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Muscle performance
« Strength
 Power
 Endurance

Resistance exercise




Strength

Muscle strength is a broad term that refers to the ability of
contractile tissue to produce tension and a resultant force
based on the demands placed on the muscle.®*!%233 More
specifically, muscle strength is the greatest measurable
force that can be exerted by a muscle or muscle group to
overcome resistance during a single maximum effort.!”
Functional strength relates to the ability of the neuromus-
cular system to produce, reduce, or control forces, contem-
plated or imposed, during functional activities, in a
smooth, coordinated manner.**!? Insufficient muscular
strength can contribute to major functional losses of even
the most basic activities of daily living.

Strength training. The development of muscle strength
is an integral component of most rehabilitation or condi-
tioning programs for individuals of all ages and all ability
levels.®1220 Sprength training (strengthening exercise)

1s defined as a systematic procedure of a muscle or mus-
cle group lifting, lowering, or controlling heavy loads
(resistance) for a relatively low number of repetitions

or over a short period of time.*~%!%* The most common
adaptation to heavy resistance exercise is an increase in
the maximum force-producing capacity of muscle, that
s, an increase in muscle strength, primarily as the result
of neural adaptations and an increase in muscle fiber
size %121,193

Strength (swc co)

» Strc co 1a lyc 16n nhat
co thé do dwoc, dwoc
tao ra b&i co hay nhém
co dé vuot qua khang
Iire trong mot lan co
gang toi da duy nhat

Strengthening exercise

(bai tap manh co)
Heavy load (resistance)
Low number of
repititions

— Short period of time




Power

Muscle power, another aspect of muscle performance, is
related to the strength and speed of movement and is
defined as the work (force X distance) produced by a mus-
cle per unit of time (force X distance/time).!0-184.193.201,237
In other words, it is the rate of performing work. The rate
at which a muscle contracts and produces a resultant force
and the relationship of force and velocity are factors that
affect muscle power.3*2°! Because work can be produced
over a very brief or an extended period of time, power can
be expressed by either a single burst of high-intensity
activity (such as lifting a heavy piece of luggage onto an
overhead rack or performing a high jump) or by repeated
bursts of less intense muscle activity (such as climbing a
flight of stairs). The terms anaerobic power and aerobic
power, respectively, are sometimes used to differentiate
these two aspects of power.!?3237

Power training. Many motor skills in our lives are com-
posed of movements that are explosive and involve both
strength and speed. Therefore, re-establishing muscle
power may be an important priority in a rehabilitation pro-
gram. Muscle strength is a necessary foundation for devel-
oping muscle power. Power can be enhanced by either

increasing the work a muscle must perform during a
specified period of time or reducing the amount of time
required to produce a given force. The greater the inten-
sity of the exercise and the shorter the time period taken
to generate force, the greater is the muscle power.?0!-237
For power training regimens, such as plyometric training
or stretch-shortening drills the speed of movement is the
variable that is most often manipulated.!%-20-284.286.302

Power (cdng suat)

Rate = work (force x
distance) / time

Cong co co tao ra trong
don vi thoi gian

Hai loai: anaerobic
power (yém khi) va
aerobic power (hiéu
Khi)

Bai tap plyometric
training hay stretching-
shortening drills (kéo
dan-co ngan)




Endurance

Endurance is a broad term that refers to the ability to
perform low-intensity, repetitive, or sustained activities
over a prolonged period of time. Cardiopulmonary
endurance (total body endurance) is associated with
repetitive, dynamic motor activities such as walking,
cycling, swimming, or upper extremity ergometry,
which involve use of the large muscles of the body.
This aspect of endurance is explored in Chapter 7.
Muscle endurance (sometimes referred to as local
endurance) is the ability of a muscle to contract repeatedly
against a load (resistance), generate and sustain tension,
and resist fatigue over an extended period of time ®!%14
32.233 The term aerobic power is sometimes used inter-
changeably with muscle endurance.”” Maintenance
of balance and proper alignment of the body segments
requires sustained control (endurance) by the postural
muscles. In fact, almost all daily living tasks require some
degree of muscle and cardiopulmonary endurance.
Although strength and muscle endurance, as elements
of muscle performance, are associated, they do not always
correlate well with each other. Just because a muscle group
is strong, it does not preclude the possibility that muscular
endurance is impaired. For example, an individual in the
workplace who is strong has no difficulty lifting a 10-
pound object several times—but does the worker have
sufficient muscle endurance in the upper extremities and
the stabilizing muscles of the trunk and lower extremities
to lift 10-pound objects several hundred times during the
course of a day’s work without excessive fatigue or poten-
tial injury?

832

Endurance training. Endurance training (endurance exer-
cise) is characterized by having a muscle contract and lift
or lower a light load for many repetitions or sustain a mus-
cle contraction for an extended period of time.*32!1%3:264 The
key elements of endurance training are low-intensity mus-
cle contractions, a large number of repetitions, and a pro-
longed time period. Unlike strength training, muscles adapt
to endurance training by increases in their oxidative and
metabolic capacities, which allows better delivery and use
of oxygen. For many patients with impaired muscle per-
formance, endurance training has a more positive impact
on improving function than strength training. In addition,
using low levels of resistance in an exercise program mini-
mizes adverse forces on joints, produces less irritation to
soft tissues, and is more comfortable than heavy resistance
training.

Endurance (strc bén)

Strc bén 1a kha nang thirc hién
nhirng hoat ddng cwdng dd thap,
lap lai, hay kéo dai trém mot thoi
gian dai

Cardiovascular endurance (total
body endurance): walking, cycling,
swimming, upper extremity
ergometry

Muscle endurance (local endurance)

Endurance training (endurance
exercise)

Light load (tai nhe)

Many repetitions (1ap lai nhiéu)

Ext)ended period of time (thdi gian
dai



Loi ich cua bai tap khang luc

syt Potential Benefits of Resistance
Exercise

* Enhanced muscle performance: restoration, improvement
or maintenance of muscle strength, power, and endurance

* Increased strength of connective tissues: tendons,
ligaments, intramuscular connective tissue

» Greater bone mineral density or less bone demineraliza-

tion

* Decreased stress on joints during physical activity

* Reduced risk of soft tissue injury during physical activity

* Possible improvement in capacity to repair and heal
damaged soft tissues due to positive impact on tissue
remodeling

* Possible improvement in balance

* Enhanced physical performance during daily living,
occupational, and recreational activities

* Positive changes in body composition: T lean muscle
mass or {4 body fat

* Enhanced feeling of physical well-being

* Possible improvement in perception of disability and
quality of life

e Caithién ca ba
khia canh cua
chirc nang co
CO

 Tac dong toan
than




Plyometric training — stretching-shortening drills

208 SELECTED RESISTANCE TRAINING REGIMENS

training is integrated into the advanced phase of rehabilita-
tion as a mechanism to train the neuromuscular system to
react quickly in order to prepare for activities that require t 3
rapid starting and stopping movements. This form of train- |
g i : Iy f fully seledted pati Upper Extr
g is appropriate only for carefully selected patients. Bt i {ahted ball with
Adjustment of Working Weight o - F * Catching and throwing a weighted ball with a partner or
: g Definitions and Characteristics 7 against a wall: bilaterally then unilaterally
Plyometric training,™1#2% .56 also called streteh- * Stretch-shartening drills with elastic tubing using

shortening dritls*™ or stretch-strengthening drilis ™ anatomical and diagonal motions
* Dribbling a ball on the floor or against a wall

Repetitionsin ~ Set 4 Next exercise
Set3 session 3 :
L 5-10 b L 5=10 b employs high-velocity eccentric to concentric muscle

L0510 Same weight Loading, reflexive reactions, and functional movement pai- « Drop push-ups: from boxes to floar and back ta boxes
Keep same weight T 5=10 Ib terns. Plyometric training is defined as a system of high- * Clap push-ups
T5-101b T5-151b velocity resistance training characterized by a rapid oW E
11 or more T 10-151b 110-20 Ib eccentric contraction during which the muscle elongates ] it
§ « Repetitive jumping an the floor: in place; forward/back-
immediately followed by a rapid reversal of movement Vil W% i gl o P e T with
with a resisted shortening contraction of the same mus- ! ey SRRk T A dii
on i ? 3 : z ’ = rolation; zigzag jumping; later, jump on foam
A . cle. The rapid eccentric loading phase is the stretch + Ventical jumps and reaches
formed, % with a minimum amount of rest (15 to 20 cvele, and the concentric phase is the shortening cycle. The ' : S NHIE T ooty o oandlog]
seconds) between sets and stations. The program is pro- period of time between the stretch and shortening cycles is a - 5 At . e
o Box jumping: initially off and freeze; then off and back
gressed by increasing the number of sets or repetitions, the iy own as the amortization phase. It is important that the o Bt icseasing ape and haigpit
resistance, the number of exercise stations, and the number amortization phase is kept very brief by a rapid reversal + Side to side Jumps (bex to foor to box)
of eireuit revolutions. of movements to capitalize on the increased tension in the + Jumping over cbjects on the floor
Exercise order is an important consideration when set- musole. « Hopping activities: in place; across a surface; over
, i 130,166 : s E + i
ting up a weight training circuit. Exercises with free Body weight or an external form of loading, such as objects on the floar
weights or weight machines should alternate among Upper  lagiic bands or tubing or a weighted ball, are possible « Depth jumps (advanced): jump from a box, squat 1o
extremity, lower extremity, and trunk musculature and sources of resistance. An example of a stretch-shortening absorb shock, and then jump and reach as high as
between muscle groups involved in pushing or pulling cill against the resistance of body weight is represented | possiie
actions. This enables one muscle group to rest and recover in Figure 6.44.
from exercise while exercising another group and, there-
fore, minimizes muscle fatigue. 1deally, larger muscle v
groups should be exercised before smaller muscle groups. ; Additional examples of plyometric training for the
Multijoint exercises that recruit multiple muscle groups upper and lower extremities are noted in Box 6.19.
should be performed before exercises that recruit an
isolated muscle group to minimize the risk of injury
from fatigue.

Neurological and Biomechanical Influences
Plyometric training is thought to utilize the series-¢lastic
properties of soft tissues and the stretch reflex of the neu-
unit. The spring-like properties of the series-
. . . . elastic components of muscle-tendon units create elastic
Plyometric Training—Stretch-Shortening Drills | energy during the initial phase (the stretch cycle) as the
muscle contracts eccentrically and lengthens while loaded.
This energy is briefly stored and then retrieved for use dus
ing the concentric contraction (shortening cycle) that fol-
lows. The storage and release of this elastic energy
augments the force production of the concentric muscle
contraction, =72
Furthermore, the stretch-shortening cycle is thought
BOX6.18 | . n&sm Training - - to stimulate the proprioceptors of muscles, tendons, liga-
o - 7 = E = ments, and joints, increase the excitability of the neuro-
muscular receptors, and improve the reactivity of the
T e P R e A et (o . neuromuscular system. The term reaetive newramusci-
Siteupis = #4. UpHght rowing — #5: Hasling e o A ,_ he ol 0 lar training has also been used to describe this approach
Heel raises — #9: Push-ups— #10: Leg lifts or lowering A Fatint stands oo p,a,'.’mr; = c e useie graipsthi shoriehing phase. traction (stretch L)‘-lh-? Is l|l‘°\l.£m {opropace ‘f“: contractile
clements of the muscle for a coneentric contraction (short-

High-intensity, high-velocity exercises emphasize the
development of muscular power and coordination. Reactive
bursts of force in functional movement patterns are often
necessary if a patient is to return to high-demand occupa-
tional, recreational, or sport-related activities. Plyometric




Definitions and characteristics

* S dung mau van dong chtrc nang,
phan rng phan xa, tai [én co toc do
cao tu ly tam sang hwdng tam

GOm ba giai doan:

— Co co ly tam nhanh (giai doan keo
dan) ,

— Giai doan nghi ngan (giai doan giam
chan —amortization)

— Co co hudng tam nhanh (giai doan
rut ngan)

- Tailén co thuong la trong lwong co

thé hay tai nang thém vao




Plyometric Activities for the Upper
- and Lower Extremities

Upper Extremities

* Catching and throwing a weighted ball with a partner or
against a wall: bilaterally then unilaterally

 Stretch-shortening drills with elastic tubing using
anatomical and diagonal motions

* Dribbling a ball on the floor or against a wall

* Drop push-ups: from boxes to floor and back to boxes

* Clap push-ups

Lower Extremities

* Repetitive jumping on the floor: in place; forward/back-
ward; side to side; diagonally to four corners; jump with
rotation; zigzag jumping; later, jump on foam

e Vertical jumps and reaches

* Multiple jumps across a floor (bounding)

* Box jumping: initially off and freeze; then off and back
on box increasing speed and height

* Side to side jumps (box to floor to box)

* Jumping over objects on the floor

* Hopping activities: in place; across a surface; over
objects on the floor

* Depth jumps (advanced): jump from a box, squat to
absorb shock, and then jump and reach as high as
possible

Plyometric cho chi
trén va chi dwoi

Chi trén

« B&tva ném béng

« Baitap day thun

« Tang banh xudng nén
« Hit dat roi

« Hit dat vo tay

Chi duwéi

* Nhay trén san
« Nhay tai ché

«  Nhay ndi buédc

* Nhay buc
* Nhay bén
* Nhay vuot
« Nhay éch

«  Nhay xém



;o) ¢ei Precautions for Plyometric Training

» If high-stress, shock-absorbing activities are not per-
missible, do not incorporate plyometric training into
a patient’s rehabilitation program.
If a decision is made to include plyometric activities in
a rehabilitation program for children or elderly patients,
select only beginning-level stretch-shortening drills
against light resistance. Do not include high-impact,
heavy-load activities—such as drop jumps or weighted
jumps—that could place excessive stress on joints.
Be sure the patient has adequate flexibility and strength
before initiating plyometric exercises.
Wear shoes that provide support for lower extremity ply-
ometrics.
Always warm-up prior to plyometric training with a
series of active, dynamic trunk and extremity exercises.
During jumping activities, emphasize learning techniques
for a safe landing before progressing to rebounding.
Progress repetitions of an exercise before increasing
the level of resistance used or the height or length of
jumps.
For high-level athletes who progress to high-intensity
plyometric drills, increase the rest intervals between sets
and decrease the frequency of drills as the intensity of
the drills increases.
Allow adequate time for recovery with 48 to 72 hours
between sessions of plyometric activities.
Stop an exercise if a patient can no longer perform the
plyometric activity with good form and landing tech-
nique because of fatigue.

Chu y khi tap
plyometrics

Néu hoat déng cworng dd cao
khéng cho phép thi khéng thuce
hién plyometrics

Chon loai nhe cho tré em va
nguwoi gia

ROM va strc co du

Mang giay khi tap chi duwoi
Luén kh&i dong trwdc

Khi nhay, dam bao dap dat an
toan, dung ki thuat

Tang sb 1an 1ap lai trwde khi tang
tai hay dé cao, d6 dai

Can nghi 48-72 gi® gitra hai lan
tap

Can nghi khi BN khéng con lam
dang ki thuat




| . Vi du vé qui trinh
Sample Plyometric Sequence R _
for the Upper Extremities tap Plyometrics

cho chi trén

* Warm-up activities
e Trunk exercises holding lightweight ball: rotation, side-
bending, wood-chopping Khoi dC)ng: than, chi
e Upper extremity exercises in anatomical and diagonal trén, hit dat
planes of motion with light-grade elastic tubing > A .
® Prone push-ups Cw dong nem
* Throwing motions with a weighted ball to and from a Xoay trong/xoay
partner: bhilateral chest press; bilateral overhead throws; ngoéi VO déy thun
bilateral side throw

» ER/IR against elastic tubing (90/90 position of shoulder Day thun cheo goc
and elbow) Clr dong ném mot

* Diagonal patterns against elastic resistance bén
» Unilateral throwing motions with weighted ball: baseball
throw; side throws Bai tap thém
* Additional exercises — Than minh
® Trunk exercises holding weighted ball: abdominal curl- e whe %
ups; back extension; sit-up and bilateral throw; long — Hit dé’lt VO tay
sitting throws — Hit dat bat
e Clap push-ups
e Prone push-ups from box to floor and back to box




Plyometrics dich sang tiéng Viét
nhw thé nao?

Tiéng Nhat: Bé nguyén “Plyometrics” hay
dung Katagana

Tiéng Trung Qudc: “Tang cuwdng thé huan
luyén”

Tiéng Phap: “Pliométrie”

Tiéng Anh: “Jumping training”

b 11

Tiéng Viét: “plyometrics”, “co-bat”




