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he link between muscle strengith and function-

ality in older persons is well established.12 In
fact, it has been argued that the functional limita-
tions seen in older individuals are contingent more
on strength than on cardiovascular performance.’
More recently, power, or the rate of doing work, has
gained prominence as a major factor associated with
maintaining independencets and reducing the prob-
ability of falls.¢ Some researchers have hypothesized
that the higher levels of disability seen in elderly
women, compared to elderly men, may be related ei-
ther to their lower capacity to produce power? or to
their lower power-to-body weight ratios.® Recogniz-
ing the link between power and functionality in se-
niors, a number of researchers have examined the
feasibility of applying high-speed power training
techniques to an older population. In this column,
we will examine the histologic and functional argu-
ments that favor such training and review studies
that have used high-speed training to develop power
in younger and older subjects, We will then present
our hypothetical modei for including strength and
power phases in a periodized training program. This
program is based on diagnostic assessment and is de-
signed to optimize results and allow continued train-
ing in older individuals through prescribed cycles of
training and recovery.

eﬁlstologyof}\glng Muscle

Sarcopenia, the loss of muscle cross-sectional area, is a
natural consequence of aging, increasing exponential-
ty after the age of 50. Most of the tissue loss is due (o
ant age-related reduction in the number of motor
units and their associated muscle fibers. An important
aspect of this loss, with regard to resistance training, is

that the loss primarify targets the faster-contracting,
type Ii fibers.»10 As muscle ages, a distinct shift occurs,
from a more heterogeneous to a more homogeneous
muscle fiber type distribution, favoring the clustering
of the slower, type I fibers.?

unctional Implications

The most obvicus consequence of age-related loss in
muscle cross-sectional area is a reduction in the
contractile force, or strength, of the muscle. Because
most of this loss occurs in type II fibers, contractile
speed is slowed, which contributes to the loss in
power seen with aging. Between the ages of 65 and
89, expiosive Jower Hmb extensor power declines at
3.5% per year, compared to a 1%-2% per vear de-
crease in strength.!) Additionally, maximal anaero-
bic power has been reported to decline 8.3% per
decade, from age 20-70.12 Such power losses have
been linked to reduced functional capacity, s in-
creased risk of falls,% and longer periods of rehabili-
tation after injury.13

; wlé'ﬁff()r .Tf@il_lil_ig- Speed

Resistanice training can improve power in older in-
dividualsii-16; however, movement speed is an in-
portant training component if power development
is to be optimized. Findings presented at “Sarcope-
nia and Physical Performance in Old Age,” a multi-
disciplinary workshop convened by the National
institute on Aging, support this concept.’? Work-
shop participants noted that many activities of
daily living must be done guickly in reaction to
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Table. Functional Perfq;fmance Results for High-Speed, Low-Speed, and- Active-Assisted Stretching Programs =

ACTIVE-ASSISTED
STRETCHING

HIGH-SPEED
[SORINETIC TRANING

LOw-SPiED
[SOKINETIC TRAINING

MEANESEM MranESEM MEANISEM
(P VaLug) (P VALUE) (P VALLL)
Agility {s) ~1,2640.45 ~1.44+0.36 ~1.5040.24
(NS) {0.005) {0.0003}
Anaerchic power (W) 12.77+2.98 14.4046.09 16.91£3.88
(G005} (NS} (0.002)
Functional reach (cm) 1.42+1.23 6.9842.43 11.16+1.43
(NS) (NS) {0.0001}
ait speed (m/s) 0.84+0.11 .53+0.05 (.69+0.07
{0.0003) (0.0001) (0.0001)
Smail-object [ift (s) -1.524+0.42 -3.1440.61 -1.5040.39
(0.0 (0.001) (0.005)
Stand-up (s) ~1.06+0.48 ~-1.0240.61 -1.70£0.34
(NS) {NS) (©.001)

Data and p values represent changes within each group.

Data derived from Carme] et al.*!

external factors, thus establishing speed as a crucial
training prescription variable. Moreover, it has been
reported that movement velocity, rather than force
production, is the greater determinant of maximal
instantaneous muscle power in healthy older
wonien, 50-75 years of age.18 Researchers have
demonstrated that improvements in strengthi9.20
and power?! are specific to the speed at which the
individual trains. In addition, research concentrat-
ing on athletic performance has confirmed the im-
portance of high-speed, explosive movements in
maximizing power development,22-24

moldel’ Individuals

Some researchers have applied the principle of
speed-specificity to older individuals in an attempt
to address age-related decrements in both strength
and movement speed of the joint being trained.?5.26
They have aiso shown that high-speed resistance
training can be used effectively to target increases in
mechanical power ( Figure 1).27.28 Some questions re-
main concerning the impact of high-speed resis-
tance tralning on anaerobic muscle metabolism,29
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Figure 1. Changes in power (A) and torque (B) resulting from high-speed (HS) versus low-speed (L5) training

over a 12-week training period32
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Preliminary studies??-31 suggest that increasing me-
chanical power through high-speed resistance train-
ing, rather than appiying standard, low-speed
techniques, can be more effective in improving
many aspects of functional performance. However,
other’training techniques such as standard Jow-
speed lifting and stretching, may provide similar, if
not greater, improvements in everyday activities
such as smail-object lifting and gait speed, respec-
tively (Table).’t In addition, it appears that the effec-
tiveness of high-speed training on mechanical power
may be joint-specific. A recent study32 demonstrated
that high-speed training may be more effective for
the larger muscle groups associated with longer
skeletal levers {e.g., knee extensors), than for the
muscle groups with lower inherent contractile
speeds and shorter lever systems (e.g., plantar flexors
and dorsiflexors).

eriodization as a Prescriptive
ategy in Older Persons

It is well accepted that periods of recovery are neces-
sary during any training protocol if maximal benefit
is to be realized. The intensity of a recavery period
ranges from complete rest, as when one takes a va-
cation, to periods when training is reduced in order
to concentrate on another component of fifness.
For example, a higher-intensity resistance training
cycle may be followed by a lower-intensity cycle,
where the focus is on mobility or balance training.

WORK 'RECOVERY | WORK ! RECOVERY | WORK
Tissue i Hypertrophy Power
Adaptation | | @ | and Strength | | < "“@:J >
é i B i
f Balance | ! 1| Mobitity
i Training | : i and Agility | |
Flexibiifty training throughout the training program i
i
 Low Speed | Balance i Low Speed i Line, ladder | High Speed
30%-~— Y0% of  drifls: + 70% of 1RM and obstacle  :30%-50% of 1RM
IRM e idrills, variable |
i 2 isets :dynamics 1w 2o 1sets  isurface, chair | sets
8-12 reps locomation 8-12 reps _1and lateral 1 8127reps
Machines; | Machines: imovement U Machines: rods
stacks, rods i stacks, rods drills; 1 | or pneumatics;
pneumatics; ! | preumatics; i maintenance 1 rasistance
resistance : resistance iresistance | pands or
bands or bands or lubing | setweekif 1 wbing. Avcid
tubing : desired ! stack machines
-5-8 weeks i ~2-3 weeks i ~3-4 weeks =34 weeks | ~3-4 weeks
3 daysfwk 1 2-3 daysiwk | 2-3 daysiwk | 2-3 daysiwk | 2-3 daysiwk

Figure 2. A sarnple periodized training prescription fea-
turing specific work and recovery cycles
RMz=repitition maximum

These recovery periods are necessary because the
training stresses that induce positive adaptations
can also cause performance reductions due to fa-
tigue and tissue damage.33.3¢ To this end, peri-
odization programs providing specific periods of
overload (depletion), recovery (repletion), and
adaptation {supercompensation) have been de-
signed to maximize training.35 Moreover, in stud-
les examining resistance training, periodization
has proven more effective than the standard pro-
gressive resistance protocols commonly used to in-
crease strength and power.36.37 Figure 2 shows a
periodized prescription lasting about 6 months,
with a series of work and recovery cycles that
might be used to target neuromuscular improve-
ments and functional performance variables spe-
cific to older persons.

The need for periodization programs in older
individuals has been well demonstrated. In a year-
long study of resistance training in older individu-
als, Pyka et al.38 reported that after a period of
significant strength gain over the first 8 weeks of
training, no noteworthy gains were made across
the subsequent 1C¢ months of progressive yesis-
tance training. These data confirm the results re-
ported for younger individuals, showing that an
effective exercise prescription must incorporate
training cycles of specific fength that target
strength, speed, and power.3% However, to our
knowiedge, only our group has attempted to ascer-
tain the optimal length for cycles targeting specif-
ic needs of an older populaticn.?? Qur results
should be useful for the design of proper cycling
patterns during resistance training and related
functional performance training methods. We
found that a tissue adaptation period of at least 5
weeks is necessary to prepare healthy older indi-
viduals (aged 62-78 years) for high-intensity resis-
tance training. This period allows the muscle and
connective tissue to adapt slowly in preparation
for the stresses of resistance training, thus reduc-
ing the potential for injury resulting from ultra-
structural damage associated with lifting, The
adaptation period also allows enough time to
teach preoper lifting technigues and to determine
suitable training loads. Rather than risk the poten-
tial injury associated with the use of maximal lifts
to compute training loads, an adaptation period
allows a gradual increase based on a systematic
empirical change in resistance to establish an ini-
tial training load, We also noted that training cy-
cles of about 3-4 weeks appeared optimal for
power and strength training, whether the exercise
prescriptions used isokinetic (Figure 3A) or isoton-
e (Figure 3B) resistance training. The time re-
quired for power and strength training recovery
cycles appeared to be 2 and 4 weeks, respectively;
however, preliminary resuits from a recent study39

n
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