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Abstract

Purpose: The aim of study is to compare the kinematic parameters and activity pattern of muscles
around the glenohumeral joint in multidirectional instability (MDI) treated by only physiother-
apy and by capsular shift and physiotherapy, before and after treatment.

Materilal and method: The study was carried out on 32 patients with MDI treated with only physio-
therapy (29 patients after 2 years, and 21 patients after 4 years), 19 patients with MDI treated by
capsular shift and physiotherapy (19 patients after 2 and 4 years), and 50 healthy subjects as con-
trol group. The investigated kinematic parameters were the range of the humeral elevation (HE)
in the scapular plane, the scapulothoracal and glenohumeral angle, the scapulothoracal (ST) and
glenohumeral (GH) rhytms, and relative displacement between the rotation centers of the
humerus and the scapula. The muscle activity was modeled by the on-off pattern of muscles
around the shoulder.

Results: Before treatment the increased relative displacement between the rotation centers of the
scapula and the humerus and different ST and GH rhythms were observed in MDI patients. The
physiotherapy strengthened the rotator cuff, biceps brachii, triceps brachii, deltoid muscle, but
ST and GH rhytms remained monolinear. Capsular shift and physiotherapy resulted bilinear ST
and GH rhytms and normal relative displacement between the rotation center of scapula and
humerus was restored. After surgery and physiotherapy the activity pattern of muscles around the
shoulder was almost normal.

Conclusion: The significant alterations in kinematic parameters in MDI patients cannot be
restored by physiotherapy only. After the capsular shift and postoperative physiotherapy the bilin-
ear ST and GH rhytm (angulation at 60 degree), the normal relative displacement between the
rotation centers of scapula and humerus and the normal muscular activity pattern can be restored.

Keywords: multidirectional instabiliy; shoulder joint; kinematics; physiotherapy; capsular shift;
muscular activity; middle-term results

Introduction

MDI of the shoulder is a complex condition, it
is characterized by symptomatic global laxity
of glenohumeral joint"!>. It may or may not be

caused by trauma, may be uni-, or bilateral.
Subjects with MDI subluxate or dislocate
anteriorly, posteriorly or inferiorly, with cur-
rent reproduction of symptoms in at least two
directions>!. Most authors agree that patients

164



Biomechanica Hungarica I11. évfolyam, 1. szdm

with MDI initially should be treated by phys-
iotherapy to increase the muscle strenght and

coordination 1618,

Neer and Foster in 1980 first recognized the
MDI as a separate condition from unidirec-
tional instability (frequency of MDI is unde-
pended from the age, the sex, or physical activ-
ity)!7. They developed the inferior capsular
shift for the treatment of MDI. Nowadays if
the physiotherapy is unsuccessful, the widely
accepted surgical treatment is the anterior-
inferior capsular shift (open or arthroscopic),

followed by physiotherapy 713

The aim of this study was to compare the
changes in motion before and after different
treatment, by kinematic and elektromyo-
graphic analyses during humerus elevation in
the plane of the scapula. Three groups were
investigated: the healthy control group (1),
MDI patients treated with physiotherapy only
(“physiotherapy group”) (2) and MDI patients
treated with open capsular shift followed by
physiotherapy (“surgery group”) (3). On the
base of the previous investigation our hypoth-
esis was that the “surgery group” is going to
demonstrate better kinematic and muscle
activity that is more consistent to the normal
characteristics, compared to the “physiother-

apy group”.

Materials and methods

Patients

Thirty-two patients with MDI were treated
non-surgically, by physiotherapy only (physio-
therapy group), 19 patients with MDI were
treated by open capsular shift followed by
postoperative physiotherapy (surgery group),
and 25 control subjects with normal, healthy
shoulders participated the study.

The control group was tested once. The physio-
therapy group was tested before starting the
conservative treatment, 36 weeks, 2 and 4 years
after the rehabilitation was started. The sur-
gery group (capsular shift with postoperative
physiotherapy) was tested before the surgery,
42 weeks, 2 and 4 years after surgery. Com-
pared to the first investigation in the physio-
therapy group after 2 years one patient died,
other two patient (one male and one female)
required surgical treatment. After 4 years addi-
tional eight patient (six male and two female)
required surgery.

Anthropometric data of each group is sum-
marized in Table 1.

Physiotherapy

The program!? concentrated on propriocep-
tive input to improve the sense of joint posi-
tion, and on relearning correct movement
patterns with the development of strength
and endurance in the scapulothoracic and

glenohumeral muscles. Increased stability

Male Female Male Female Male Female
Number (N) 32 18 15 12 5 9
Age (years) 28.1%5.1 24.6 £6.12 245+34 235%45 264 +4.8 28.4+3.6
Height (cm) 1759149 [ 1689%223 | 1762+4.7 | 1584+52 |[1704*6.7 |1653%8.5
Mass (kg) 77.1+84 66.1 £5.5 799 +2.1 58.4+25 70.1 1.7 58.4 +4.9
Duration of symptoms (months) - - 132%22 129+25 69.1 %115 | 759=%17.1

Table 1. Patient characteristics (no significant differences compared to the control group)
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of muscle balance and proprioception were
targeted by using strengthening exercises,
closed-chain exercises, and stamina training.
Home exercise program were used to pro-
mote and maintain the functional capacity of

the shoulder.

Capsular shift with postoperative
physiotherapy

The patients underwent Neer type antero-
inferior capsular shift'’ performed by the same
surgeon. The shoulder was immobilized by a
sling for 3 weeks in tied up position. The post-
operative rehabilitation program for the group
began on the first postoperative day. Elbow
movement and gentle pendulum exercises
were allowed during the first 3 weeks. After
3 weeks assisted active elevation and gradual
external rotation were allowed. After 6 weeks
a maximal, pain-free external rotation position
was allowed. The 36-week rehabilitation
protocol was identical to the one described
above.

Method of biomechanic measurement

The structure of the Zebris CMS-HS move-
ment analysis system (Zebris, Medizintechnik
GmbH, Germany) and of the measurement
control software enabled us to measure changes

in electric potential generated in muscles in
the course of movement simultaneously with
recording the kinematic characteristics of move-
ments (without subsequent synchronization)
by surface electromyography. The measure-
ment was performed at the Biomechanical
Laboratory of the Department of Applied
Mechanics at the Budapest University of T'ech-
nology and Economics, and Szolnok Hospital
of Hungarian Railways. The detailed ultra-
sound-based shoulder kinematic and electro-
myographic measurement method is described
by the same authors previously®’.

Assessment parameters

The range of humeral elevation (HE), scapu-
lothoracic angle (ST), and glenohumeral angle
(GH) were used for motion. For the dynamic
analysis of motion, the position of the scapula
and the humerus relative to each other was
analyzed in terms of the relative displacement
of rotation centers. The motion parameters are
described in Table 2.

The kinematic and muscular parameters were
calculated at the motion cycle where the final
humerus elevation was around 80°. The num-
ber of cycles taken into account was more than
6 at all subjects.

Parameter Definition

Humeral elevation (HE)

Angle formed by spatial vectors between the proximal and distal points of the sternum,
and between the insertion points of deltoid muscle and radial humeral epicondyle

Range of humeral elevation

Differences in the humeral angle at initial and final positions

Scapulothoracic angle (ST)

Angle formed by spatial vectors between the proximal and distal points of the sternum,
and the angulus acromialis and trigonum spinae

Range of scapulothoracic angle

Differences in the scapulothoracic angle at initial and final positions

Glenohumeral angle (GH)

Angle formed by spatial vectors between the insertion points of deltoid muscle and the
radial humeral epicondyle, and the angulus acromialis and trigonum spina

Range of glenohumeral angle

Differences in the glenohumeral angle at initial and final positions

Glenohumeral rhythm

Glenohumeral angle as a function of humeral elevation

Scapulothoracic rhythm

Scapulothoracic angle as a function of humeral elevation

Relative displacement between
the rotation centers of

the humerus and scapula (&g;;)

Difference between the maximal and minimal distance of the rotation centers projected to
a unit of length (calculation method is described inl%)

Table 2. Characteristic parameters describing motion patterns
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The five parameters representing the bilinear
regression line of a scapulothoracic and gleno-
humeral rhythm. The calculation method of
these curves are described by the same authors

previously®1?,

Electromyographic analysis, time-based pro-
cessing had to be applied and the purpose was
to generate a linear cover curve to determine
the motion pattern of each muscle group dur-
ing movement.

Statistical analyses

Data processing was carried out using a Micro-
soft Excel™-based software which was devel-
oped by Tllyés A and Kiss R’. The average and
standard deviation were calculated from the
measurement results of the motion cycles. The
parameters of the dominant and non-domi-
nant shoulder were averaged (i.e., dominance
was not considered).

The data were analyzed using two-factor
ANOVA with one repeated measure; process-
ing was carried out using a “Statistica” (v.7.0
StatSoft) software. Two factors were involved
in these experiments: the groups and the time
of observations. The factor of the groups had
three levels, namely the control group, the

physiotherapy group and the surgery group.
The time of observations was the repeated fac-
tor, and had up to three levels: the control
group was observed once, and the physiother-
apy and surgery group was observed four times
(before treatment, after 36-weeks physiother-
apy, resp. 2 and 4 years after the rehabilitation
came to an end); The post hoc comparison
was made by a Student t-test for multiple com-
parisons. The significance level at statistical
analysis (p) was set at 0.05.

Results

For the sake of transparency, the results of
angular kinematics are summarized in Figure
1 and Figure 2. The results of relative displace-
ment are visible in Figure 3 and Figure 4. The
parameters of regression lines are shown in
Table 3. a and 3. b, and the p-values of differ-
ent statistical comparisons in Tables 4. a, 4. b
(in the physiotherapy and surgery group). The
average regression lines of scapulothoracic and
glenohumeral rhythms in the control group,
before treatment, and after 2 and 4 years in
each group are shown in Figure 5. The dura-
tion of muscle activities of each group is shown
in Figure 6.

+1,94 £2,18 2,13 £1,52

1,11

T Significant differences

+2,99
x

compared to the control

group
I significant differences
®Range of HE compared to the data
® Range of ST measured before

Range of GH treatment

*

significant differences
compared to state after
treatment

Control before
physiotherapy

after long-term
physiotherapy
(36 weeks)

after 2 years

after 4 years

Figure 1. Range of humeral elevation (HE), scapulothoracic angle (ST) and glenohumeral angle (GH) for

physiotherapy group at different observation times, with the standard deviation values
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Figure 2. Range of humeral elevation (HE), scapulothoracic angle (ST) and glenohumeral angle (GH) for
surgery group at different observation times, with the standard deviation values
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Figure 3. Relative displacement (&£g;) and components in directions X, Y, and z of the relative
displacement (&g;;) between the rotation centers of the scapula and humerus for physiotherapy group at
different observation times, with the standard deviation values
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Figure 4. Relative displacement (&gp;) and components in directions X, Y, and z of the relative
displacement (&g;;) between the rotation centers of the scapula and humerus for surgery group at different
observation times, with the standard deviation values
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Physiotherapy group
Control group before after long-term
Parameters physiotherapy hysiotherapy after 2 years after 4 years
mean = SD mean = SD mean = SD mean = SD mean = SD

% until the mgr 0.303 +0.015 0.248 £0.023F | 0.299 +£0.024% 0.252+0.022,* | 0.246 +0.029%,*
= interscction ber 75.08 = 1.04 98.78 £2.15¢ 81.23 £ 2.119,% | 99.01 £2.18%,* | 99.10 = 2.58%,*
g -
g humAeral eleratlon at 50 87+ 0.35
£ intersection
=)
T;:g“ over the mgp 0.557 +0.025
S| intersection - 59.95 + (.85
E| until the mey 0.673 £0.021 0.759 £0.037F | 0.612 +£0.027% 0.761 = 0.040%,* | 0.777 £0.0427,*
E intersection ben 86.86 + 1.68 57.98 £2.197 60.17 £ 1.88% 58.15+£2.227,% | 56.18 £2.49*
< .
g humeral elev?tlon at 60.13 + 0.29
E 1ntersection
S| overthe | mgy | 0547=0018
S| intersection ben 94.49 +2.28

Table 3. a Slope and intercept parameters of regression lines characterizing scapulothoracic

and glenohumeral rhythms for physiotherapy group at different observation times.
mgp: slope of regression line of scapulothoracic rhythm; 7, slope of regression line of glenohumeral rhythm; &g

y-intercept of regression line of scapulothoracic rhythm; 4,;,: y-intercept of regression line of glenohumeral rhythm;

The linear regression line characterized by two parameters (slope and intercept), the other three parameters (humeral

elevation in intersection, slope and intercept over the intersection) shown as a blank cell.  Significant differences com-

pared to the control group, I significant differences compared to the state before treatment, * significant differences

compared to the state after treatment

Surgery group
Control group before after
Parameters surgery surgery -+ physio. after 2 years after 4 years
mean = SD mean = SD mean = SD mean = SD mean = SD

E untlthe | mgp | 0.303£0.015 0.244 +0.0287 | 0308 £0.0205 | 0.307+0.018%0 | 0.305%0.12%,0
£ | intersection | po. 75.08 + 1.04 99.14 1,99 | 7322422710 | 741519740 75.15%0.98%,0
g :
g | humeral elevation at | 59 ¢ ) 35 60.03 £ 0.72 58.87+0.55 60.10%0.44
"E mntersection
—;; overthe | mgp | 0.557£0.025 0.535 +0.027 0.547+0.023 0.558+0.024
3| intersection | 5. | 5995+0.85 60.19 = 0.61 60.02£0.67 59.880.74
E| unilthe | Mgy | 0673%0021 0.761 % 0.040F | 0.683 =0.029%,0 | 0.679%0.028%,0 | 0.677%0.018%,0
| intersection | 5. | 86.86= 1.68 56.12+1.69F | 87.87 £2.1450 | 87.15%1.954,0 | 86.75=1.12,0
= -
g humeral elevationat | 5 131 )9 59.69 = 1.07 60.01£0.87 60.69£0.20
= intersection
fg overthe | Mgy | 0.547£0.018 0.550 + 0.024 0.5490.024 0.5480.019
Sl !
| intersection | p .| 94.49+228 92.28+2.97 94.96%2.17 94.58+2.31

Table 3. b Slope and intercept parameters of regression lines characterizing scapulothoracic

and glenohumeral rhythms for surgery group at different observation times.

mgp: slope of regression line of scapulothoracic rhythm; m ;- slope of regression line of glenohumeral rhythm; &,

y-intercept of regression line of scapulothoracic rhythm; b,,,: y-intercept of regression line of glenohumeral rhythm;

The linear regression line characterized by two parameters (slope and intercept), the other three parameters (humeral

elevation in intersection, slope and intercept over the intersection) shown as a blank cell. § Significant differences com-

pared to the control group, I significant differences compared to the state before treatment, * significant differences

compared to the state after treatment, ¢ significant differences between physiotherapy and surgery group

169

4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0016



4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0016

Biomechanica Hungarica I11. évfolyam, 1. szdm

Relative displacement

ST and GH rhythm

on-off pattern of muscles

Physiotherapy group Surgery group
after afier
Parameters bljfi :i ltz’rz;gn_ after after Parameters before | surgery | after after
Phy . 2 years | 4 years surgery + 2 years | 4 years
therapy | physio- i
therapy physto.
Range of HE 0.602 0.605 | 0.588 | 0.495 Range of HE 0.602 0.592 0.588 | 0.645
Range of ST 0.005 0.016 | 0.008 | 0.004 Range of ST 0.006 | 0.271 0.288 | 0.228
Range of GH 0.004 0.037 0.027 | 0.006 Range of GH 0.004 0.225 0.256 | 0.267
£y <0.001 | 0.003 | 0.002 [ <0.001 Sy <0.001 | 0283 | 0274 0214
=
L
Sstx | 0,003 | 0.014 | 0.008 | 0.001 £ Csre | 0,003 | 0333 0337 0338
anterior-posterior S | |anterior-posterior
&
s, = s,
lateml-myedial 0.654 0.652 0.657 | 0.581 B Zatcml-myc’dial 0.654 0.681 0.701 0.707
S
S
Ests 0.001 0.009 0.004 | 0.001 = Stz 0.001 0.367 0.333 | 0.398
superior-inferior superior-inferior
wntil the |mse| 0014 | 0.054 | 0.035| 0.028 wntil the |mse| 0014 | 0294 | 0301| 0299
intersection | p 1 0.004 | 0.041 | 0.005 | 0.002 intersection | p | 0.004 | 0265 | 0308 0278
humej‘ml flez/z.ztzon humc:ral elcvz_ztlon 0346 0348 | 0347
at intersection at intersection
g
overthe |"’sT i over the |"'sT 0319 0321 0328
intersection by é intersection bey 0279 | 0288| 0293
O
Luntilthe [u| 0003 | 0018 | 0007| 0004 3 || it from 0.003 | 0311 | 0304 0312
imtersection 1, 10,001 | 0.002 | 0.001 [<0.001| B || g 0,001 | 0397 | 0385 0391
. n
/mmcfml eleuqtzon humt_’ml elew_ztlon 0473 0460 | 0.468
at intersection at intersection
overthe  Mcu overthe e 0.282 0.281 | 0.283
intersecti intersection
wiersection bon ben 0.351 | 0.350| 0.346
m. deltoideus | o001 | 0.14 | 0.005 | <0.001 m. deltoideus | o001 | 0136 | 0.147| 0.151
anterior anterior
m. deltoideus | o 001 | 012 | 0.06 |<0.001 R m. deltoideus | o 001 | 0,125 | 0.131] 0.126
medius 2 medius
g
. = .
m. deltoideus | 609 | 0,004 | 0.008| 0.007 S || e delroideus | 09 | <0.001 | 0.001| 0.002
posterior g posterior
m. supraspinatus | <0.001 0.001 | <0.001 | <0.001 & m. supraspinatus | <0.001 0.24 0.21 0.19
S
m. infraspinatus | <0.001 | <0.001 | <0.001 [ <0.001 g m. infraspinatus | <0.001 | <0.001 | <0.001 [ <0.001
m. biceps brachii | <0.001 0.04 0.003 | <0.001 m. biceps brachii | <0.001 0.35 0.39 0.37
m. triceps brachii | <0.001 0.008 0.002 | <0.001 m. triceps brachii | <0.001 0.41 0.34 0.26

Table 4. a P-values of difference in biomechanical

parameters between the physiotherapy group

and the control group

Table 4. b P-values of difference in biomechanical

parameters between the surgery group

and the control group
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Glenohumeral angle (deg) Scapulothoracic angle (deg)

/

~ control
~ before physiotherapy

~ before surgery

= physiotherapy group - after 4 yrs
= surgery group - after 4 yrs

~— physiotherapy group - after 4 yrs
e Surgery group - after 4 yrs
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/
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/ — before surgery

7

o 0 k] w ) 0 0 [ “

w0

Humeral elevation (deg)
£l

Figure 5. The average of regression lines of glenohumeral and scapulothoracic rhythms in the control
group, before treatment and after 4 years in the physiotherapy and surgery group

EMG in the physiotherapy (lll) and surgery (lll) group

Percent of motion cycle (m. triceps brachii) Percent of motion cycle (m. infraspinatus)
100% 100%
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0% T T T T |
Control before long-term 2 yrs after 4 yrs after Control before long-term 2 yrs after 4 yrs after

treatment physiotherapy treatment treatment treatment physiotherapy treatment treatment

Percent of motion cycle (m. supraspinatus) Percent of motion cycle (m. deltoideus, anterior)
100% 100%
90% 90%
80% 80%
70% 70%
60% 60% -
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% T T T T 1 0% T T T T 1
Control before long-term 2 yrs after 4 yrs after Control before long-term 2 yrs after 4 yrs after
treatment physiotherapy treatment treatment treatment physiotherapy treatment treatment
o0 Percent of motion cycle (m. deltoideus, medius) L00%, Percent of motion cycle (m. deltoideus, posterior)
3 3
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% T T T T 1 0%
Control before long-term 2 yrs after 4 yrs after Control before long-term 2 yrs after 4 yrs after
treatment physiotherapy treatment  treatment treatment physiotherapy treatment  treatment

Figure 6. The on-off patterns of muscle activity generated by normalization with modified muscle
contraction during elevation in the physiotherapy and surgery group at different times
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Discussion

The investigated motion (elevation in the scap-
ular plane) was continuous (motion was not
stopped for recording the position of different
anatomic points), so we determined potential
changes in the motion pattern of skeletal ele-
ments and changes in muscle activity. The
motion pattern of skeletal elements was char-
acterized by kinematic parameters: range of
HE, ST, GH, relative displacement between
the rotation centers of the scapula and the
humerus, and scapulothoracic and glenohu-
meral rhythms. The pattern of muscle activity
was characterized by the on-off pattern of
muscles, which modeled intramuscular coor-
dination. Patients with MDI had significant
alterations in shoulder kinematics (up to about
80° clevation) and in muscle activity compared
to the controls, which is in accordance with
carlier reportst1%1LI718  The ST and GH
rhythms were linear and did not show angula-
tion at 60° as in controls (where ST motion
gradually takes over from GH motion during
elevation), confirming the hypothesis of An
and Friedman' and Matsen'* (Figure 5). Long-
term physiotherapy only, by strengthening the
rotator cuff] triceps, serratus and deltoid mus-
cles did not restore the motion and duration of
the muscular activity of the shoulder joint and
at the control in the 2. and 4. years these values
were near to the values measured before physio-

therapy. In this investigation capsular shift

and postoperative physiotherapy restored the
motion and the muscular activity pattern
of the shoulder joint and at the control in
the 2. and 4. years the kinematic parameters
approached the control group, respectively
these have shown improvement compared
to the end-values of the rehabilitation. Our
comprehensive set of functional tests indicated
that surgery with postoperative physiotherapy
resolved ligamentous abnormalities by surgi-
cal treatment, and restored impaired muscular
control with consequent postoperative re-
habilitation, whereas physiotherapy restored
muscular control only.

Conclusion

In the MDI patients observed different scapu-
lothoracic and glenohumeral rhythms and
increased relative displacement between the
rotation centers of the scapula and humerus
cannot be restored by physiotherapy only.
After 2-4 years the on-off pattern of muscles in
the physiotherapy group turns same to EMG
in MDI group before treatment. Later was nec-
essary to execute operation on some patients
from this group. The duration of kinematic
parameters and muscular activity also can
be restored to normal after surgery with post-
operative physiotherapy and after two and four
years the measured biomechanic parameters

are nearly similar to control group.

REFERENCES

—

.An YH, Friedman R]. Multidirectional instability
of the glenohumeral joint. Orthop Clin North
Am 2000;31:275-85.

. Beasley L, Faryniarz DA, Hannafin JA. Multdi-
rectional instability of the shoulder in the female
athlete. Clin Sports Med 2000;19:331-49.

[3S]

(98]

. Brown GA, Tan JL, Kirkley A. The lax shoulder in
females: issues, answers but many more ques-

tions. Clin Ortop 2000;372:110-22.

4. Cooper RA, Brems JJ. The inferior capsular-shift
procedure for multidirectional instability of
the shoulder. J Bone Joint Surg Am 1992;74:
1516-21.

5. Illyés A, Kiss R. Method for determining the spa-
tial position of the shoulder with ultrasound-
based motion analyzer. Journal of Electromyog-
raphy and Kinesiology 2006;16:79-88.

172



Biomechanica Hungarica I11. évfolyam, 1. szdm

6. lllyés A, Kiss R. Kinematic and muscle activity
characteristics of multidirectional shoulder joint
instability during elevation. Knee Surg Sports
Traumatol Arthrosc. 2006;14:673—-685.

7. Illyés A, Kiss R. Shoulder joint kinematics dur-
ing elevation measured by ultrasound-based
measuring system. Journal of Electromyography

and Kinesiology 2007;17:355-364.

11.

uation and management of the shoulder. Phila-
delphia: W.B. Saunders; 1994. p. 59-109.

McFarland EG, Kim TK, Park HB, Neira CA,
Gutierrez MI. The eftect of variation in defini-
tion on the diagnosis of multidirectional insta-
bility of the shoulder. ] Bone Joint Surg Am
2003;85:2138—44.

12. Morrey BF, An KN. Biomechanics of the shoul-
8. Illyés A, Kiss R. Shoulder muscle activity during der. In: Rockwood Jr CA, Matsen FA, editors.
pushing, pulling, elevation and overhead throw. The shoulder 1990; vol. 1. Philadelphia: W.B.
Journal of Electromyography and Kinesiology Saunders; 1990. p. 208-45.
2005;15:282-289.
13. Neer CS, Foster CR. Inferior capsular shift for
9. Kiss |, Damrel D, Mackie A, Neumann L, Wallace involuntary inferior and multidirectional in-
WA. Non-operative treatment of multidirectio- stability of the shoulder. A preliminary report.
nal shoulder instability. Int Orthop. 2001;24(6): ] Bone Joint Surg Am. 1980 Sep;62(6):897-908.
354-7.
14. Sidles JA, Harryman DT, Harris SL. In vivo

4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0016

10. Matsen FA. Stability. In: Matsen FA, Lippit SB,
Sidlers JA, Harryman DT, editors. Practical eval-

quantification of glenohumeral stability. Trans
Orthop Res Soc. 1991;16:646.

Péter Nyiri

Saint John’s Hospital

Department of Orthopedics and Traumatology
H-1125 Budapest, Di6s 4drok 1-3.

175




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.06667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.06667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.16667
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


