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주상화 대표



Stabilizer vs. Mobilizer 











Cervical spine

First. Anatomy 



The cradle 



The cradle 



The cradle 



The cradle muscles 



Visual pathway



Motion of the cradle 

(Neumann., 2002)



The axis of the cervical spine



Atlanto-axial rotation



Atlantoaxial joint



Atlantoaxial joint



The restraints to axial rotation



Transverse ligament



Spine ligaments 

(Panjabi, 1980)

ALL and PLL 

Intertransverse ligament

Interspinous and Supraspinous ligament

Ligamentum Flavum



Ligamentum nuchae



Ligamentum nuchae



Ligament strain



Cervical normal ROM



Cervical <-> Thoracic spine 



ROM at different levels of the spine
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The glenohumeral joint

The acromioclavicular joint

The sternoclavicular joint

The scapulothoracic joint



Scapular and Clavicle



The Shoulder (Glenohumeral) Joint

01 Labrum

02 Glenoid cartilage

03 Shoulder capsule





Acromioclavicular Joint



AC Joint



Trapezoid Ligament



The Sternum



Sternoclavicular Joint



Movement of the Clavicle



Subclavius



Shoulder Stability

• Static vs. Dynamic 

Static

Dynamic

Functional 
joint 

stability



What is the shoulder instability?

Shoulder Stability



1. Articular geometry

(Lephart, 2008) 

- 1/3 or 1/4

- Long axis rotation

Shoulder Stability



Shoulder Stability



Glenohumeral Joint Kinematics 

Humerus superior and anterior translation

(Ludewig and Cook, 2002; Deutsch et al., 1996; Paletta et al., 1997)

During GH elevation 

- Superior transition : 1 ~ 1.5 mm

- Anterior transition : 3 mm



2. Capsuloligamentous tissue

(Lephart, 2008) 

Shoulder Stability



Rotator cuff 

Supraspinatus 

Anterior area - Fusiform tendon

- larger muscle area

- Smaller tendon area

Posterior area – Strap like 

- Larger tendon area

- Smaller muscle area

(Roh MS et al., 2000)



Rotator cuff 

(Pandey and willems, 2015)

Subscapularis 

Largest and Strongest rotator cuff

Transverse force couple 

Superior part

Inferior part 



Rotator cuff 

(Burkhart, 2000)

Infraspinatus and Teres minor 

Transverse force couple

Eccentric ability  



Muscular stabilizer

(Lephart, 2008) 



Eccentric contraction



2. Rotator cable

(Bankhart, 1992)



Serratus anterior 



Serratus anterior 



Serratus Anterior 



Proprioception 

(Freeman MAR, Dean M, Hanhan I, 1965)



Ruffini
endings

Pacinian 
corpuscles

Golgi tendon 
organs

Muscle 
spindles



3. Shoulder instability

5. Proprioceptors location  

(Lephart, 2008) 







RMSSD(평균편차) : NN 간격차의제곱평균에대한제곱근

SDNN(맥박표준편차) : NN 간격의분산의제곱근
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Lumbar Spine

(Andrew Biel, 2005)



Biomechanical functions of the spinal system 

To allow movements between body parts

To carry loads 

To protect the spinal cord and nerve root

(White and Panjabi, 1990)

1

2

3



Intervertebral Disc

(Phillips, The lumbar Intervertevral Disc)

Type 1 collagen 

Type 2 collagen

Proteoglycan



(Pezowicz et al, 2005)

Annulus Fibrosus



(Panjabi and White 1980)

Annulus Fibrosus

- Sodium(나트륨)

- potassium(칼륨)

- Calcium

- Water 

20% ~> 70%



Nucleus Pulposus

(Panjabi and White 1980)

80% ~> 70%

Modified Proteoglycan



(Grunhagen et al, 2006)

Concentrations of Disc 



(Grunhagen et al, 2006)

Concentrations of Disc 



Disc load

(White and Panjabi, 1978)



Disc load

(White and Panjabi, 1978)



Ligamentum flavum

(Panjabi, 1980)

Pretension(L3~L4)

18N ~> 5N

35% of Flexion

10% of extension



(Norkin and Levangie, 1992) 

Tonic and Phasic Muscles 



Tonic muscles 

(Norkin and Levangie, 1992) 



Phasic muscles 

(Norkin and Levangie, 1992) 



Diaphragm breathing 

(Chaitow et al., 2014)



Diaphragm breathing 

(Kolár P, Šulc J, Kyncl M, et al., 2012) 



Diaphragm breathing 

(Kolár P, Šulc J, Kyncl M, et al., 2012) 



Spinal stability degrees 

(Panjabi, 2003)



Injury Degeneration Disease

(Panjabi, 1992)



Balance and Body Sway of Subjects with LBP

(Sinnott, 1991)
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Overuse Injuries in youth athletes

(Mari, 2015) 



Soccer ACL injuries Rates NCAA 1989-2003

(Mari, 2013) 



Prevalence of Knee pain

19% in the populations 

50% of all knee pain are associated with non-sporting activities

(Yawn et al., 2000)



1. Minimum energy from muscle 

2. Stability

3. Transmitting, absorbing and redistributing Forces

Main biomechanical roles of the knee joint complex 

(Masouros et al., 2010) 

Static stability 

Passive stability 

Active stability 



First ANATOMY 



Translation

Anterior-Posterior translation(5~10mm)

Medio-Lateral translation(1-2mm) Compression translation(2-5mm)

(Masouros et al., 2010) 



Screw home mechanism

(Nordin & Frankel, 1989)



Screw home mechanism

(Nordin & Frankel, 1989)

Altered hinge joint 



Patellofemoral contact area 



Ligaments 
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Introduction 

The knee is a complex joint (Figs. 10.1 and 10.2) with
three bones (femur, tibia, and patella), two degrees of
freedom of motion, and three articulating surfaces: the
medial tibiofemoral, lateral tibiofemoral, and
patellofemoral articulations, which are enclosed by a
common joint capsule.However,not all of its ligaments
lie within the capsule.

Functionally, the knee can support the body weight
in the erect position without muscle activity;an individ-
ual is able to rely on the joint’s ligaments to maintain
quiet standing.The knee plays a primary role in lower-
ing and elevating body weight during sitting,squatting,

and climbing,and it permits rotation of the body when
turning on the planted foot as a football receiver does
when avoiding a pursuing tackler. In walking and run-
ning, the normal knee reduces vertical and lateral oscil-
lations of the center of gravity of the body1 while sus-
taining vertical forces equal to four to six times body
weight.2, 3 Some of the muscles that control the knee
joint also cross either the hip or the ankle,so there is an
intimate relationship between the knee and both of
these other joints.

Although it is the largest joint in the body, the knee
is among the more frequently injured joints within ath-
letic and industrial environments.4, 5 One factor that

CLINICAL SCENARIO
Logan experiences pain when he goes up and down stairs, squats, and kneels. He enjoys going on long

mountainous climbs but notices his left knee was painful for several days following the weekend that

he hiked up and down the mountains in Yosemite National Park. Today is his first day with a clinician

with whom he made an appointment to see if he can get rid of his knee pain. Cole, his clinician, has

just taken Logan’s history and is about to begin his examination. Cole tells Logan that he has a good

indication of what Logan has but wants to perform a few tests before talking over treatment options.

Figure  10 .1 The anterior view of a right knee of a

young adult flexed to about 90°. The anterior

capsule is excised and the patella turned down to

view the joint.
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ACL
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Decent : (26 ± 31 N vs. 95 ± 40 N)

Ascent : (28 ± 36 N vs. 49 ± 57 N)

ACL forces 
(Hemmerich et al., 2006)

Feet flat Heels elevated







Ligaments 



Ligaments 



Meniscofemoral ligament



Meniscofemoral ligament



Meniscofemoral ligament



Nerves 

(Weinstock, 2010)



Nerves



Muscles 



Co-contraction



Muscles 



Muscles



PFPS



80%

74% 

(Powers et al., 2011)

Injury recurrence 

Physical activity 



- Local factors

- Distal factors

- Proximal factors 

PFPS



Local factors 

Overload of the Subchondral bone
Femoral trochlea sulcus

(lateral inclination) 

(Amis, 2008)(Powers, 2012)



Local factors 

Medial patellofemoral ligament

(Panagiotopoulos, 2006)

Patella cartilage thickness

(Draper, 2006)
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Local factors

(Wilson et al., 2009)



Local factors 

(Wilson et al., 2009)



Distal factors 

Foot Function

-Navicular drop 

-Rearfoot eversion 

-Dorsi flexion 

(Boling, 2012; Barton, 2012; Leitch, 2012)
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Proximal factors 
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Ankle injury rate 

(Bridgman et al., 2003)



Ankle injury rate in sports

1. Aeroball

2. Wall climbing

3. Volleyball

4. Mountaineering

5. Netball

6. Track and Field

(Chan et al., 2007)



Biomechanical role of the ankle joint

1. Absorbing and dissipating normal or abnormal force 

2. The combination of stability and mobility  3. Weight bearing joint of the leg

(McPoil and Knecht., 1987) 



Tibia and Fibula 

Tibia 

- Primary weight-bearing bone

- Concave shape of distal part

Fibula 

- Secondary weight-bearing bone

- Protect peroneal nerve 

(McPoil & Knecht., 1987) 



Ankle and Foot bones

(Hamilton & Ziemer., 1981) 



Ankle Kinematics

Talocrural Joint 

- 20 degrees of DF

- 50 degrees of PF

-> Mobility 

Subtalar  Joint 

- 5 degrees of E, Inversion

-> Stability 

(Hemmerich et al., 2006) 



Talocrural joint

30 degree of PF

: 28 degree of PF

1 degree of IR

4 degree of IV

30 degree of DF

: 23 degree of DF

9 degree of ER

2 degree of EV 



Subtalar joint 



Subtalar joint 



Ligaments 

(Stormont et al., 1985) 



Ligaments for supporting arch

(Lippert., 2011)



Fessi Line

(Hamilton & Ziemer., 1981) 



Arches of the foot 

(Lippert., 2011)



Transverse Arch



Transverse metatarsal L







Muscles of the ankle joint 



TA and PL



Gastrocnemius 



Saphenous Vein 



DVT and Varicose vein 



Varicose vein 



Achilles tendon



Tensile force of AT

forces of 9 kN

corresponding to 12.5 times body weight

(Komi et al., 1992) 



Tendon 



Tenocyte

https://www.youtube.com/watch?v=fBMUH5LhnzU

https://www.youtube.com/watch?v=fBMUH5LhnzU


Tendon blood supply

Extrinsic system 

Intrinsic system



Myotendinous Junction(I)

(Charvet et al., 2012) 



Osteotendinous Junction(I)

(Shahab-Osterloh et al., 2010)



Paratenon and Synovial sheath(E) 



Tendon rehabilitation

(Mascaro et al., 2018)



Retinaculum 



Plantar Fascia 



Windlass Effect



Windlass Effect





Pelvis with ankle position



Nerves



Nerves



Nerves



Mechanoreceptor of the foot

(Strzalkowski et al., 2018)



Mechanoreceptors type

(Strzalkowski et al., 2018)



Mechanoreceptors 



Ankle Instability
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