigue and
cumulative injury.

Method and Materials

This study utilized a multi-step ergonomic
assessment approach based on direct
observation and analysis of the tasks
performed by all 10 manual drillers over a full
work shift in an underground copper mine.
This group represented the entire population
of manual drillers employed at this specific
site. Given that the study's objective was a
comprehensive, descriptive analysis of this
high-risk job, assessing the complete
population was deemed the most appropriate
and thorough method.

This descriptive study used a multi-step
ergonomic assessment based on HTA, with
direct observation and analysis of a manual
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driller's tasks over a full work shift in an
underground copper mine.

A systematic approach was adopted to select
the risk assessment tools, following
the framework of the American Industrial
Hygiene Association (AIHA) Ergonomics
Assessment Toolkit [18l. An initial assessment
was conducted to confirm the presence of risk.
Subsequently, based on the identified primary
risk factors, more detailed and specific risk
analysis tools were selected.

Rodgers' MFA was utilized as a screening tool
to evaluate the risk of muscle fatigue. This
functional job evaluation technique assesses
three main variables across different body
regions: effort level, duration of effort, and
frequency of effort. The combination of scores
for these variables yields a priority level for
corrective action (Low, Medium, High, or Very
High).

For a more in-depth analysis of tasks
involving manual lifting, the LIFFT was used
to assess the risk of lower back injury. This
tool, based on fatigue failure theory, calculates
a Cumulative Damage (CD) value by
accounting for the load's weight, the
horizontal distance from the spine, and the
number of lifts performed. The resulting CD
score indicates a probabilistic risk of
developing a low back disorder.

Findings

The HTA of the driller's job identified a
sequence of primary tasks. The overall goal
was to "Perform Drilling Job in Underground
Copper Mine" (Goal 0). The operational plan
follows a general sequence of tasks, with
conditional steps for equipment repair. The
main functions and their average durations
are detailed in Figure 1.

The analysis of task duration shows that
drilling the wall consumes 50% of the total
shift time and approximately 63% of the
productive work time, as shown in Table 1.
This makes it the most critical task from an
exposure standpoint.

The MFA was conducted on the most
physically demanding tasks identified during
the observation. The results, summarized in
Error! Reference source not found., show the
Effort Level (EL), continuous Effort Duration
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(ED), and Effort Frequency (EF) scores, along action.

with the final priority level for corrective
Plan 2: do 2.1; If the

ventilation duct needs repair,
then 2.2 - 2.2.1 - 2.2.2 - 2.2.3

1

1. Walking to/from the worksite

2.1. start the ventilation fan 2.2.1. find the tear in the duct
2. setting up the ventilation
system
2.2. reapair the ventilation duct 2.2.2, patch the tear
2.2.3. secure the duct
3.1. gather tools
Plan 3: do 3.1
| 3. Preparing drilling equipment 3.2. Carry jackhammer to the mine face (50 meters) - 3d-2 -33in
order
4. Scaling walls and shoveling .
debris 3.3. collect drill rods |
5.1. Connecting the water and air hose to the device
5.2. Wrapping the wire around the hose connection Plan 5: do 5.1
} ) to the device using pliers -5.2-53-54
— 5. Preparing the jackhammer in order

5.3. Connecting the device stand and Chisel |

5.4. Manually opening the air and water valve |

6.1. position the jackhammer

6.2. drill the hole | Plan 6: do 6.1 - 6.2
—I 6. Drilling the wall -6.3 - 6.4 in order
5 6.3. retract the drill rod |
=]
=
a = 6.4. reposition for the next hole |
S
-I 7.1. diagnose the issue |
Plan 7: do 7.1 - 7.2 -
7.3 If oil level is low,
—I 7.2. disassemble the necessary part then 7.4 - 7.5 in order
Plan0:do1-2- i i
3-4-5-6in | 7. Reparing tl!e_]ackhammer = 7.3. check the oil level 7.4.1. open the oil reservior
N (conditional)
order; if
jackhammer . . B
needs repair, 7.4. refill the oil 7.4.2. pour the oil
then7-8-9-
10-11 hi s h i
_I 7.5.1 the jackl | 7.4.3. close the reservior |

8.1. disconnect hoses

_l 8. end of drilling |—

8.2. remove the drill rod Plan 8: do 8.1 -

8.2 in order
9.1. insert the blowpipe
9.2. connect the compressed air hose
9. Draining water from Plan 9: do 9.1 -
holes
9.3. blow out water and debris order

9.4. disconnect the hose

10.1. gather all tools

10.2. carry tools to container Plan 10: do 10.1
-10.2 - 10.3 -

10.4 in order

10. Moving equipment |—

11. Walking back from the

: 10.3. move container to a safe location
worksite

~r 1 1 T "1 [ "1

| 9.2-93-94in

Figure 1) Driller Hierarchical Task Analysis (HTA).
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Table 1) Description and Duration of Tasks for a Manual Driller's Shift

Task Duration Percentage (%) of Duration for Photo
(minutes) each task
Walking 60 (30 each way) 60 (12.5)
(to and from the worksite)
Setting up ventilation 20 20 (4.2)
Preparing drilling tools 10 10 (2.1)
Scaling and shoveling 18 18 (3.7)
Preparing the jackhammer 15 15 (3.1)
Drilling the wall 240 240 (50)
End of drilling 2 2(04)
Draining water from holes 7 7 (1.5)
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Repairing the jackhammer 9 9(1.9)
Moving equipment 2 2(04)
Other 97 97 (20.2)
Total productive Time 383 383(79.8)
Total shift Time 480 480 (100)

Table 2) Muscle Fatigue Assessment scores and priority levels for key drilling tasks

Neck Shoulder Back Arms/El ersts/Hands/ s Mees Ankle/Foot
bows Fingers /Toes
Task
EL ED,EF  EL ED, ELED,  EL ED, EL ED,EF  EL ED, EF
() EF(P) EF(p)  EF(p) W EDER(R) () ()

Drilling the 3,4,2 2,4,2
wall 1,1,1 (L) (VH) (VH) 1,1,2(L) 223 (H) 1,1,1 (L) 1,1,1 (L)
Scaling 2,1,2 (L) 11,1(L) 1L,L1(L) 213(M) 21,3 (M) 1,1,1 (L) 1,1,1 (L)
Shoveling  1,1,1 (L) 313(H) 311(L) 223(H) 21,3 M) 2,1,3 (M) 2,1,3 (M)
fgsl‘;a““g 1,1,1 (L) 31,1(L) 31L1(L) 21,1(L) 1,1,1(L) 3,1,1 (L) 3,1,1 (L)
Preparing
ackhammer 102 (1) 222M) 212(L) 212() 21,3 (M) 2,1,1 (L) 2,1,1 (L)
Repairing
ackhammer 1 (1) 222M) 212(L) 212(L) 21,2(M) 2,1,1 (L) 2,1,1 (L)

EL= Effort Level, ED= Continuous Effort Duration, EF= Effort Frequency, P=Overall Priority

L: low; M: moderate; H: High; VH: Very High

Note: The scores represent the typical demands observed for each standardized task, which are applicable to the entire
assessed population of drillers (N=10)

Several tasks during the driller's shift involve LIFFT analysis are shown in Error! Reference
manual lifting of heavy or awkward objects. source not found.. The tool calculates the
These tasks were identified and analyzed cumulative damage from each lifting activity
using the LIFFT tool (Error! Reference source and sums them to provide a total daily
not found.). The inputs and outputs of the damage score and an estimated risk of injury.

Table 3) LIFFT Risk Assessment Results

Task Lever Arm Load (N) Moment (N - Repetitions Cumulative % Total
(cm) m) (per shift) Damage Damage
Drilling the wall 95 250 237.4 4 0.04972 50.2
Shoveling 120 50 59.98 20 0.0003 0.3
Scaling 65 50 32.49 4 0.00002 0.0
Moving and 85 300 254.89 2 0.04891 49.4
Preparing Tools
Total Cumulative Damage: 0.09895 100%
Probability of High-Risk Job* (%): 66.7

* “High Risk Job” is defined as a job experiencing 12+ injuries per 200,000 hours worked, as defined by Marras
etal [19].

The final cumulative damage score of 0.09895 high-risk for cumulative low back disorders.
corresponds to an estimated injury risk of The tasks of drilling the wall and moving and
approximately 67%, classifying the job as preparing tools are the primary contributors,
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accounting for over 99% of the total
cumulative damage to the lower back.
Discussion

This ergonomic assessment of manual drilling
in an underground mine utilized HTA, MFA,
and LIFFT to analyze risks. According to the
HTA assessment, the primary drilling task
consumes the majority of the shift, resulting in
prolonged exposure. The MFA flagged the
shoulder and back as very high-risk regions.
The LIFFT analysis further reinforces these
findings by quantifying the cumulative load on
the lower back. The high cumulative damage
score (~67% injury probability) is largely
driven by the lifting of the heavy jackhammer
during drilling and equipment transport. This
demonstrates that even tasks with a low
number of repetitions can contribute
significantly to cumulative damage if the load
and posture (horizontal distance) are
substantial. The fact that two separate
assessment methods (MFA and LIFFT) both
identified the drilling and associated material-
handling tasks as high-risk provides strong
evidence of the hazardous nature of this job.
When comparing with published prevalence
data in mining drillers, the pattern is
strikingly similar. For example, meta-analytic
surveys of mine workers report that back pain
is by far the most common complaint (with
upper-back pain prevalence on the order of
50% [31), and shoulder/neck disorders are also
highly prevalent. Notably, occupational
exposure to heavy vibration (characteristic of
pneumatic and hydraulic drilling) is well-
known to be associated with shoulder and
neck musculoskeletal disorders 20, and our
analysis similarly flags the shoulder region as
high-risk. Likewise, hand-arm vibration
hazards in drilling are linked to wrist/hand
disorders, consistent with our finding of
elevated risk in those body regions.
Importantly, drillers themselves have been
identified as a mining subgroup with
exceptionally high MSD incidence. A long-term
cohort study found that drillers had the
highest rate of WRMSDs among all
underground mine trades [?1.  This
consonance suggests that the high-risk zones
predicted by our ergonomic analyses
correspond to the body regions where drillers
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commonly experience pain or injury in real
work settings.

This comparative exercise underscores the
utility of coupling ergonomic risk assessment
with epidemiological benchmarking. It has
been argued that when predicted risk zones
overlap with high-prevalence pain sites,
confidence in the assessment outcome is
strengthened. Our findings suggest that
preventive strategies (e.g., redesign of drilling
posture, mechanical supports, vibration
damping, rotation schedules) should most
critically address shoulder, back, and wrist
loading in drillers. Future work should expand
the sample size, include real-time force and
vibration = measurements, and, ideally,
correlate predicted risk with longitudinal
monitoring of musculoskeletal symptoms in
drilling crews.

Conclusion

In conclusion, this study's multi-method
ergonomic assessment (MFA and LIFFT)
identified manual drilling as a high-risk job,
flagging the shoulder, back, and upper-limb
(wrist/hand) regions as critical risk zones.
This was primarily driven by the prolonged
duration (50% of the shift) and the high-force
nature of the main drilling task, resulting in a
high probability of cumulative low back injury
(67%). These findings are strongly
validated by their direct concordance with
epidemiological reports of miner pain
prevalence. This alignment between our
predicted risks and observed injury patterns
confirms that targeted interventions to
reduce biomechanical loading on the spine,
shoulders, and wrists are strongly warranted.
Future research using direct measurements is
needed to solidify these predictive links.
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