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Intro

* Posterior capsule tightness is very common among athletes
* Overhead throwing athlete
* Internal impingement
* Glenohumeral internal rotation deficit
* Posterior shoulder tightness

* Management
e Stretching
* Restore flexibility to the posterior shoulder
e Usually successful
* Improvements in ROM
* Internal rotation
e Total arc of motion
* Horizontal adduction
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* Many well described posterior capsule shoulder stretches
e “Sleeper-stretch”
e “Cross-body/Swimmer stretch”

\ i “_7"1 X ) =
k. .".\..\ .1‘_\ ‘|

\ N

I' \

Il

' {

7T DNMC

40 )y
‘ Sports Medicine



* At ourinstitution
* “Forehead-stretch”
* Places the effected sides hand on the forehead with
the shoulder at 90° of forward flexion
 QOpposite arm is used to place an adduction force on
the elbow across the body
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Clinical Outcomes

Stretching the posterior shoulder structures in subjects

A Randomized Controlled Comparison
with internal rotation deficit{ comparison of two stretching

of Stretching Procedures for Posterior

1 i i) techniques
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* Significant improvements are seen in internal rotation ROM using cross-body stretch
and sleeper stretch when compared to a control group

* |n addition, patients show a significant improvement in pain assessment scores, and a
significant increase in Modified Rowe Score
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PurEose

* To our knowledge
* Biomechanical application of common stretching positions has not been
performed

 Our goal
* Combine biomechanics to clinical application
* Quantify the stretch on the posterior capsule in 3 stretching positions
* Sleeper Stretch
* Swimmer Stretch
* Forehead Stretch

* Determine the maximum load and maximum displacement before failure
* Sleeper stretch
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Methods

* 9 cadaver specimens
* Upper extremity

* Posterior approach to glenohumeral joint

* Displacement Variable Reluctance Transducer (DVRT)
e Superior capsule
 Middle capsule
* Inferior capsule

Relationship between shear modulus and passive tension of the
posterior shoulder capsule using ultrasound shear wave elastography:
A cadaveric study

Naoya lida *", Keigo Taniguchi “*, Kota Watanabe ¢, Hiroki Miyamoto?, Tatsuya Taniguchi?,
Mineko Fujimiya ¢, Masaki Katayose ©

Quantifying strain on posterior shoulder tissues during 5
simulated clinical tests: A cadaver study




e Scapula mounted to scapular mount for
stretch positioning

 Handheld dynamometer
* Place at distal extremity to measure
amount of force to complete stretch
(N)
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* Upper extremity specimen manually positioned and taken through
stretching motion to complete stretch
* Sleeper stretch
e Adduction stretch
* Forehead stretch

* No literature describing final position of stretch
» “stretch is performed until the patient feels a pull against the
shoulder tightness, but not to the point of pain”




Each stretch completed at 45° from starting position
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* Upper extremity/shoulder taken through each stretching motion
e Data collected
* Handheld Dynamometer
* Force needed to complete stretch

e DVRT
* Amount of displacement (stretch) of posterior capsule
* Superior
 Middle
* Inferior
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* Upper extremity mounted in Instron®
* Sleeper stretch
* From starting position
 Arm continually internally
rotated until failure of capsule

Load(Linear (0,1):Load) (N)
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Results

Position DVRT Mean Std. Deviation N
Sleeper Superior .0005 00103 9
Mid 3360 50273 9
Inferior 1.0553 1.82635 9 Estimated Marginal Means of Stretch
Total 4639 1.14244 27 150 DVRT
ForeHead  Superior .0000 .00000 9 T B Superior
Mid 6925 1.42065 9 M vid
s [ inferior
Inferior 0796 15685 9 . T
Total 2570 85329 27 @ 5
Swimmer  Superior 0943 28263 9 =
Mid 9771 1.94288 9 c -
Inferior JO31 1.24311 9 g
Total 5215 1.34046 27 E 50
Total Superior 0316 16316 27 g
Mid 6685 1.38985 27 £
Inferior 5423 1.29451 27 o 4
Total 4142 1.12154 81 00
= 95% Confidence Sleeper ForeHead Swimmer
Interval
) ) Dif“f':a?::ce Std. : Lower | Upper Position
DVRT DVRT (I-J) Error Sig. Bound Bound Error bars: +- 1 SE
Superior  Mid -6369" | 30132 |[.038 | -1.2376 | -0363
Inferior -5107 | 30132 | .094 | -1.1114 | .0899
Mid Superior 6369° | 30132 ||.038 0363 | 1.2376 DMC
Inferior 1262 | 30132 | 677 - 4745 7269 - =
Inferior  Superior 5107 | 30132 | 094 | -0899 | 1.1114 Sports Medicine
Mid -1262 | 30132 | 677 | -7269 | .4745




Stretching Positions for the Posterior
Capsule of the Glenohumeral Joint

Strain Measurement Using Cadaver Specimens

Tomoki Izumi, RPT, MS, Mitsuhiro Aoki,” MD, PhD, Takayuki Muraki, RPT, PhD,
Egi Hidaka, RPT, MS, and Shigenori Miyamoto, RPT, PhD

From the Department of Physical Therapy, Sapporo Medical University

School of Health Sciences, Sapporo, Japan

American Journal of Sports Medicine, 2008

TABLE 2
Strain of the Posterior Capsule and Glenohumeral Stretching Positions”
Part of Capsule Elev 0° Elev 30° Elev 60° Elev 90° Flex 60° Abd 60° Ext 30° [Horizontal Add
Upper 3.02(387° 0 0 0 0 0 3.35 (6.07)° 0
Middle 0.78 (4.90) 477 (2.37)° 0 0 0 0 0 0
Lower 0 5.65(4.30°  2.24(10.15)° 0 0 0 2.88 (4.24)° 0
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Results

Marginal difference in stretch
displacement (excursion)
between inferior and middle
portion of posterior capsule

Significant difference between
the stretch of the superior
capsule compared to inferior and
middle capsule

Estimated Marginal Means

Estimated Marginal Means of Stretch

DVRT

O Superior
M vid
[ inferior

ForeHead Swimmer

@
@
o
@

Position

Error bars: +/- 1 SE
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Results — Maximum Failure

« Maximum Torque (mean) =16.5 Nm

e Statistically significant
Based on K-S analysis
* Normal Distribution

Based on S-W data

* Maximum Rotation (mean) = 156°

Torque

Frequency
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25.0000

30.0000

Mean = 16.5330
Std. Dev. = 8.4867
N=8

Torque
N Minimum | Maximum Mean Std. Deviation Skewness Kurtosis

Std.

Statistic Statistic Statistic Statistic Statistic Statistic Error Statistic Std. Error

Torque 8 6.7388 30.7741 16.533025 8.4866952 934 752 -.242 1.481

Rotation 8 651.6486 250.4990 156.074713 69.2281818 .246 152 -.876 1.481

Valid N (listwise) 8
Kolmogorov-Smirnov? Shapiro-Wilk DNC

Torque .300 8 032 .867 8 140
Rotation 189 | 8 | 2007 916 | 8 | .399




Capsular Properties of the Shoulder

Ew1 Itor, Joun J. GrRaBowskl, BERNARD F. MorrEY and
Kar-Nan Awn

Biomechanics Laboratory, Department of Orthopedics, Mayo
Clinic/ Mayo Foundation, Rochester, Minnesota, USA

Journal of Experimental Medicine, 1993

Capsular Properties of the Shoulder
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Structural and mechanical properties of the glenohumeral
joint posterior capsule

‘;
Michael ). Bey, PhD,® Shawn A. Hunter, PhD,P Navin Kilambi, MD,* David L. Butler, PhD,? and =
Thomas N. Lindenfeld, MD,¢ Detroit, M, and Cincinnati, OH ' L
Uern lem
Journal of shoulder and Elbow Surgery, 2005
Noyes Gi tras Bio

University of Cincinpati

* Each portion of capsule removed from
specimen

e Tested Axial Strain
* Inline tension

Table 1 Posterior capsule material properties

Property SUP-PC MID-PC INF-PC AB-IGHL
Maximum siress (MPa) 5.8(4.1) 8.4 (3.8) 9.5(3.7) 8.7 (3.8)
Modulus (MPa) 28.4(16.5) 44.9 (22.8) 56.8 (39.8) 37.7 (19.2)
Failure strain 0.27 (0.15) 0.26 (0.07) 0.22 (0.07) 0.36 (0.15)
Strain energy density (N-mm/mm?3) 0.9 (1.06) 1.07 (0.58) 1.00 (0.36) 1.6(1.11)
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Results

* No previous study has evaluated maximum failure of the posterior capsule
in the sleeper position
 No data to compare to (no control)
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* Forehead stretch consistently
required the most force to complete
the stretch

e 60N = approx. 13.5 Ibs of force

Results

70

60

[}
#Specimen Stretch Position (Newtons) from handheld £ 40
Dynamometer 2 T
Sleeper Forehead Swimmer g
Adduction =
1 41 55 35
2 35 46 31 10
3 42 52 32
4 21 438 30 0
5 20 35 30 sleeper Forehead Swimmer
6 40 62 32 Position
7 24 60 32
8 34 37 26
S 34 38 35
Std. Std. 95% Confidence Interval for Mean
N Mean Deviation Error Lower Bound Upper Bound Minimum | Maximum
sleeper 9 3233 8.588 2.863 2513 38.93 20 42
Forehead 9 4811 9.993 3.331 40.43 55.79 35 62
Swimmer 9 31.44 2.744 915 29.34 3355 26 35
Total 27 37.30 10.798 2.078 33.02 41.57 20 62
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Discussion

* Our Study design
e Sleeper and swimmer stretch had same starting
position (90° FF + 90° IR) T

* Sleeper: IR force | I

* Inferior capsule

e Swimmer: Adduction force
* Forehead stretch starting position (90° FF, No IR) N

Estimated Marginal Means of Stretch

DVRT

“oms

Estimated Marginal Me

* Middle Capsule
* Adduction Force
* Middle capsule
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Discussion

Suggests Internal Rotation at starting position effects both middle and inferior
portion of posterior capsule
e Ability to stretch
* Anatomic
* Biomechanic
* May affect the redundancy of the capsule at the starting position
of the stretch
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Conclusion

Estimated Marginal Means of Stretch

l Il:l

Position

DVRT

* Of the 3 stretching positions tested
» Sleeper stretch is best for
* Inferior Capsule
* Internal Rotation
 Swimmer Stretch is best for
* Middle Capsule
e Adduction

T omm

Estimated Marginal Means

* Internal rotation has an anatomic or biomechanical effect on the shoulder
* Allow for increased stretch displacement of the inferior and middle portion of the
posterior capsule
* Less force to complete stretch
* Further studies are needed to investigate

*  Maximum Failure Torque of the Sleeper Stretch is 16.5 Nm
e Further studies are needed to compare maximum failure torque of sleeper stretch to

other stretching positions
DMC
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