SPINE AND INTERVERTEBRAL DISK BIOMECHANICS
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Normal variation in shape of the spine
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BIOCHEMICAL COMPOSITION

® (ollagen
® tensile strength
® 70% dry weight of outer annulus
® <20% dry weight of nucleus in young

® Proteoglycans
® stiffness, resistance to compression, and viscoelasticity
® -3% dry weight of outer annulus
® 50% dry weight of nucleus of young
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Eyre, D.R. and Muir, H. (1977) Biochimica et Biophysica Acta 492:29-42



Load Support in the Disc
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SPINE MECHANICS
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Average stiffngss values (N/mm and Nm/deg) for the adult human spine

Shear Bergiing Axial
Comp  (ant/post) L af (flexext)  Lat torgion Referance

- - — 0.0410.02 (.04 0.06

- — - 0.06/0.05 0.0 0.07
1317 12555 33 0.4/0.7 0.7 12
1200 BG/E7 2.713.3 3.0 2.6

B/ 145/143 14729 1.6 6.9

1000 7872 o7 2.43.0 3.6 4.6







muscle moment arm (~4 to 5 cm)
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Principle of Moments

F*]l =1*L
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Ax = CCW moment
By = CW moment

X

X, Y are moment arms



LIFTING A LEVER




MECHANICS OF LEVER




MECHANICAL ANALYSIS




NEWTON’S THIRD LAW

I:HAND



MOMENTS ABOUT SPINE
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SPINAL LOADING

Lifting carbon pieces out of
smelter electrochemical cell

Pieces weigh 890 N (200 lbs)

3327 N (748 bs) lumbar
compression




Graphical Analysis
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ELECTROMYOGRAPHY
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If you lift a weight,
which of the following
methods 1s best ?

A?
B?
Why?







DISK DEGENERATION




DEGENERATION THEORIES

Reduced nutrient transport
Decreased viable cells

Cell senescence

Apoptotic debris

Loss of proteoglycans
Fatigue failure of matrix
MMP degradation of matrix



Degenerative Cascade

Tissue
Adaptation

Degeneratlve
Changes

Altered
Mechanical
Environment
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AGING EFFECTS

® Anatomic
® [oss of disk height
® Protrusion of central disk into body
® Bulging or buckling of annulus

® Biochemical
® Fewer viable cells in nucleus
® Decreased proteoglycans and water in nucleus
® Collagen increases in nucleus



DEGENERATION AND AGE
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SHEAR MODULUS

NUCLEUS PROPERTIES

NORMAL M 1L D SEVERE

latridis, J.C. et al. (1997) JOR 15:318-322



Lumbar Stabilization




» Arthrodesis = surgical fixation of a joint

»Stiffer arthrodesis = better healing environment




Stiffness =Lo_ad

Ad

» Stiffness = quality index of arthrodesis
»>Instability = a lack of stability or the loss of stiffness



Free Body Diagrams



Free-Body Diagram for a Simple
Weight Holding Task




Meaan (SD) coordinates of vertebral body cenlars in healthy individuals
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g ig the inclination of the uppear andplate with the x axis, which is horizonta!, a positive angle

denodes an inclination balow the horizontal. Data from Ashton-Miller and Skogland (24).




Avarage segrmental range of motion {7} at sach sping igveM

Flexion/

Lewval Flaxion Extansion Extension Lateral banding Torslon
Qeos—C1 13% T30 Bf 0
C1-2 108 g [ 47
C2-3 8 3 10° g
C3—4 7 g 1" 11
Ca-5 10 2 13 12
CH-8 10 i 15 10
C6-7 13 5 12 3
C7-T1 B 4 14 B
T1-2 3 3 2 9
T2-3 4 3 ;]
T34 = 4 8
Ta-5 4 2 B8
T&5-& 5 2 B
TE-7 5 3 B
T7-8 5 2 B
T8 4 2 7
T5-10 3 2 4
T10-11 4 3 2
T=-12 4 3 2
Tt2-L1 5 3 2
Lt-2 2 8 & 1
L2-3 10 3 & 1
L34 12 1 & 2
L4-5 13 2 3 2
L5-31 9 5 1 1

Carvical and thoracic data from ref. 291, Cervical data from raf, 132 unléss othanwlse spec-
ified, Thoracic data from raf. 28. Values ara tolal Hlexion/axtension values. Lumbar data from
rels, 204, 208,

tData from raf, 291, p.65.




Schematic Representation of the LLumbar-
Trunk




. Data incorporated into the len single equivalant muscle L-3 cross-sectional mode!
Lacation of centroid

Area ratio Antercpasterior Lateral
Muscie Symbo! Line of action per side? oftset ratio? pffset ratio®

Rectus abdominis R Langhudinal 0.0060 {.540 121
Internal obligua ! Inclined 45° 10 (.0168 0.183 0.453
abdominals longRtudingl, in
sagittal plane

External obllgue Inclined 45° 1o 0.0148 0.1849 0.453
abdominals longitugingl, in
sagittal plane
Ermcior spinae Longitudinsl 0.0388 0.220 0.179
Latissimus domsi Inclined 45° 1o 0.0037 0.276 0.211
longitudinal, in
frontal plane

I ratto to trunk wicth times trunk depth.

B rom vertebral body center, in ratio to trunk depth.

“*rom vertebral body center, in ratio 10 trunk width.

The veriebral body center lies in the midseg/ttal plane at §.66 times the trunk depth irom the anterior-moed edge
of the cross saction.




The equations of equifibrium that govern the ten-muscla Cross-sactional model of Fig, 74

Eguations of foree equilibium:
Fe= 8+ (- Ly o ainy
Fr=Sa=(i+hsinf-{(X+X) —2ink
ﬁ=f5+5}+iﬂ+ﬁr}+{h+h}lHms*r+{a‘|+b}t—hcasﬂ+{,hj+xr}e+cus5-ﬂ
Equations of moment equilibhum:
M:{H‘l‘ﬁf}d—}jﬂ}-#[“-li-frlli—}{}‘ﬂﬁﬂ+{;1'|+.:':,]-;-}l:u5 Bl yo- (B + E)orve- L+ L) coayoy
M,:{H-Hr}{—!-.li’r+[{."|-I,]HE:EEB+{H]-}G}HI:DSE]HJ:;;+{E-Er]Hx.+{L4+L}Hm-rHH
Mezlli-BeorsnBe(X-Xosindox+{l-Losnyoy

Fy, F:ara tha net raaction force companants,
My, M. are tha nat reaction moment components.

S, S are the motion segment compression and shear farces.
L, A, 4 X ars the torces in the left-side eractor spinae, iatissimus dors), rectus abdominis, and infemal and
extarnal oblique muscles.

£, L. A, k. X are the comesponding rght-slde muscle forces,

B. & yare the angles shown in Fig. 7,

X X, X%, Xo A the positive distances fram the y axis for the corragponding muscies.

Yo A ¥ Ye 8ra the correspanding distancas from the x axis,
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Deformable Element Model of the Spine

An example of 3 dafcrmable elament
modal that -mcarpodaias 118 rigid alemenls and
502 daformable glements. This modal was usad
b stucly how e configuratan gl tha 7Ib cage
might be altared by defarmiilas that ooour in e
Bpine B Bcodinsis MHOgrasses (B6).







This is about 10 x body weight !
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Technique 1s designed to overcome
relative weakness of our arms.

In all positions, elbows and

shoulders are almost directly

above or below the bar, thus
creating small moments.
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The moments that gravitational forces produce at L5-S1 depend on their moment arms. These depend on:

the size of the mass that the woman lifts, or the mass' distance from the woman's body.

® She can minimize flexor
moments on L5-S1 if she
holds the mass so that its
center of gravity is close to
her body as she lifts it.

The woman’s lifting posture: .
® She can minimize flexor L= 1010 Ly 4 1

X Lp =1EIM Lp=14H

moments on L5'S1 lf She FLEXIDN WMOGIENT FLEXIOM My IMERT FLEXIQM MOMEHT
. = 50 [N'LEIS =120 IM'LES = T'LES

bends her knees to lift T e e

rather than lifting with
straight knees
(Nordin & Frankel, 1989, Fig.10-22)


http://moon.ouhsc.edu/dthompso/namics/gifiles/uplift.gif

Vertebral fractures

® Difficult to study

Definition is controversial

Many do not come to clinical attention
Slow vs. acute onset

The event that causes the fracture is often
unknown

® Poor understanding of the relationship betweel
spinal loading and vertebral fragility




Factor of risk for vertebral fracture (L2)
Bending forwards 90° with 10 kg weight in hands

1.8
1.6 -
1.4
1.2 1
1.0 -
0.8
0.6 1
0.4
0.2 1 +28% over life** 0.2 +92% over life** t

0.0 + ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ 0.0 T T l | | | x r

10 20 30 40 50 60 70 80 90 10 10 20 30 40 50 60 70 80 90 10
Age Age

** P<0.005 for age-regressions

p<0.01 for comparison of age-related change in M and W

Bouxsein et al. J] Bone Miner Res. 2006; 21:1475-82



FE MODEL OF THE INTACT SEGMENT
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Upper Extremity Biomechanics



GLENOHUMERAL LOADING

® Method
® |sometric arm abduction

® Muscle force proportional
to EMG

® Results
® Max = 0.89 x BW
® Max at 90° abduction

Poppen, N.K. and Walker, P.S. (1978) CORR 135:165-170.



Biomechanics

® Throwing a baseball is an unnatural movement

® Excessively high forces are generated at the elbow and
shoulder

® Throwing requires flexibility, strength, coordination



Biomechanics

® Phases of throwing:

® Windup

® Cocking

® Acceleration

® Deceleration

® Follow-through



Biomechanics

Wind up Cocking Acceleration Deceleralion

The 4 phases ol throwing



Biomechanics

® Windup

® Body placed in good starting position
® Gains momentum in forward direction
® |asts 0.5 to 1.0 seconds

® Minimal muscle activity



Biomechanics

® Cocking

® Begins with front foot contact

® Fnds with shoulder in maximal external rotation
(MER)

® Elbow flexed, forearm supinated
® |asts 0.1 to 0.15 seconds

® Deltoid, rotator cuff, medial and lateral elbow
musculature highly active during cocking phase



Biomechanics

® Acceleration
® Begins with MER
® Fnds with ball release

® Arm moves to a position of internal rotation and
adduction at the shoulder and extension at the
elbow

® | asts a few hundredths of a second

® | arge valgus and extension forces generated at the
elbow



Biomechanics

® Deceleration/Follow-through

® Begins with maximal internal rotation (MIR)
® Ends with foot contact

® Follow-through is complete when pitcher achieves a
balanced position and is ready to resume play
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