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anoe and kayak slalom at its

highest level demands a com-
bination of power and flexibility, as
well as boat handling and water
reading skills. While direct traumat-
ic injuries occur occasionally, most
injuries are due to the use of
improper biomechanics or repeated
overloading of the muscle-tendon
unit. Wrist problems have been
noted to be the most frequent injury
to the flatwater athlete (39), but the
shoulder has been observed by the
author over the past three competi-
tive seasons to be the most vulnera-
ble and most frequently injured
structure in slalom canoe and kayak
athletes.

This article will deal with shoul-
der anatomy, biomechanics, injury
mechanisms and rehabilitation for
the elite whitewater slalom athlete.
Certain pathologies demand that
modifications be made in the condi-
tioning program, the stroke tech-
nique or the equipment used to
protect the vulnerable shoulder
structures and return an athlete to
the highest levels of competition.

Correct diagnosis of the shoulder
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pathology maximizes the benefit of
any  rehabilitation program.
Shoulder dysfunction ican be
caused by underlying ligamentous
instability, overuse or impingement
sydromes, bursitis and muscular
imbalance or weakness. Each
problem requires a different empha-
sis during rehabilitation and subse-
quent conditioning programs; a cor-
rect diagnosis will facilitate appro-
priate program design.

Whitewater slalom competition
takes place on a 600-meter course
with 25 gates. The 10 upstream
gates require the athlete to drop
below the gate and approach it
against the current. The athlete’s
head, shoulder and torso must pass
between the gate’s poles. Touching
a pole results in a five-second
penalty, while a missed gate results
in a 50-second penalty added to the
elapsed time of the run. Each racer
has two runs, and the best time
(including penalties) is taken as the
best score. Speed and precision
are equally important in this sport.
To be fast and clean is the goal of
each racer, because a hundredth of
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a second could decide the final
rankings in a competition.

There are significant differences
between the canoe (singles, C1, or
doubles, C2) and kayak (one-
woman kayak, K1W, or one-man
kayak, K1M) in structure and
design, the athlete’s position in the
boat and the paddles used. In C1
and C2 the athlete uses a single-
bladed paddle and kneels in the
boat, whereas the kayak athlete
uses a double-bladed paddile and sits
with both legs fully extended.
Injuries to these athletes will be dif-
ferent, so different stroke technique
or equipment modifications, and a
slightly different emphasis in the
conditioning program, may need to
be made.

Event times for K1M athletes at
the international level of competi-
tion range from 150 to 200 sec-
onds. K1W times fall in the range
of 110 percent of K1M times for
the same course; C1 and C2 times
generally are within 105 to 110
percent, respectively (9). The
longer the course, the greater the
disparity between canoe and kayak
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Figure 1. Surface anatomy and ligamentous structures of the anterior aspect of the shoulder. The long
head of the biceps is intracapsular as it originates from the supraglenoid tubercle and glenoid labrum.
It turns sharply as it passes over the humeral head to descend in the bicepsital groove.

actual times. In addition, the times
are influenced by the water type
and are closer together in courses
comprised of heavy whitewater.
Thus, the percentage method of
ranking times using the K1M race
time normalizes the performance
and allows comparisons between
boat classes.

Kayak times are faster than
canoe times for three reasons: the
boat demonstrates a faster hull
speed; the double-bladed paddle
allows for twice the turnover speed,
although leverage in the power
phase is reduced; and each stroke is
counterbalanced, eliminating the
need for correction strokes to keep
the boat on course.

The slalom athlete’s skill in
selecting the correct approach line
and placing the boat in the correct
position on the wave at the correct
instant is at least as important as
absolute strength and power. In
certain situations, no athlete is more
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powerful than the current. Strength
is not a factor when the athlete
must position the boat correctly
using boat and edge control (much
like a surfer) to move across the
river without falling downstream.
When the boat moves with the cur-
rent, however, power becomes an
important factor. In navigating
upstream gates, the athlete stops
and reverses direction sharply in a
calm section of water. In this situa-
tion, the more force applied to the
paddle, the more boat speed is
affected.

Anatomy and Biomechanics
Passive stability of the shoulder
joint is provided by a number of
fibrous tissue structures including
the glenoid labrum, joint capsule,
glenohumeral ligaments, coraco-
humeral ligament and the subscapu-
laris tendon (31) (Figures 1 and
2). The shoulder complex is com-
posed of the glenohumeral,
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acromioclavicular, sternoclavicular
and functional scapulothoracic
joints., Passive mobility (i.e., syn-
chronous movement of the scapula
and humerus throughout arm eleva-
tion), flexibility, joint stability and
muscular control are primary con-
cerns for the prevention of shoulder
injuries. Slalom strokes demand
rapid force production as well as
rapid changes in direction of the
forces that are centered in the
shoulder joint.

Most shoulder motion occurs at
the glenohumeral joint. The head
of the humerus articulates with the
glenoid fossa of the scapula. Due to
the difference in surface area, only
one-third of the humeral head artic-
ulates with the glenoid fossa at any
time. The glenoid labrum, a ring of
dense fibrocartilage that is firmly
attached to the glenoid margins,
increases the surface area available
for contact with the humeral head
to 75 percent (33, 34).

National Strength and
Conditioning Association Journal



Acromion
process

Subacromial bursa

Long head of biceps
Supraspinatus
Posterior
capsule
Infraspinatus

Teres minor

Posterior portion of
the inferior
glenohumeral
ligament
Oxillary pouch
Long head
of triceps

Clavicle

Trapezoid ligament Coracoclavicular
> ligament

onoid ﬁgamént

Coracohumeral ligament

Coracoid process

Superior
glenohumeral
ligament

Middle
glenohumeral
ligament

Subscapularis

Superior band

of the inferior

glenohumeral
ligament

Figure 2. Lateral view of the glenohumeral joint showing the glenoid labrum, cadpgule, and ligamen-

tous and muscular structures. Not shown are the subscapularis and subcoracoi

ursae, which are

located on the anterior aspect of the joint between the subscapularis muscle and the coracoid process

and the coracoacromial ligament.

The glenoid surface of the
labrum is made of hyaline cartilage,
while the fibrous portion of the
labrum blends with the joint capsule
(6) (Figure 2). In addition, the
wedge-shaped glenoid labrum
restricts anterior and posterior
movement of the humerus.

The long head of the biceps is
attached to the superior glenoid
labrum and the supraglenoid tuber-
cle of the scapula. Tension in the
biceps tendon, resulting from inter-
nal or external shoulder rotation,
also will place tension on portions
of the glenoid labrum (7). Internal
shoulder rotation, occurring in the
top arm during completion of a duf-
fek stroke or the follow-through

National Strength and
Conditioning Association Journal

phase of a pitch, will stress the pos-
terior superior portion of the
glenoid labrum. Passive external
shoulder rotation, occurring in the
bottom arm of a duffek stroke or
brace position, will stress the anteri-
or superior portion.

A degree of capsular laxity
(movement between joint surfaces)
exists due to the attachments and
redundancies of the joint capsule,
but the arm position selectively
tightens the capsule. When the
arm is at the side, the superior por-
tion of the capsule is taut and the
inferior portion is folded. When
the arm is overhead, the inferior
portion of the capsule tightens and
laxity is demonstrated in the superi-
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or portion. External rotation tight-
ens the anterior capsule, while full
horizontal adduction tightens the
posterior capsule (Figure 2).
Glenohumeral capsular ligaments
(superior, middle and inferior) stabi-
lize the anterior and inferior shoul-
der joint capsule (Figure 3). The
superior glenohumeral ligament sta-
bilizes the shoulder when the arm is
adducted at the side, and originates
with the biceps tendon from the
coracoid process and the superior
aspect of the glenoid labrum.
When the arm is abducted 45
degrees from the side of the body,
the shoulder is stabilized by the
middle glenohumeral ligament,
whose origin blends with the joint
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capsule. The inferior glenohumeral
ligament, consisting of three parts,
originates from the anteroinferior
aspect of the glenoid labrum and
stabilizes the shoulder at approxi-
mately 90 degrees of abduction (3,
38).

Beyond 90 degrees of abduction,
the capsule-glenoid labrum junction
limits forward displacement of the
humeral head. If an athlete is
injured or has repeated stress to the
shoulder with the arm overhead,
the inferior glenohumeral ligament
may overstretch or the labrum may
detach from the glenoid fossa,
allowing the head of the humerus to
glide anteriorly (23). External
shoulder rotation at 90 degrees of
abduction, during a high brace posi-
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Figure 3. The glenohumeral ligaments and shoulder joint capsule selectively tighten, depending on the posi-
tion of the arm. The coracoclavicular, acromioclavicular, coracohumeral and glenohumeral ligaments are pic-
tured. In addition, the opening for the subracromial bursa, the long head of the biceps and its sheath, the
subscapularis muscle, and the long head of the triceps are shown.
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Figure 4a. Upward scapular rotation must occur during
shoulder elevation (flexion or abduction), for example,
just before the catch phase of planting a cross-draw (as
shown) or a duffek stroke. The upper and lower fibers of
the trapezius, as well as the serratus anterior, are respon-
sible for upward scapular rotation. The middle trapezius
is also active to assist in stabilizing the scapula, particu-
larly as 90 ° of flexion or abduction is approached.

tion or during a pitching motion,
(Photo 1) tightens and moves the
inferior glenohumeral ligament to
extend over the middle aspect of
the glenohumeral joint (24, 38).
After an anterior dislocation, this
ligament becomes overstretched
and results in an anterior instability,
particularly in the abducted and

externally rotated shoulder position.
*  The coracohumeral ligament,
with the dynamic joint compression
by the supraspinatus and posterior
deltoid muscles, prevents downward
displacement of the shoulder. The
coracoacromial ligament forms an
arch over the humeral head from
the coracoid process to the
acromion process, and prevents
upward migration of the humeral
head (26). The supraspinatus and
the intra-articular portion of the
long head of the biceps tendons
must pass under this ligament to
attach to the humerus. In addition,
the subacromial bursa is located
between the acromion process and
the supraspinatus.

The sternoclavicular joint,
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Figure 4b. Downward scapular rotation occurs during shouldere
extension and hyperextension; for example, dunngthepullphgse .
ofﬂlefomardstrokemshhﬁzaﬁonplmseofﬂ:eduﬁekbh"ﬁke
Theserratusantenor,pectorahsnnnorandlowerﬁbetsofthepw
tonhsma)orformtheantenorporﬁonofﬂleforeeeouple The
levator scapulae, rhomboids and latissimus dorsi form the posteri-
or portion of the downward rotation force couple.’ The scapu-.
lothoracic muscles stabilize the scapula to provide a stable base

for the rotator cuff to act upon.

between the proximal end of the
clavicle and the sternum, is the only
joint that connects the shoulder gir-
dle to the axial skeleton. During
normal movement the scapula con-
tributes 60 degrees and the stern-
oclavicular joint contributes 30
degrees of the total shoulder range
of motion. This joint is rarely
injured in the slalom athlete.

The acromioclavicular joint, at
the other end of the clavicle,
demonstrates more movement due
to increased joint capsule laxity
compared to the sternoclavicular
joint, and is more susceptible to dis-
location. The joint is supported by
the coracoclavicular and acromio-
clavicular ligaments. A direct fall
on the point of the .shoulder or on
an outstretched arm is the usual
cause of injury to this joint,
although it is relatively uncommon
in the slalom athlete.

Scapular motion is translated to
the clavicle through the coracoclav-
icular ligament, while the acromio-
clavicular ligament strengthens the
superior aspect of the joint. Of the
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60 degrees of total scapular move-
ment, 30 degrees occurs at the
acromioclavicular joint during shoul-
der elevation (abduction) early in
the movement and near the end of
the range of motion.

Scapular rotation occurs through
action at the acromioclavicular and
sternoclavicular joints, placing the
glenoid fossa in a better position for
action of the rotator cuff muscles
and prime movers (13, 25).
Muscles forming the force couples
for scapular movement stabilize the
scapula to allow the rotator cuff to
function. Downward {(medial) rota-
tion of the scapula occurs with
glenohumeral extension and adduc-
tion, and is accomplished by the
force couple of the rhombiods, lev-
ator scapulae, serratus anterior,
latissimus dorsi, pectoralis major
and pectoralis minor (Figure 4a).

Upward (lateral) rotation of the
scapula occurs with glenohumeral
elevation (flexion/abduction) and is
accomplished by the force couple
of the upper and lower fibers of the
trapezius and the serratus anterior.
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Figure 5a. Posterior view of the rotator cuff muscles. The supraspinatus, infraspinatus and teres
minor are shown. The subscapularis covers the anterior aspect of the glenchumeral joint.

Upward rotation occurs when the
scapula has moved on the chest
wall to find the most stable position
during the first 30 to 45 degrees of
abduction (Figure 4b).

Normal shoulder elevation is
comprised of scapulothoracic and
glenohumeral motion, which occurs
in a synchronous mannet. For
every three degrees of glenohumer-
al movement into abduction or flex-
ion, two degrees of scapular rota-
tion must occur for arm elevation
(30, 35). Tightness of the serratus
anterior or rhomboid muscles may
result in less fluid motion at the
scapulothoracic joint, limiting the
athlete’s forward movement of the
scapula on the trunk during the
catch phase of the forward stroke.

In addition to scapulothoracic
and glenohumeral muscular action,
trunk extension and rotation is cru-
cial for proper placement of the
upper extremity to gain maximum
power, stroke efficiency and joint
protection. During sprints between
gates, the most effective propulsive
force is generated when the paddle
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shaft is perpendicular to the water
(21). Maximum torso rotation pro-
longs this phase and allows for
more propulsive force to be gener-
ated.

Anatomy of the Rotator Cuff

The subscapularis muscle, part
of the rotator cuff, has a broad ten-
don with several fibrous attach-
ments, and provides passive and
dynamic restraint to the shoulder
depending on position. This mus-
cle attaches to the anterior surface
of the scapula with fibers that con-
verge to form a broad tendon,
which passes over the anterior
aspect of the glenohumeral joint
and attaches distally to the lesser
tubercle of the humerus.

The subscapularis internally
rotates the shoulder and is a
dynamic restrainit for anterior shoul-
der dislocation. As the arm is
abducted beyond 45 degrees, the
subscapularis tendon’s contribution
to anterior joint stability decreases
as the tendon is displaced upward.
In positions greater than 45 to 90
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degrees, it no longer covers the
inferior portion of the humeral
head.

The infraspinatus and teres
minor are closely related in location
and function. The infraspinatus
originates just below the spine of
the scapula, while the teres minor
originates from the lateral scapular
border. The tendons of both mus-
cles blend into the posterior aspect
of the shoulder capsule as they pass
to insert on the greater tubercle of
the humerus (the infraspinatus
attaches to the middle facet, the
teres minor to the lower facet).
Both muscles contract strongly dur-
ing shoulder external rotation.

The supraspinatus originates
from just above the spine of the
scapula, forms a tendon, and passes
laterally under the ligamentous cora-
coacromial arch to the upper facet
of the greater tubercle. With the
other rotator cuff muscles and serra-
tus anterior, it stabilizes the shoulder
joint and steers the humeral head as
the shoulder and arm are flexed or
abducted (Figures 5a and 5b).
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Figure 5b. Rotator cuff muscular attachments to the humeral head, as seen from above.

Rotator Cuff-Deltoid
Force Couple

The rotator cuff, made up of the
supraspinatus, infraspinatus, teres
minor arid subscapularis, steers the
humeral head during shoulder flex-
ion or abduction (34). The rotator
cuff muscles compress the joint and
prevent upward migration of the
humeral head ,against the
acromion. At thé onset of eleva-
tion, with the arm at the side, the
deltoid is inefficient due to its angle
of pull. This results in an upward
shearing force on the humeral
head. As elevation continues, the
deltoid leverage and the angle of
pull improve so that the shearing
force of the deltoid becomes more
compressive. The rotator cuff mus-
cles continue compressive force
production to hold the head of the
humerus in the glenoid fossa
throughout the range of motion
(Figure 6). When the arm is
above horizontal, the rotator cuff’s
coritribution to joirit stability begins
to diminish (13, 31).

Electromyographic analysis (13)
has shown that rotator cuff muscles
throughout the full range of motion
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provide a downward force to cour-
teract the upivard pull of the del-
toid, so conditioning of these mus-
cles should emphasize endurance.
More recently, EMG analysis has
shown that the supraspinatus and
infraspinatus are active throughout
elevation, but that the teres minor
was active primarily during activities
requiring external rotation and ter-
minal flexion. The subscapularis
muscle was most active during
activities that required internal rota-
tion (34). Because of the angle of
pull of the supraspinatus, its force
results in compression and joint sta-
bilization.

Shoulder Tendinitis and
Rotator Cuff Impingement
Maintenance of the balanced
force couple betweeri the rotator
cuff muscles and the deltoid is
essential for normal shoulder move-
ment and function. Several factors
contribute to shoulder tendinitis and
impirigement syndrome. The most
common is the eccentric overload
of the supraspinatus during the
acceleration and follow-through
phases of pitching, for example.
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This is followed by fatigue inflam-
mation and permanent tendon
degenerative changes. The loss of
control and subsequent upward
migration of the humeral head
result in secondary impingement
and subdeltoid bursitis (26).
Weakness or injury to the rotator
cuff (most frequently by overuse of
force overload) may impinge the
supraspinatus. Injury results in a
vicious cycle of pain that inhibits
muscle action and results in disuse,
which leads to weakness, poor
endurance and inability of the rota-
tor cuff to counterbalance the del-
toid’s vertical force. This further
compresses the injured tissues. By
strengthening the rotator cuff,
impingement of the supraspinatus
tendon by the upward migration of
the humeral head against the
acromion will bé prevented.
Because hypertrophy of the mus-
cle-tendon unit may exacerbate sub-
acromial space problems, condi-
tioning should emphasize muscular
endurance. Free-weight exercises
for the supraspinatus should not
exceed seven to 10 pounds of resis-
tance or five sets of 10 repetitions.
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Figure 6. Normal biomechanics of the shoulder joint. From 0-90 degrees, the deltoid exerts a strong
upward shearing force as the rotator cuff muscles exert a compressive force. As the angle of puil
changes and shoulder flexion or abduction occurs, the deltoid becomes more efficient and the force it
imparts becomes more compressive in nature. This occurs at approximately 90 degrees of shoulder
elevation. Until the shift in the applied force changes, the space between the coracoacromial arch and
the humeral head may be compressed. If the rotator cuff muscles are weak, the upward shearing force
of the deltoid is unopposed and impingement of the supraspinatus tendon occurs.

Mechanical impingement of the
long head of the biceps or
supraspinatus tendon may occur
between the coracoacromial liga-
ment and the acromion during
shoulder flexion or abduction com-
bined with internal rotation. In
addition to the upward migration of
the humeral head, repeated micro-
trauma results in an inflammatory
response and edema of the
supraspinatus tendon. This reduces
the space available for the
supraspinatus tendon to pass under
the coracoacromial arch. If the
undersurface of the supraspinatus

“tendon is torn, the tendon will
buckle slightly as it passes under the
coracoacromial arch, causing a
catching sensation.

Activities like the catch phase of
the forward stroke or cross bow
draw, the end of the preparatory
phase of a tennis serve, or the start
of the acceleration phase of a base-
ball pitch all move from shoulder
abduction to full flexion and from
external to internal rotation. The
internal rotators move from a posi-
tion of maximum stretch; the latis-
simus dorsi, pectoralis major and
teres major contract strongly to
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accelerate the arm while the rotator
cuff muscles contract eccentrically
to decelerate the arm (19).

Conditioning programs that
emphasize the shoulder internal
rotators (e.g., latissimus dorsi, pec-
toralis major, subscapularis, teres
major, anterior deltoid) while
neglecting the external rotators
(i.e., posterior rotator cuff) may
lead to a strength imbalance
between external and internal rota-
tion. This could cause a force over-
load in the rotator cuff, as well as
weakness, pain and damage to the
cuff muscles. In addition, contrac-
tion mode (concentric versus eccen-
tric) as it relates to the specific sport
must be considered.

Overuse syndromes of the rota-
tor cuff muscles, particularly involv-
ing the supraspinatus, occur fre-
quently in the whitewater slalom
athlete. Although modalities,
medication and rest reduce the
symptoms, exercise is the best way
to treat the injury. Rehabilitation
exercises begin with shoulder iso-
metrics within the pain-free range
of motion at less than 90 degrees
of abduction, progressing to rotator
cuff exercises and specific isokinetic
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concentric/eccentric programs
(generally at 120 degrees per sec-
ond or more to reduce the joint
compressive forces), and finally to
velocity- and movement-specific
programs.

Supraspinatus impingement usu-
ally begins insidiously, with no
known injury. Three progressive
stages of rotator cuff impingement
have been defined (1, 16, 19, 25).
Reducing the force overload, pro-
moting healing and strengthening
tissue will reverse the first stage and
early portions of stage Il impinge-
ment. However, impingement will
progress to stage Il if repeated
trauma occurs and the tissue thick-
ens, becomes fibrotic and degener-
ates. The result may be a rotator
cuff tear. In all stages, manage-
ment specific to the pathology is
necessary, even in the presence of
a small rotator cuff tear (1, 26).
Range of motion is generally full,
but may be painful between 70 and
120 degrees. Flexion and internal
rotation imay impinge the subacro-
mial bursa as the subacromial space
is reduced. Overhead flexion or
abduction may also result in a
catching sensation, which can be
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relieved by externally rotating the
shoulder. ‘

The intracapsular portion of the
long head of the biceps tendon
may demonstrate similar impinge-
ment symptoms. Because the long
head of the biceps must change
direction sharply as it passes over
the humeral head, it is vulnerable
to a compromise in vascularity.
Movements that require shoulder
flexion and external rotation (e.g.,
golf swing follow-through} may
produce a painful catching sensa-
tion that can be relieved by internal
shoulder rotation. Resisted biceps
muscular motions may be painful.

Principles of Shoulder
Rehabilitation

Shoulder injury rehabilitation is
not limited to one segment of the
training year, but begins as soon as
possible after an injury.

The treatment of shoulder pain
due to supraspinatus or biceps ten-
don impingement includes five
components: pain relief and
reduction of inflammation, rest, ice
{and other appropriate modalltles)
appropriate flexibility and strength-
ening exercises, and correction of
faculty posture and biomechanical
factors (1, 14, 26). Signs of acute
inflammation include pain,
swelling, tenderness, warmth and
redness. If acute inflammation is
left untreated, pain due to tendini-
tis (tendon inflammation) or joint
pain will not improve, nor will ‘the
athlete be able to work without
incurring further tissue damage. In
cases of musculoskeletal dysfunc-
tion, the adage “no pain, no gain”
has no place in rehabilitation or
conditioning. To ignore the signs
and symptoms will only postponi
the athlete’s return to training angi
competition.

The first component in the treat—
ment of inflammation includes
analgesic and non-steroidal anti-
inflammatory medication (22).
These are commornly prescribed
and should be taken only with a
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physician’s approval. One medica-
tion usually can relieve pain and
reduce inflammation.

The second component of treat-
ment is rest. Training intensity and
duration are reduced to promote
tissue healing. This does not mean
total rest, but a relative rest in
which activities are avoided that
exacerbate the pain, overload the
involved muscle-tendon unit, or
cause excessive fatigue and muscu-
lar imbalance between the rotator
cuff and the deltoid. Initially,
stroke modifications are made (the
C1 paddler pulls in the elbow
slightly to increase relative external
shoulder rotation, the kayak athlete
paddles in the base position, and
both reduce forward reach in the
acute phase), stroke intensity is
reduced and the athlete trains on
flatwater gates to reduce the force
overload and subsequent inflamma-
tion of the involved structures.
Only in the most recalcitrant cases
of inflammation is complete shoul-
der rest advocated.

The application of ice after each
workout or rehabilitation session is
the third component of treatment.
Ice reduces swelling and hemor-
rhages. Sports physical therapists
and athletic trainers may use elec-
trical stimulation to reduce acute
pain and inflammation. As the
healing process continues, other
modalities such as moist heat,
ultrasound or lasers may be used.
In the case of supraspinatus or
bicipital tendinitis, reducing téndon
swelling will increase the space
available for the tendon to pass
under the coracoacromial arch.

After the structure is isolated,
specific- flexibility and strengthening
exercises, appropriate to the
degree of muscular weakness or
imbalance, are prescribed by the
physical therapist or athletic train-

“er. The goal of the initial rehabili-

tation program is to improve mus-
cle function and movement.
Exercise for an acutely injured
shoulder may begin with pain-free
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submaximal isometric contractions
to minimize muscular forces acting
on the involved joint. = After each
rehabilitation and training session,
the athlete is re-evaluated for pro-
gram tolerance and results. The
athlete moves to the next training
level after he or she is able to toler-
ate three or four training sessions
without an increase in symptoms
(10). Later goals include condition-
ing the shoulder to meet the specif-
ic demands of the sport. During
this phase the combined efforts of
the therapist or trainer and the
conditioning coach will ensure a
smooth transition from injury reha-
bilitation to optimal athletic perfor-
mance. '

Perhaps the most important fac-
tor to consider is the evaluation
and elimination of faulty biome-
chanical techniques or equipment
modifications to reduce the force
overload on vulnerable structures.
For example, the kayak athlete’s
control arm is often subject to lat-
eral epicondylitis (tennis elbow).
The new bent-shaft kayak paddle
places the wrist and forearm exten-
sors in a less stressful position.
This reduces overload at the proxi-
mal muscle-tendon junction of the
wrist extensors and allows for an
improved pull-through.

Any change in equipment, par-
ticularly from wood to carbon shaft
paddles, may cause supraspinatus
tendinitis, Pulling the elbow in
slightly, angling the T-grip of the
paddle and raising the seat have
been used to reduce stress on vul-
nerable shoulder structures in C1
paddlers. Faulty posture (forward
head, round shoulders, reduced
trunk and poor hamstrmg flexibili-
ty), which further compromises
shoulder mechamcs must be iden-
tified and corrected.

The athlete’s rehabilitation
progress must be evaluated daily.
If treatment or exercise increases
pain, swelling or stiffness, then it
may be too aggressive. If the
symptoms do not increase, the
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program may advance to the next
level. Each athlete will respond dif-
ferently to medication, physical
modalities and exercise, so the pro-
gram must be individualized. @

Part 1I of this article will appear in
Volume 13, Number 6 of the NSCA
Journal.
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