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he primary components of
muscular fitness are:

• Strength
• Muscular endurance
• Flexibility.

All three contribute to work capacity.
Other aspects of muscular fitness,
such as power and agility, are
associated with success in sport. We’ll
focus on how strength, endurance, and
flexibility aid work capacity while
lowering the risk of overuse and other
job-related injuries.

Some jobs require more muscular
fitness than others. Our studies have
shown that muscular fitness is highly
related to performance of the tasks
involved in wildland firefighting.
Firefighters with more strength and
muscular endurance are better able to
carry the loads and use the tools than
those with lower levels. Muscular
fitness protects against lower back
injuries and other overuse injuries
common in field work. And muscular
fitness helps workers avoid the
accidents and hazards found in
dangerous environments, such as the
fireline. Muscular fitness also
contributes to everyday life, allowing
one to perform daily tasks with vigor,
and with a greater margin of safety.

Today we know that muscular fitness
is an essential part of the total health
and fitness program. It:

• Maintains the muscle mass
needed to burn fat

• Maintains weight control

• Maintains bone density and
reduces the risk of crippling
osteoporosis

• Prevents or reduces the risk of
lower back injuries and other
injuries

• Maintains performance, mobility,
and independence well into the
retirement years.

T
Chapter 3—Muscular Fitness and Work Capacity

T



Chapter 3—Muscular Fitness and Work Capacity

20

Figure 3.1—Relationship of strength and
   aerobic fitness to work rate .
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How Much?
How much strength do you
need? For prolonged work,
strength should be at least five
times greater than the load
encountered on the job.
Stated another way, the load
shouldn’t exceed 20% of
maximal strength. For
example, to wield a loaded
shovel (10 pounds) for an
extended period, the worker
should possess about 50
pounds of strength in the
muscles used. Once that level
of strength is achieved, work
capacity can be further
enhanced by improving
strength, muscular endurance,
aerobic fitness, and skill
(efficiency).

Muscular fitness has emerged as a
mainstay of comprehensive employee
health (wellness) programs, and as
one of the keys to an active, vigorous,
independent life.

Muscular Strength

Strength is defined as the maximal
weight that can be lifted by a specific
muscle group. Strength is highly
related to the cross-sectional area of
the muscle. While it is influenced by
heredity, strength is very responsive to
the effects of training. Strength
declines slowly with age, especially
when muscles are used regularly, and
strength training yields results
regardless of age. The average
woman has about half the arm and
shoulder strength and three-fourths the
leg strength of the average man. Part
of this difference can be attributed to
the difference in body weight. When
strength is expressed per unit of body
weight the differences are reduced.
Workers who need additional strength
can safely engage in strength training
to improve their ability to carry out field
tasks. Women can reduce the
“strength gap” by engaging in a
systematic weight training program.

Strength is the primary factor limiting
work capacity when heavy lifting is
involved, when using heavy tools, or
when heavy loads must be
transported. For repeated lifting, as in
work with hand tools, or when
moderate loads are involved, strength,
muscular endurance, and aerobic
fitness combine to set limits on work
capacity. Figure 3.1 illustrates how
muscular and aerobic fitness interact.
The curves on the figure show
combinations of work rate, load, and
aerobic fitness that can be sustained
for prolonged work shifts.

Fit workers (55 mL/kg • min) can

sustain a higher work rate. For
stronger individuals a given work load
constitutes a lower percentage of their
maximum strength, allowing improved
performance. The ideal combination
involves above-average strength and
aerobic fitness. For example, a worker
with a VO2 max of 55 and sufficient

strength that a loaded shovel
constitutes 20% of maximal strength,
will be able to sustain a work rate
greater than 10 contractions per
minute. A worker with a VO2 max
score of 45, for whom the load
constitutes 50% of maximum strength,
will be able to sustain less than half
that rate. Field studies of wildland
firefighters verify these predictions.

Some workers may have high levels of
aerobic fitness but relatively low
muscular strength. They may
compensate by lifting a lighter load
more often. Similarly, strong workers
compensate for low aerobic fitness by
lifting heavier loads at a slower rate.
Skillful workers use less energy to
accomplish a task. The best production
rates are accomplished by workers
who possess above-average strength
and muscular endurance, along with
aerobic fitness, skill, efficiency, and
experience.

Muscular
Endurance
Endurance is an essential component
of work capacity. It implies the ability to
persist, and is measured by the
muscle’s ability to lift a load
repetitively. In many field tasks,
repetitive work with handtools is the
name of the game. Training improves
muscular endurance by improving the
aerobic energy capabilities of the
muscles used. Training enhances the
aerobic enzymes and capillary supply
of specific muscle fibers. Training to
improve work capacity must be specific
to the task and muscles used.

Most work tasks require more
endurance than strength. Once an
individual has the strength needed to
accomplish a task, training should
focus on endurance. Endurance is
developed with training that
emphasizes repetitions. You’ll find
training prescriptions later in this
chapter.
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Training Percent Times/
goal max RM* Sets week

 Strength 70-90 8-12 3 3

 Endurance
  (Short term) 50-70 15-25 3 3
  (Long term) 30-50 30+ 2 3

*Repetitions maximum

Table 3.1—Prescriptions for strength
   and endurance .

Flexibility

Flexibility is the range of motion
through which the limbs are able to
move. Skin, connective tissue, and
conditions within joints restrict this
range. Injuries occur when a limb is
forced beyond its normal range.
Improved flexibility can reduce the
potential for injury. Flexibility is
important for success in work and
sport. While excessive flexibility isn’t
necessary, a certain amount assists
the worker in getting over, under, and
around obstacles, and lessens the risk
of injury in most forms of vigorous
activity.

Range of motion increases when joints
and muscles are warm, so do some
general physical activity before
stretching. A few minutes of stretching
before work or sport improves flexibility
and performance, reduces soreness,
and lowers the risk of injury. Stretching
won’t prevent muscle soreness, but it
does help reduce soreness. Use gentle
stretching movements, avoiding
vigorous bobbing, which tightens
muscle as it invokes a reflex
contraction in the muscle you are
trying to stretch. Contracting the
muscles briefly before a stretch allows
more complete relaxation and a better
stretch.

Stretching is important to maintain the
range of motion during training. Lack of
flexibility in the back and hamstring
muscles contributes to lower back
problems. Stretching may reduce the
risk of repetitive trauma injuries.
Attention to flexibility must be a lifelong
pursuit if you are to maintain range of
motion, and avoid lower back and
other problems.

Other Components
of Muscular
Fitness

Agility  is the ability to change direction
rapidly. It depends on speed, strength,
and balance. Agility is important on the
job to avoid injury in unpredictable
working conditions, such as wildland
firefighting. Agility is task specific and
can be improved with practice and
experience. Being overweight hinders
agility, as does fatigue. Aerobic and
muscular fitness are important to main-
tain agility throughout the workshift.

Balance  is the ability to maintain
equilibrium in field conditions, such as
when walking on a log to cross a
stream. Balance depends on the
body’s ability to integrate visual input
with sensory information from the inner
ear and other receptors. Balance can
be improved by participating in a wide
range of movement tasks and with
specific field experiences.

Power  is a combination of strength
and speed that is highly related to
success in some sports. It is
developed by doing resisted
movements as fast as possible. The
training carries a risk of injury if not
done properly and with adequate
preparation. Power is not essential for
success in work.

Speed  is a function of fast-twitch
muscle fibers and biomechanical
factors. While the potential for speed is
inherited, it can be increased with
specific training. Speed is not an
essential component of prolonged
work. In such work, fitness, strength,
and pacing determine success.

Skill  is the ability to perform a specific
task efficiently. Ability in tennis doesn’t
ensure success in badminton, squash,
or racketball. Each skill must be
learned individually; skill isn’t as easily
transferred as was once thought. Skill
is an important factor in work capacity.
Skilled workers perform efficiently; they
don’t waste movement or energy. A

skilled worker often can outperform a
fit worker who lacks skill. The skills
required to work safely and efficiently
with tools such as the pulaski, combi,
and shovel are not complex. With good
instruction most workers can reach a
satisfactory level of performance. It
takes more time to become proficient
with an ax or chain saw.

Muscular Fitness
Prescriptions

Muscular fitness can be developed
with calisthenics, free weights, weight
machines, or a combination of all
three. You build stronger muscles
when the prescription is followed,
regardless of the way you train.
Strength is developed by lifting loads
that exceed 70% of your maximal
strength—as many times as possible,
a concept called repetitions maximum
(RM). Endurance is developed when a
lighter load (less than 70% of your
maximal load) is lifted repeatedly.
Table 3.1 summarizes training
prescriptions for strength and
endurance.

As you can see, I’ve divided muscular
endurance into components, short
term (anaerobic) and long term. Short-
term endurance covers a period of 3 to
5 minutes, while long-term endurance
is for the long haul. Workers need
some of both forms of endurance, to
work hard for short periods and to go
the distance.
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Advanced Strength Training
Serious lifters do several things to achieve higher goals:

• Use a split program with upper body exercise on MWF
  (Mondays, Wednesdays, and Fridays) and lower body on
  TThS (Tuesdays, Thursdays, and Saturdays)

• Increase sets to five or more

• Use several exercises for the same muscle group
• Use 4-week training cycles

Cycle 1: 10 to 20 reps, low resistance—for hypertrophy

Cycle 2: 2 to 6 reps, medium resistance—for strength

Cycle 3: 2 to 3 reps, high resistance—for added strength

Cycle 4: 1 to 3 reps, very high resistance—peaking phase

• Train for months or years.

However, this level of commitment isn’t a necessity. Most
workers will be able to achieve work-related strength goals in 8
to 12 weeks of training.

Muscle Soreness
The delayed onset muscle sore-
ness (DOMS) that occurs about
24 hours after your first exposure
to vigorous effort may be due to
microscopic tears in the muscle
membrane or tissue. The sore-
ness peaks several days after the
first day of activity, then dimin-
ishes slowly thereafter. It can re-
duce strength and influence per-
formance for 1 or 2 weeks. It is
accompanied by swelling and
leakage of enzymes from the
muscle, but is not associated with
the accumulation of lactic acid,
which is gone within an hour of
exercise. Soreness is more likely
after eccentric exercise, where
the contracting muscle is
stretched (lowering weights,
downhill running). It can be mini-
mized with a gradual transition to
weight lifting, starting with light
weights. Some relief from sore-
ness can be achieved with static
stretching of the affected muscles
and the use of an anti-inflamma-
tory drug. Soreness only occurs
when you begin a new activity,
but it may reoccur if you lay off for
many weeks or start new lifts with
new muscle groups.

Strength Training
Create a reasonable list of exercises (8
to 10 exercises) that will help you meet
your training goals. During the first 2
weeks of training, select a somewhat
lighter load and use fewer sets of
exercise to minimize muscle soreness
and avoid injury. To follow the strength
prescription, select a weight you can
lift six to eight times. Train with that
weight until you can do at least 12 reps
(repetitions) in all three sets, then raise
the weight. After 8 weeks you should
alter the program to suit your goals:
use more weight and fewer reps for
strength, less weight and more reps for
endurance, different lifts, and so forth.
Weight lifters often divide their

program into 4-week cycles, changing
training emphases and lifts
systematically to achieve their goals
and avoid boredom. As the field
season approaches you should select
lifts specific to the job and do more
endurance training.

Strength improves during the first
weeks of training by neuromuscular
adjustments, including better
recruitment of muscle fibers and
diminished inhibitions. Thereafter,
improvements in strength are due to
increases in contractile protein and
connective tissue, which increase the
girth (cross-sectional area) of the
muscle. Follow the strength training
prescription and you’re certain to
improve 1 to 3% per week. Previously
sedentary individuals may increase as
much as 50% after several months of
training. The rate of increase will begin
to plateau after 8 to 12 weeks. You can
maintain a level of strength by using
the muscles during work, or by
scheduling one or two weekly sessions
with weights or calisthenics. You can
continue to improve by adopting
advanced training techniques.

Endurance Training

Develop short-term (anaerobic)
endurance by lifting moderately heavy
weights for 15 to 25 repetitions. Select
a weight you can lift just 15 times, and
train until you can do three sets with 25
repetitions, then add weight. Short-
term endurance training builds some
strength and anaerobic endurance.
Long-term endurance is developed
with more repetitions. Long-term
endurance training doesn’t build
strength, but it certainly improves the
ability to sustain contractions. As you
approach the field season, training
should focus on endurance and the
development of job-specific muscle
groups. The best planned training
integrates actual tool use to ensure
specificity and work hardening.

Unlike strength, muscle endurance is
extremely trainable. In one study a
subject who could do 50 repetitions
with a 25-pound weight before training,
was able to do over 2,000 repetitions
after 8 weeks of training. That is why I
emphasize the importance of
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Guidelines
Follow these guidelines for all
weight (resistance) training:

• Warm up and stretch
before lifting

• Always work with a
partner who can assist
(spot) with heavy
weights

• Never hold your breath
during a lift; exhale
during the lift

• Keep records of
weights, reps, sets,
body weight, and other
pertinent information

• Alternate muscle
groups and allow
recovery between sets

• Balance your training
(train opposing
muscles such as the
hamstrings and
quadriceps)

• Seek advice from a
qualified professional.

endurance for work capacity. Anyone
can swing a tool 20 to 30 times, but 20
swings per minute for 8 hours adds up
to over 8,000 swings. That takes
endurance.

Calisthenics
While most resistance training is done
with free weights or weight machines,
calisthenics may be used to improve
strength or endurance, provided the
prescription is followed. Do exercises
like chinups where difficulty limits
repetitions, allowing them to increase
strength. Do pushups, situps and other
exercises to increase endurance. Or
you can do partner-resisted
(counterforce) exercises to build
strength. For example, have your
partner press on your back as you do
pushups to get the resistance needed
to build strength.

Training Programs
Most of us train for aerobic and
muscular fitness at the same time,
combining the aerobic program with 3
days in the weight room (MWF).
Research has shown that individuals
can gain strength and aerobic fitness
in the same muscle group
simultaneously, although the strength
development may not be quite as
effective as with strength-only training.
For work capacity, where both strength
and aerobic fitness are important,
combined training makes good sense.
Keys to success include adequate
energy and nutrition in the diet and
sufficient rest. Rapid weight loss
combined with training could leave you
without the protein you need to build
muscle fibers for strength and aerobic
enzymes for endurance. See Chapter
4 for advice on nutrition.

Work Hardening
A year-round training program provides the base for specific training. As the
work season approaches, include task-specific strength and then muscular
endurance activities, and task-specific aerobic training. Training strengthens
muscles, ligaments, tendons, and connective tissue. Work hardening provides
specific protection for the muscles, ligaments, and tendons used on the job. In
addition, it toughens your hands and feet so you won’t be plagued by blisters
when the field season begins. Wear work boots to hike and to work, and use
tools to work-harden the hands. There is no substitute or short cut to work
hardening. Boots must be worn up and down hills, and on side hills. Tools must
be used as they are used on the job. Work hardening will minimize the delayed
onset muscle soreness that causes reduced production during the first weeks
of the season. All this effort pays off when you find yourself not just surviving
but excelling at your work—when you have the energy to meet job demands
plus a reserve to deal with unforeseen circumstances.


