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Sportsmen with overhead activities very frequently have an increased mobility of the shoulder joints. Thus it is often
difficult to distinguish between stability, hyperlaxity, and instability of the joint. Repeated extreme movements strain
static stabilizers and lead to their lengthening. The principal problem in sporters is to establish a balance between
the mobility and stability of the shoulder joint. Clinical examinations and the following treatment should be focused
not only on pain but also on the stability of the glenohumeral joint. We can encounter a whole range of possibilities
from glenohumeral instability to the impingement syndrome. We often find a narrowing of the subacromial space in
so-called tennis shoulder (rotation of the scapula and relative abduction of the humerus). A helpful therapeutic solu-
tion of this problem should be provided by a bandage of our own new construction.

The shoulder bandage consists of an upper arm sleeve and an elastic strap leading across the axilla and fixed
around the chest. If the upper extremity is free in adduction, there is no tension to the sleeve but in the moment of
abduction, the elastic strap is gradually stretched and the sleeve pulls the proximal humerus down. Greater elevation
and greater tension can be modified by the tightening or lengthening of the elastic strap. On the one hand the band-
age causes broadening of the subacromial space, on the other hand muscle activity is modified and a higher muscle
tonus increasingly stabilizes the joint. This paper describes the effect of the bandage from different points of view
- orthopedic, biomechanical, and imaging.

A group of 25 patients is evaluated. The feeling of an increased stability of the shoulder is described by 16 sporters
and minimizing of pain by using the bandage is reported by 13 sporters. Constraining of locomotion in the edge posi-
tion is claimed by 18 persons and decreasing of performance resulting from a slowed up lifting of the arm is declared
by 16 persons. 9 sporters use the bandage regularly, 8 use it only in case of problems, 6 persons stopped using it after
remission of acute complaints, 2 persons claim no effect of the bandage.

The shoulder bandage increases glenohumeral stability, minimizes the risk of injuring the rotator cuff, reduces the
risk of impingement syndrome, alleviates or even eliminates the pain in elevation and in extreme positions of the upper
arm. It enables sporters to continue sports activities without the risk of worsening a pathological condition.
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INTRODUCTION

Painful shoulder is a very frequent disorder in prac-
tically all sports disciplines. However, incidence of the
condition is substantially higher in sports overusing
overhead activities. Such sports involve especially ball
games including racquet games (tennis, badminton,
squash, pelota etc.), throwing events, swimming and ar-
tistic gymnastics. In these sports, the subacromial space
is considerably overused. As a result, painful disorders
are developed. They may be triggered by frequent over-
head position of upper extremities and also by hyper-
mobility of the joint, due to the mechanism of frequent
swings associated with moving upper extremities to the
extremes of motion. These repeated microtraumas devel-

op into a whole range of changes. The articular capsule
becomes lax, which gradually leads to development of
glenohumeral instability. They may result in subluxating
position in the glenohumeral articulation. They may end
in impressions of the humeral head having a character
of the Hill-Sachs lesion, even if there was no previous
history of complete luxation. In the subsequent stage,
the impingement syndrome develops. An increased pres-
sure in the subacromial space irritates soft tissues - the
amount of fluid between the layers of the subdeltoid
fascia is increased, subacromial bursitis is developed,
and the next stage is overloading of the rotator cuff,
particularly the supraspinatus tendon. What was initially
an inflammatory reaction is gradually transformed into
degenerative changes that can end in an irreversible da-
mage to the rotator cuff.
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These complaints are very often accompanied by
muscular imbalances. Especially shortening of the le-
vator scapulae and the upper portion of the trapezoid
muscle leads to rotation of the scapula by ever increas-
ing traction in a proximal direction (in the interior angle
of the scapula). The resulting distalisation of the acro-
mium leads to an increase in subacromial hyperpressure.
The changed position of the scapula and excessive strain
in sports, also lead to overloading of acromioclavicu-
lar articulation. Other causes can become a source of
complaints less frequently. We should never overlook
neurogenic and especially vertebrogenic disorders and
the possibility of pain transmission occurring as a result
of a cardiac or pulmonary alteration. Therefore, it is
necessary to exactly establish causes of complaints. In
addition to a very careful clinical examination, focused
on evaluating the range of passive and active motions as
well as glenohumeral stability, it is vital to examine sur-
rounding muscles to rule out any muscular imbalances.
Routinely, the shoulder soft tissues must be examined
echographically both in basic views and in stressed po-
sitions, in which any glenohumeral instability can be
shown with a high accuracy. X-ray or neurological ex-
aminations are considered complementary, as are exami-
nations by an internist (cardiologist, chest physician) in
high-risk patients. The purpose of this work is to present
the first results of impingement syndrome treatment in
sporters undergoing conservative therapy using an band-
age of their own design with a distal elastic tension.

AIM OF THE WORK

In 1994 the authors designed a shoulder bandage
with a distal traction in reaction to the fact that the
market did not offer any other suitable aid, which could
improve glenohumeral joint stability and, at the same
time, decrease the pressure in the subacromial space
when the upper extremity is positioned above the hori-
zontal line. At the beginning only individual aids were
made. Since 1999 they have been applied more often
thanks to their positive effect. The aim of this work is
to analyse the bandage from clinical and biomechanical
viewpoints.

MATERIAL & METHODS

Biomechanical characteristics:

The glenohumeral joint is a shallow ball-and-socket
joint. Mechanically it has the character of plane con-
nection. A closed ball-and-socket joint has the character
of a spherical connection, but as a result of its shallow
socket, the shoulder joint has a flat connection. The
position of its individual components in the connection
is labile.
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No mechanical motion can occur if the resultant
force line of action of the shoulder muscular system
passes through the potential contact area in a normal
direction (it is perpendicular to the joint tangent at the
point of contact). Motion equilibrium is then ensured
by the contact force in the socket that in magnitude
equals the resultant force of the muscular system, but
with the opposite orientation and they both lie on the
joint line of action.

The action of force in the shoulder joint can be di-
vided into three groups:

a) the action of force in the contact between the hu-
merus and the socket,

b) the action of force associated with usual activities of
the muscular system,

¢) the action of force associated with excessive activi-
ties of the upper arm (sports activities such as hitting

a ball in volleyball, strokes with a racquet, shooting

baskets in basketball, etc.).

Ad a) First of all we are going to deal with a state
in which the shoulder articulation system is in stable
equilibrium (mechanical rest) and the action of force
associated with the activity of the upper limb is not sub-
stantial. The weight of the upper limb is not considered
either. Thus the system to be described consists of the
force system associated with the activity of the group
of muscles and resolved action of force in the contact
between the humerus and the socket.

Ad b) The system of muscles represents an adaptive
controlled system. Therefore, the action of forces associ-
ated with the system of muscles is considered as primary
- active, whose action results in the resolved action of
force in the contact between the head and socket of the
shoulder joint.

A mobile equilibrium between the humerus and the
socket will take place, if the resultant of the system of
forces from muscles and the resultant of the resolved
action of force lie on the same line of action, are of the
same magnitude but of opposite orientation, while the
line of action of the force is a joint normal at the point
of contact (Fig. 1). The normal at the point of contact
is perpendicular to the common tangential plane at the
point of contact. Thus, the common line of action is
determined by geometry of the humerus and the socket
at the point of contact. The resultant force of the system
of muscles is the action force that need not meet the
given condition at a certain moment. Fulfilment of the
condition depends on the reaction time of the control
system. Its duration is usually very short and thus the
position of the socket and humerus is not substantially
changed and the contact occurs in a physiologically vi-
able position.

Ad c) So far we have dealt with the case in which up-
per limb activity is not decisive. Now the focus will be on
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the action of force in the shoulder joint with significant
activity of the upper arm in sports, where the upper limb
is active in overhead positions. This activity involves,
in addition to the above mentioned action of forces,
inertial forces and also the action of forces involved in
the sports performance itself, i. e. the one associated
with strokes of a different character, such as direct hand
strokes in volleyball, strokes with racquets in tennis or
squash or ball shooting in basketball or handball. In
all these activities the impact forces have, in compari-
son with the above mentioned forces, a several times
greater magnitude with a short duration. Both facts act
adversely on the shoulder joint function. If the action
of impact forces is shorter or equals the reaction times
of the muscle system, then its reaction lacks the time to
provide such a ratio of forces as could ensure dynamic
conditions of balance. It means that the resultant’s line
of the action of force associated with the sporting activ-
ity and muscle group does not have its normal direction
at the points of contact. Besides a normal component
it has a tangential component as well. In this instance
the character of the system of forces is beyond control,
and the resultant’s line of action passes beyond the area
of possible contact of the socket with the humerus. The
humerus is translated into a non-functioning position.
However, it must be said that during this activity the
tangential component is heading upwards and thus the
humerus head is translated upwards and thus subacro-
mial hyper pressure may occur (Fig. 2, the outline).

In thid analysis we are going to consider arbitrary
motion of the upper limb, including the motion in
which overloading by activities occurs. It is a case of
a concrete state of motion determined by the position,
speed and acceleration of the upper limb. In the given
state, the forces involved in all elements affecting the
motion of the upper limb and the force associated with
its activity will assume a certain, entirely concrete value.
A dynamic task, which is defined in such a way, will be
formally transformed into a static one by introducing
inertial forces and moments on the basis of d’Alembert
principle.

Due to the fact that any entirely determined force
system from the point of view of static equivalence can
be replaced by a force and a force couple, determined
at the moment, it is possible, using a gradual statically
equivalent substitution, to express actions of other ele-
ments of the upper limb at an arbitrary point of the el-
bow joint via a force and moment resultant, determined
at the moment.

Now, the arm can relax. Force elements acting on
a relaxed arm can be formally divided into:

- forces and force moments in muscles and other tis-
sues (FVO, MVO),
- inertial forces and moments (F 0 M A),
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- force and moment resultants of the relaxed parts of

the upper limb acting in the elbow joint (F, , M,, ),
- force and moment resultants in the shoulder joint

(FVR’ MVR)'

Then the equilibrium equation can be expressed in
the form:

FVO + FA+ FVL+ FVR= 0
MVO + MA+ MVL+ MVR= 0

Now a mechanical analysis of the shoulder joint
will be made. The shoulder joint is an open ball-and-
socket joint. From the mechanical point of view it has
the character of a flat, conditionally functional coupling.
(The joint is functional if the resultant contact force is
directed into the joint.) In a physiologically developed
joint, the passive constraints (friction) are not substan-
tial, which is manifested by a zero moment resultant
(M, = 0) and perpendicularity of the carrier of the
force resultant F,, to the common tangent plane in the
point of contact.

Thus M, +M,+ M, =0
and if we denote FVO +F,+F, =F,
then F,=F,

Fig. 1

The muscular system represents a controlled system,
therefore if it is not overloaded, it ensures that the above
conditions can be satisfied without any problems

In case of overloading, the force resultant is directed
against the upper edge of the glenoid fossa and the hu-
merus head is translated in the same direction until it
is subluxated and strikes the soft tissues, which causes
pain and a gradual development of pathological changes.
The change in the direction of force resultant F,, can be
achieved by adding force Fp (Fig. 2) that is, in our case,
exerted by the shoulder orthosis. As seen in the figure,
force Fp’ must have a direction and magnitude within
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a certain range, which provides variability of the shoul-
der orthosis. Using appropriate parameters of force Fp,
the altered resultant va will have the same direction as
if it were not overloaded and so no displacement of the
humerus head occurs.

Fig. 2

DESCRIPTION OF THE BANDAGE

The new type of bandage is based on an innovative
design concept. It consists of an atypical design and
overall construction as well as a new combination of
materials. The sleeve, extended over the proximal arm, is
made of a special breathable material, Syncrolast, which
does not cause any sores after round-the-clock wearing
(Fig. 3). It is fixed to the thoracic wall by means of
a stretchable, rubber traction over the axilla. If the arm
hangs freely, there is no traction exerted on the fixed
arm sleeve and the orthosis does not have any effect
(Fig. 4). When the arm is elevated, the elastic traction
is gradually stretched and the sleeve pulls the proximal
arm in a distal direction towards the chest (Fig. 5). The
greater the elevation of the arm, the greater is the distal
pull and hence the greater unloading of the subacromial
space. The traction can be adjusted by tightening or
loosening of the fixation to the chest wall by sliding
velcro fastening.
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Fig. 3

Fig. 4
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Fig. 5

Fig. 6
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X-ray and USG examinations

To verify the effect of the orthosis, X-ray examination
was performed by means of skiagraphic device Argostat
plus HF50R and ultrasound examination by means of
Medison Sono ACE.

Images were realized both without and with the
bandage.

X-ray examination: To evaluate the skiagrams objec-
tively, a calibration pellet was attached to the patient’s
body. The skiagrams were taken at a standard distance
and position to rule out any distortion. Subsequently
the subacromial space, imaged on the skiagrams, was
compared.

In the skiagram with a fitted orthosis, the width of
the subacromial space increased by 20% (Fig. 6). Com-
parative images are performed routinely, that is why the
ethical committee’s consent was not required.

USG examination: The distance between the out-
line of the humerus head and the acromial border was
compared in the standard position of the upper extrem-
ity and echographic probe (lateral longitudinal view)
(Fig. 7). The results of measurement corresponded with
the X-ray findings.
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DISTANCE HODE (HEASURLDISTANCEN

Group of patients

The shoulder orthosis was fitted in 25 athletes clini-
cally diagnosed with impingement syndrome. We moni-
tored its effect on soreness, seriously restricted range
of motion and change of biomechanics in the shoulder
girdle, ability to improve stability of the glenohumeral
joint and patients’ subjective feelings with or without
a bandage.

RESULTS

All 23 subjects reported subjective alleviation of
pain and 2 persons reported no effect of the bandage.
A subjective feeling of shoulder strengthening and an
increase in stability was confirmed in 16 subjects. The
sensation of restricting motion in extreme positions was
stated by 18 subjects. A feeling of limitation in perform-
ance as a result of slowing during wind up and cocking
is claimed by 16 athletes.

In 16 athletes, the bandage must be worn for sport,
9 wear it intermittently, 8 stopped wearing it when their
acute complaints subsided, 2 athletes do not use it due
to allegedly zero effect.
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DISCUSSION

As the bandage is of a completely new design, it can-
not be compared with other cases known in literature.
The bandage distalises the humerus head. It reduces the
risk of increase in pressure in the subacromium when the
arm is lifted above the horizontal line and thus reduces
the possibility of the development of (primary) impinge-
ment syndrome. It acts as an antagonist to the suprasp-
inatus, which is the primary depressor of the humerus.
At the same time it reduces demand on the long head
ligament of the biceps and decreases the strain of the
lower glenohumeral ligament. By its pull, the orthosis
reduces the risk of rotator cuff injuries against the distal
side of the coracoacromial arch and the risk of second-
ary impingement syndrome development. It also acts
against the development of secondary impingement syn-
drome by translating pressure over the humerus into the
socket of the glenohumeral articulation. It lends higher
stability to the joint and reduces the risk of translating
positions of the humerus head. Simultaneously, tonus of
the muscles is raised in the shoulder girdle by a double
mechanism. On the one hand, muscles are stimulated
to develop a higher activity to actively overcome the
resistance in elevating the arm above the horizontal
line. On the other hand, the bandage fitting in itself
modifies proprioceptive innervation. The continuous
stimulation of exteroceptors by the bandage produces
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sensoric impulses in afferent neurons travelling to the
posterior spinal-chord, interneurons excite impulses in
motoneurons of one or more segments, which results in
a certain reflexive response. Weak stimulation and re-
peated stimuli then lead to an increased muscular tonus
or to a tonic reflexive response (reflexive activity on the
spinal cord level). Simultaneously, the increased tonus
of periscapular muscles and the increased pressure of
the humerus head against the scapula will reduce the
risk of developing scapulothoracic instability.

CONCLUSION

A shoulder bandage with distal traction enables
sporters to continue sports activities without the risk
of worsening the impingement syndrome. It improves
stability of the glenohumeral articulation, alleviates or
even eliminates pain during arm elevation by reducing
the pressure in the subacromial space.
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RAMENNI ORTEZA S DISTALNIM TAHEM -
POUZITI VE SPORTOVNI MEDICINE
U PRETIZENI ,,OVERHEAD*“ AKTIVITAMI
(Souhrn anglického textu)

Autofi predkladaji prvni vysledky 1écby impingement
syndromu u sportovcil Ié€enych konzervativné pomoci
ortézy vlastni konstrukce, s distalnim elastickym ta-
hem.

Ramenni ortéza byla nalozena u 25 pacientii - spor-
tovel s diagnozou impingement syndromu. Byl sledovan
vliv na bolestivost, zavaznost omezeni rozsahu pohy-
bu a zménu biomechaniky pletence ramenniho. Dale
schopnost zvysit stabilitu glenohumeralniho skloubeni
a subjektivni pocit sportujiciho pacienta.

Novy typ ortézy spo€iva v netradi¢nim pojeti kon-
strukce. Kratky rukav, ktery je z elastického materialuy,
je nataZen na proximalni pazi. Pomoci pruzného gu-
mového tahu je fixovan k hrudni sténé. Pokud horni
koncetina voln€ visi, neni zadny tah za fixovanou pazni
manzZetu. V okamZiku elevace koncetiny dochazi k po-
stupnému napinani gumového tahu a manzeta stahuje
proximalni pazi smérem distalnim. Cim vétsi je elevace
koncetiny, tim vétsi je tah distalnim smérem a odlehcéeni
subacromialniho prostoru. Tah je moZno modifikovat
pfitazenim nebo uvolnénim upnuti fixace na hrudni
sténu.

Subjektivné udavané zlepSeni bolestivosti pfi sportu
je u 23 pacientti, ve dvou pfipadech nema ortéza zad-
ny efekt. Subjektivni pocit zpevnéni ramene a zvySeni
stability prokazujeme u 16 sportovci. Pocit omezeni
hybnosti v krajni poloze udava 18 jedincili. Pocit sni-
Zeni vykonnosti v disledku zpomaleného napfahu je
u 16 jedinci.

Potieba nezbytnosti uZziti ortézy na sport je u 6 je-
dinct, 9 pouziva ortézu intermitentné, 8§ po odeznéni
akutnich potizi ortézu odlozilo, 2 pro nulovy efekt ne-
pouZivaji.

Vzhledem k tomu, Ze se jedna o zcela novy charakter
bandaze, nelze komparovat se zkuSenostmi v literature.
Ortéza distalizuje hlavici humeru. SniZuje riziko vzni-
ku zvySeného tlaku subakromialné pfi elevaci paze nad
horizontalu a tim rozvoje (primarniho) impingement
syndromu. Plisobi jako agonista m. supraspinatus, ktery
je primarnim depresorem hlavice pazni kosti. Souc¢asné
sniZuje naroky na Slachu dlouhé hlavy bicepsu a sni-
Zuje napéti dolniho glenohumeralniho vazu. Ortéza
svym tahem sniZuje riziko poranéni manzety rotatort
o distalni stranu korakoakromidlniho oblouku a snizu-
je riziko vzniku sekundarniho impingement syndromu.
Proti vzniku sekundarniho impingement syndromu pu-
sobi i tlakem pfenasejicim se pies pazni kost do jamky
glenohumeralniho skloubeni. ZvySuje se stabilita kloubu
a sniZuje riziko transla¢nich poloh hlavice humeru. Sou-
¢asné€ dvojim mechanismem dochazi ke zvySeni svalo-
vého tonu v oblasti pletence pazniho. Jednak aktivnim
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prekonavanim odporu pfi elevaci paZe nad horizontalu
jsou svaly nuceny ke zvySené aktivité, dale jiz samotné
naloZeni bandaZze mechanismem modifikace propriocep-
tivni inervace - trvalé drazdéni exteroreceptord bandazi
vyvola senzorické vzruchy v aferentnich neuronech jdou-
cich do zadnich provazcti miSnich, interneurony vybavi
vzruchy v motoneuronech jednoho ¢i vice segmentli
a dojde k reflexni odpovédi, slabé drazdéni a opakova-
né podnéty pak vedou ke zvySeni svalového tonu resp.
k tonické reflexni odpovédi (reflexni ¢innost na Urovni
michy). ZvySeny tonus periskapularnich svalid i zvySe-
ny tlak hlavice humeru proti lopatce soucasné sniZuje
riziko rozvoje skapulotorakalni instability.

Bandaz ramena s distalnim tahem umozni pokra-
Covat ve sportovni aktivité bez rizika prohlubovani im-
pingement syndromu, zvysi stabilitu glenohumeralniho
skloubeni, zmirni aZ odstrani algie v elevaci paze sniZe-
nim tlaku v subacromialnim prostoru.

Klicova slova: overhead sportovni aktivity, bolestivé rameno,
ortéza s ditdalnim tahem.
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