Alteration of mechanical properties of Achillestendon complex as adaptation
to mechanical stress and compensation for tendinosis from overuse.

Egawa, Yousuke
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Table 1-2-1
Table 1-2-1 (82)
Collagen type Molecular formula Molecular weight (deltons) Amount in tendon Location in tendon
Collagen fibers, endotenon,
[oa( )0, 95000 97%-98% epitenon, paratenon, MTJ
(embryonal) [o (s 95000 Embryonal tendon
[o (s 95000 0.2%-0.8% Cartilaginous zone of the OTJ
[a )z 95000 1.0%-1.5% Endotenon, paratenon, vascular walls, MTJ
[pro-a 4( )3 180000 0.2% vascular basement membranes, MTJ
[Aa 4(Bat )l 300000 0.2% Vascular walls, MTJ
type
type
type
type tensile
strength (82)
type
type type
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Mademli et al.

Hz A D MacLab/8, type ML780, AD
Instruments VAIO-PCG-Z1V, SONY
2 10
Fm=k x TQ x MA*
Fm(N)
TQ(Nm) k
PCSA Physiological Cross-sectional Area PCSA
1 % (61) MA 0
MA Visser et al. (192)
Bobbert et al. (27) Appendix
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Figure 3-1-2
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L (mm) TL
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Strain (%) = Lx TL™*x 100
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in vivo
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toe region

Fisher ~ PLSD
5%
3-1-3.
LDR
Figure
3-1-3
Table 3-1-1
Table 3-1-1
LDR sP SW CcT p 005
n 9 9 8 7
age vy 19.8 £ 1.0 203 + 1.2 20.1 + 0.8 227 =19
athletic career (y) 78 £ 1.2 79 £ 13 114 £ 0.5
height (cm) 1709 = 5.6 173.0 £ 35 173.8 £ 5.1 1733 = 5.1 N.S.
weight (kg) 575 £ 4.0 662 + 3.8 70.4 + 6.0 63.1 + 69 SW,SP  CT,LDR
lower leg length (cm) 393 + 22 400 + 1.7 393 £ 1.3 395 + 1.9 SP CT,LDR,SW
tendon length (mm) 217 £ 14.0 221 + 26 212 + 19.0 224 + 15 SP SW
tendon length / tibial length 0.55 = 0.04 0.55 + 0.05 0.54 + 0.04 0.57 + 0.03 N.S.
tendon thickness (mm) 50 £03 57 £ 04 49 + 04 51 £ 0.1 SP LDR,CT,SW
tendon thickness/ weight (mm/kg) 0.087 = 0.01 0.082 + 0.008 0.070 + 0.008 0.083 + 0.008 LDR,SP,CT SW
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4
Table 3-1-2
strain (Table 3-1-2, Figure 3-1-4) 10%MVC
strain 50 MVC
strain 100 MVC
strain
Table 3-1-2 MvC strain
LDR SP SW CT p 0.05

MVC (N) 628.6 £ 70.0 8619 =+ 115.6 9293 + 129.1 6753 £ 115.7 SP,SW LDR,CT

strainat MVC (% ) 73 £ 1.6 87 £ 1.3 100 += 1.8 7.1 £ 1.0 SW LDR,CT

strain at 50% MVC (% ) 55 + 14 6.1 £ 12 67 £ 14 39 +£ 1.0 SW,SP,CT CT

strain at 10% MVC (% ) 19 + 0.7 2.1 + 06 22 + 0.6 1.5 = 1.0 N.S.
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Figure 3-1-4 104MVC(A) 50%MVC(B) 100%MVC(C) strain

stiffness

Young’s modulus

p=0.11
(Table 3-1-3,
Figure 3-1-5)
Table 3-1-3
LDR SP SwW CT p 005
stiffness (N/mm) 103.4 + 64.6 71.5 £ 31.7 712 + 204 540 + 145 LDR CT
young's modulus 82 + 3.5 44 + 1.6 6.0 + 2.1 38 + 1.2 LDR SP.CT
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(154) (169) (181) (180)
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Kubo et al. (109) CSA Cross-sectional Area

CSA
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(30) (169)

type

(107) (106) (136) (154) (169) (180) Rollhauser et al. (159) 42

Michna et al. (136)

(161)

Young’s

modulus

16

(169)

(99)

(180) (181)

40



Tipton et al. (180)
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et al. (110)

(34)

(110)
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(193)

(134)

MRI
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3-2-2

GC tightness
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(135)

general laxity point : GLP

0.5

stiffness

Figure 3-2-1

LTZ - 100KA
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dynamomeier

Ultrasonagraphy

Figure 3-2-1
3 1
El
El F MA m mx 1072
295mm L 50
100 MVC MVC 50 MVC
(134)
(193)
Sever calcaneal tubercle
Osgood-Schlatter tibial tuberosity Buchman iliac spine
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Spearman Fisher  PLSD
Spearman
5
3-2-3.
GC tightness
GLP: general laxity point Table 3-2-1
Table 3-2-1
Elementary year
3rd 4th 5th 6th
height (cm) 1298 + 74 1358 + 6.3 1403 + 73 1475 + 83 *
weight (kg ) 283 = 4.6 309 + 85 348 = 72 345 + 6.8 *
foot length ( cm ) 200 = 1.1 208 = 12 215 £ 1.5 226 £ 1.6 *
lower leg length (cm ) 29.8 + 23 31,1+ 2.0 322 + 19 339 + 2.0 *
tendon length ( mm ) 138 + 19 145 + 18 152 + 8 159 + 18 *
tendon length/lower leg length 0.46 + 0.04 047 £ 0.04 0.47 + 0.04 048 =+ 0.04 N.S.
GC tightness (°) 173 £ 79 174 + 6.1 129 = 93 133 + 8.0 N.S.
GLP 27 + 1.5 27 + 13 1.8 + 1.7 20 + 1.0 N.S.
n 15 18 10 9
*:p 0.05
( Table
3-2-2) 1.00 1.38
1.49
( dLmax at MVC )
1.00

a7



1.20

2.26 3.06

p = 0.04

70.3 4 66.5 5 156.9 6

129.8 ( Figure 3-2-2, Table 3-2- )
Table 3-2-2
Elementary year
3rd 4th 5th 6th
MVC (N) 130.7 += 399 1642 + 385 180.0 + 36.1 1948 + 91.1 *
dLmax at MVC (mm ) 187 + 23 175 £ 2.1 19.8 = 2.2 188 = 3.6 N.S.
Elastic Index (Nm/mx10 *) 77 £ 54 92 + 6.1 174 + 273 23.6 + 306 *
*:p 0.05
&6l
S 50
E
§ 40 7
w A0 ]
o
=
=
L
=
=2 107
[
0=
ad _q':h 5Ih E'.I
"k mppagd S0
Figure 3-2-2 El

( Table 3-2-3)
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Table 3-2-3

Elementary year
3rd 4th Sth 6th total
no tenderness ( n ) 11 4 3 5 23
local tenderness (n) 4 14 7 4 29
calcaneal tubercle (n) 4 14 7 4 29
tibial tuberosity (n ) 0 1 2 2 5
iliac spine (n) 0 0 2 2 4

(p =0.07, Figure 3-2-3)

Elastic Index | Nm/mxid? ]

local temdermess fo tenderness
Figure 3-2-3 El

El
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(108) (49)

(66) (169) Shadwick et al. (167)

0.16Gpa 1.6Gpa

Nakagawa et al. (142) tensile strength

Kubo et al. (108) 10

10 14 24

(88) (160) (172) (173)

(193)
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MTC
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3-3-1.

(7) (30) (32) (182) (199) (202) (203)

(124)
Linear region

(32)

(16)

52

overuse injury

(92) (93) (152)



SSC

ALOLKA-SSD1000

MVC

stiffness, youg's modulus

stretch-shortening cycle:

SSC
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(112)

MG
Figure 3-3-1
0 MG
P1 P3
P1 P3
MG P2
P1
P3 (139) P1 P

P2 MG
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Superficial sponeorosis Muscle-tendon junction
3 1

Diistal tendon

Inanrtian af the MG (F1) Insertion of the achilles tenden (F3)
"% Beanmed aree
Figure 3-3-1 Muramatsu, 2002 (139)
+
T MVC

Fisher PLSD

5%

3-3-3.

Table 3-3-1

Table 3-3-2

MVC
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Table 3-3-1

pre post
age (y) 21.1 £ 1.1 -
height (cm ) 172.1 + 5.1 -
weight (kg) 648 + 5.8 -
tibial length ( cm ) 405 + 2.1 -
tendon length ( mm ) 184 + 26 188 + 26 *
tendon length/tibial length 045 + 0.06 046 + 0.06 *
tendon thickness ( mm ) 47 £ 03 50 £ 04 *
pennation angle(° 151 =+ 4.2 190 + 2.7 *
:p 0.05 p 001 :p 0001
Table 3-3-2
tendon length (mm) tendon thickness (mm) pennation angle (°)
subject pre post pre post pre post
A 163 170 4.9 5.0 9 20
B 182 198 4.6 4.9 18 20
C 212 218 5.0 53 19 18
D 153 154 4.5 5.1 13 16
E 176 178 4.8 5.1 12 16
F 195 195 4.7 5.0 22 25
G 157 164 4.4 4.6 13 18
H 214 217 4.8 6.0 10 19
I 160 160 52 55 16 20
J 173 174 43 4.9 9 18
K 202 209 5.1 5.2 16 24
L 184 184 4.6 4.7 16 17
M 241 243 4.5 4.7 21 19
N 166 167 4.4 4.5 18 18
average 184.1 187.9 4.7 5.0 15.1 19.0
S.D. 25.7 26.2 0.3 0.4 4.2 2.7
Table 3-3-3
Table 3-3-4
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Table 3-3-3

pre post
MVC (N) 7822 + 1338 560.4 =+ 70.9 otk
dLmax at MVC ( mm ) 225 £ 54 140 + 3.6 oAk
stiffness ( N/mm ) 47.17 =+ 16.11 85.60 =+ 4541  **
young's modulus 411 =+ 2.13 6.32 <+ 3.10 *
50-70%MVC stiffness 40.52 + 13.51 126.54 + 96.56  **
50-70%stress young's modulus 346 + 1.39 1033 + 7.33 ok
'p 005 p 001 'p 0001
Table 3-3-4
stiffness ( N/mm ) young's modulus
subject pre post post correction pre post post correction
A 35.71 187.18 77.42 2.78 10.05 2.52
B 32.59 52.77 28.99 3.85 4.15 2.68
C 56.61 38.99 66.12 4.74 2.33 2.21
D 54.33 90.43 40.02 3.62 7.11 2.19
E 26.08 61.33 54.07 2.78 4.84 3.58
F 2391 79.38 49.70 1.68 5.35 2.15
G 63.34 164.74 32.37 4.64 11.76 1.92
H 30.10 60.57 130.70 4.09 5.00 14.28
I 55.01 61.63 73.35 3.88 4.80 3.84
J 38.02 105.68 25.45 10.58 11.55 5.19
K 54.82 101.52 62.24 5.26 8.54 5.72
L 24.51 32.03 53.72 1.82 2.19 1.31
M 38.10 108.89 39.07 3.90 6.43 11.50
N 34.17 53.21 34.01 3.87 4.33 7.30
average 40.52 85.60 54.80 4.11 6.32 4.74
S.D. 13.51 45.41 27.40 2.13 3.10 3.87
Figure 3-3-2
MVC MVC
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MVC

stress stress
creep
strain Figure.3-3-4, 3-3-5
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3-3-4.

ECM

Stress [ MPa |

4 pre
® post

Figure 3-3-5

(18)

strain (54)

Shalabi et al. (168)

endotenon

(162)
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(29)

ECM

0.7x
0.4(mm)
Mademli et al. (123)
creep
(toe-region) (43) (158) (179)
creep Creep

crimp
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toe region

crimp

creep

(106) (107) (111)

toe region
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creep

crimp pattern

(179)

(32) toe region

Mademli, et al. (124)

Viidik et al.(189) —
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Shalabi et al. (168) ECM

endotenon
intratendinous shear force
stress
strain
Figure 3-3-4
45
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35 * pra stress
& 30 ® post
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= 25
L
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E 15
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5
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strain(%h)
Figure 3-3-4 —
Figure3-3-4
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strain

hysteresis loop

158

175

Strain

hysteresis
strain
(32)
strain
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(32)
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(32) (92) (93) (126) (152)

(5) (8) (16) (118)

(16) (62) (144)

(32) (182) (199) (203)
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I+

T MVC
strain stress
Fisher PLSD
5%
3-4-3.
Table 3-4-1
Table 3-4-2
2
Table 3-4-1
age (y) 246 =+ 33
height (cm) 1740 = 5.1
weight (kg) 692 + 83
control side affected side
lower leg length (cm) 39.0 + 1.2 39.1 £ 1.3 N.S.
tendon length (mm) 200 + 12 207 + 14 N.S.
tendon length /lower leg length 0.52 + 0.03 0.52 + 0.03 N.S.
tendon thickness (mm) 510 £ 1.0 94 £ 19 ok
** p<0.01
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Table 3-4-2

tendon length (mm)

tendon thickness (mm)

Subject control affected control affected morbidity period (m)
A 213 220 * 4.2 6.9 ) 26
B 200 210 * 42 9.2 0] 20
C 187 203 * 5.0 11.1 0] 30
D 185 185 7.0 8.4 239
E 213 215 5.1 11.5 0] 30

* . affected-control

Smm

@: 1-(control/affected) 0.25
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Table 3-4-3

Figure 3-4-3

Figure 3-4-4
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Young’s modulus
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Table 3-4-3
contorol side affected side
Fm (N) 1052.7 + 2054 814.7 + 76.5 N.S.
dL at MVC (mm) 239 + 39 20.1 = 29 N.S.
Stiffness (N/mm) 66.2 + 46.7 542 + 26.1 N.S.
Young's modulus (MPa) 104 + 64 2.1 + 0.8 *
* p<0.05
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APPENDIX

APPENDIX. ESTIMATION OF MOMENT ARM OF
M. TRICEPS SURAE

According o Greve ef al. (1978) AL, the distance between
origin and msertion of m. gastrocoemius relative to relerence
distance (distance berween origin and insertion when the knes
is flexed 90" and the sole of the foot is al right angles to the
shank] is the algebraic sum of AL caused by & {an angular
displacement at ankle or knee, see Fig. 11}, Equations for
predicting AL, from a joint angle are of the form

ALj = Ag+ A, B+ Az 10 {1y

where AL, is expressed in lerms of percent of segment length

{235 Land ¥, is expressed in degrees 1f the koee angle is kept
constant Vg, the velocity with which origin of m. gas-
trocremius approaches idertion, s given by

For= A8, +24,8,8, i

whers ¥y is expressed in %508 and f, is expressed in
degrees. In Fig. 1] &t is shown that

Fag=fcd {12}

where (i is the angle between calconeus and tibie, expressed
in radians, and 4 is moment arm of m. triceps surae at the
anikle, If - is expressed in degrees, and if the foot is assumed
1o be a rigid body, 8- is equal to 4,, Elimination of ¥,, in
equations {11} and {12} vields

A0
il - i [y + 2,8, ) [13)

whete d is expressed in %508, i expressed in degrees (note
that in this study #, = |§® — ) and 4, amd 4; amount 1o
0.30141 and -0.00061, respectively,

Analogously, it can be derived that the moment arm of
m. gastrocnenius at the knee is given by

d 1840
k= +24,0,) i 14)

whese d i expressed in 5L 8, is expressed in degrees, and
A, and 4; amount to —0.07987 and 00011, respectively,
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