N\ RESULTS.
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N\ RESULTS.

T EXPLANATION.

~ THE PATELLA.

1 SE 4 Sl
2 ME 5 Ml
3 IE 6 Il

( Position Of The Strain Gauge On The Patella).

1 SE = Superior Externa ( Lateral ). 49
2 ME = Medium External ( Lateral ). SMI
31E =Inferior External (Lateral). 6 Il

Superior Internal ( Medial ).
Medium Internal ( Medial ).
Inferior Internal ( Medial ).

< Note: -

» Stress (+) O Tension.

» FAV E Femoral Anteversion.
» Stress (=) O Compression.

» FRV H Femoral Retroversion.

» Each Graphic @ 3 Cycle.
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& Aswe have explained previoudly, the values are given in the unit of microdeformations, being

the negatively values afew signs of Compression and the positives of traction ( Tension ).

Table 1: Galga 1= Strain Gauge 1: Microdefor mations between Cyclesand Torsion.

Cyclel Cycle2 Cycle 3
Torsion:
-30 -75.23 (130.70) -84.46 (126.66) -75.58 (122.27)
-15 -75.79 (154.90) -67.71 (144.87) -70.17 (129.68)
0 -72.60 (99.05) -47.48 (93.47) -39.10 (101.49)
15 -20.04 (143.60) -14.71 (150.47) -5.81 (155.74)
30 -31.96 (137.23) -33.79 (141.10) -34.29 (139.62)

Table 2: Galga 1= Strain Gauge 1. Microdeformations between Cycles and Phases.

Cyclel Cycle2 Cycle 3

Phase:

1 -3.57 (73.38) -7.57 (90.24) -2.83 (88.74)

2 -131.70 (158.95) -130.97(166.49) -126.13(167.47)

3 -14.53(99.56) -10.53(105.22) -13.50(111.27)

4 -0.40(80.50) -0.63 (89.14) 2.67 (87.78)

5 -66.83 (111.50) -53.10 (109.46) -49.40 (111.38)

6 -159.70 (175.60) -150.93 (185.39) -149.57 (189.37)

7 -47.07 (140.10) -31.47 103.35) -13.80 (62.03)

8 -24.33 (120.17) -11.83 (104.96) -7.37 (102.48)

Table 3: Galga 1= Strain Gauge 1. Microdefor mations between Torsions and Phases.

Torsion
-30 -15 0 15 30
Phase :

1 -24.72 (43.72) | -21.28 (89.59) |[-14.22(48.53) |-117.44(219.07) | 8.33(113.23)

2 -176.44(127.00)| -159.33(138.82)| -86.22(117.69)|-117.44(219.07) | -108.56(187.45)
3 | -26.39(36.74) |-29.28(86.55) |-27.94(60.61) | 31.67(122.40) | -12.33(165.16)
4 -20.83(23.21) |-10.61(47.62) |-1.61(37.83) 32.72(118.67) | 3.06(133.14)
5 | -83.00(68.79) |-68.00(88.65) |[-70.11(90.74) | -25.61(147.34) | -35.50(133.59)
6 |-216.50(225.48) | -209.39(238.24) |-100.06(118.14)-106.38(147.27) | -134.78(125.85)
7 |-58.44(114.06) |-60.00(176.14) |-31.00(73.35) | 4.00(76.62) -8.44(20.90)

8 | -21.06(25.80) |-11.89(44.94) |-93.33(146.53) | 32.28(130.38) | 21.00(100.71)
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Table4: Galgal = Strain Gauge 1: Analyses Results.

p-value

Cycle effect 0.584
Phase effect <0.001
Torsion effect <0.001
I nteractions:

Phase/Cycle 1

Phase/Torsion 0.468

Cycle/Torsion 0.971

Table5: Galgal = Strain Gauge 1: Cycle Effect.

p-value
Cyclelvs. Cycle?2 0.840
Cyclelvs. Cycle3 0.554
Cycle2vs. Cycle3 0.883
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Table6: Galga 1l = Strain Gauge 1: Phase Effect.

p-value

Phase2 Phase3 Phase4 Phase5 Phase6 Phase7 Phase8
Phase 1 <0.001 | 0.998 1.0 0.017 | <0.001 | 0.630 0.995
Phase 2 --- <0.001 | <0.001 | <0.001 | 0.812 | <0.001 | <0.001
Phase 3 - --- 0.991 0.115 | <0.001 | 0.952 <0.001
Phase 4 . . - 0.009 | <0.001 | 0.508 0.982
Phase 5 --- --- --- <0.001 | 0.745 0.148
Phase 6 - | <0001] <0.001
Phase 7 0.971

Table7: Galgal= Strain Gauge 1. Torsion Effect.

Torsion =15 Torsion 0 Torsion 15 Torsion 30

p-value

Torsion -30 0.979 0.262 < 0.001 0.003
Torsion -15 0.602 < 0.001 0.023
Torson O 0.015 0.522
Torsion 15 0.516
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Figure 1: Strain Gauge l: Torsion vs. Cycle
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Figure 2: Strain Gauge 1 : Cyclevs. Phase
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Figure 3: Strain Gauge 1 : Torsion vs. Phase

0 Torsion

--4--PHASE1 —4— PHASE2 —A—PHASE 3 — ® - PHASE 4
m- PHASE5 e PHASE6 ®m PHASE7 ——PHASE 8

N\ Strain Gauge (1) :

None of the interactions between two variables Phase/Cycle, Phase/Torsion and Cycle/Torsion has
reached statistical significance (p = 1, 0.468 and 0,971 Respectively). (Table 4).

Cycle Effect: Differences have not been observed in the Microdeformations between the
different cycles (p=0.584) behaving of form seemed so much in every torsion like in every phase.
(Figureland Figure 2). (Table4 and Table5).

Phase Effect: An effect has been observed phase (p < 0,001). (Figure 2 and Figure 3). In the
phases 2 and 6 it is where lower values of Microdeformations are observed, presented significant
differences with the rest of the phases. (Table 4 and Table 6).

Torsion Effect: An effect has been observed torsion (p < 0,001) (Figure 1 and Figure 3).
When to the bone ( Knee) one applies torsion of +15° and +30° it is when in general are observed
values significantly higher than the rest of torsion. (Table 4 and Table 7).
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Table8: Galga 2 = Strain Gauge 2: Microdefor mations between Cycles and Torsions.

Cyclel Cycle?2 Cycle3
Torsion :
-30 -49.23 (79.31) | -49.35(79.22) | -42.77 (78.08)
-15 -53.17 (84.89) | -45.50(82.02) | -35.92(89.89)
0 -5.06 (68.30) -11.08 (70.44) | -10.29 (60.82)
15 -55.83 (96.46) | -46.13(92.54) | -43.44 (91.85)
30 -57.44 (89.31) | -53.44(87.98) | -50.29 (87.93)

Table9: Galga 2 = Strain Gauge 2: Microdefor mations between Cycles and Phases.

Cyclel Cycle?2 Cycle 3
Phase:
1| -12.20(19.82) -7.37 (32.98) -8.57 (29.72)
2 | -108.20 (77.75) -99.23(79.59) -100.87(71.03)
3 | -11.23(34.51) 5.33(26.85) 1.87(24.42)
4 | -4.60(18.43) 3.20 (22.29) 2.67 (17.51)
5| -76.97 (67.37) -70.37 (72.44) -69.67 (63.70)
6 | -148.00(183.55) -149.83 (131.85) -148.07 (126.62)
7 3.70 (38.80) 11.10 (24.86) 12.87 (31.31)
8 | 4.53(48.27) 13.83 (24.61) 17.43 (33.50)

Table 10: Galga 2 = Strain Gauge 2: Microdefor mations between Torsions and Phases.

Torsion
-30 -15 0 15 30
Phase :

1 -8.50 (16.65) -27.56 (39.75) 6.72 (24.36) 4.06(15.45) -21.61(19.78)
2 -116.44(57.13) | -142.67(86.39) | -20.17(57.79) -110.44(58.22) | -124.11(51.92)
3 -5.00(14.39) 4.06(23.29) -5.78(49.71) -0.61(35.10) 0.61(5.00)
4 -8.44(17.61) -0.67(21.78) 10.89(30.85) 2.39(5.39) -2.06(6.29)
5 -90.06(61.94) -78.94(65.88) | -10.72(49.07) -95.83(64.53) -86.11(61.17)
6 -158.33(111.28) | -129.78(120.41) | -59.00(138.12) | -193.83(125.29)| -202.22(119.12)
7 2.22(17.65) 11.06(32.53) 28.61(32.91) 0.50(46.33) 3.72(14.60)
8 7.94(10.89) 5.61 (37.50) 38.06(32.61) 6.06(59.06) 2.00(8.91)
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Table 11: Galga 2= Strain Gauge 2: Analyses Results.

p-value

Cycle effect

Phase effect

Torsion effect

I nteractions:
Phase/Cycle
Phase/Torsion

Cycle/Torsion

0.206

<0.001

<0.001

< 0.001

0.664

Table 12: Galga 2 = Strain Gauge 2: Cycle Effect.

p-value

Cyclelvs. Cycle?2
Cyclelvs. Cycle3

Cycle2vs. Cycle3

0.278

0.267

< 0.001
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Table 13: Galga 2 = Strain Gauge 2: Phase Effect.

p-value

Phase2 Phase3 Phase4 Phase5 Phase6 Phase7 Phase8
Phase 1 <0.001 | 0.973 0.923 | <0.001 | <0.001 | 0.276 0.132
Phase 2 --- <0.001 | <0.001 | 0.004 | <0.001 | <0.001 | <0.001
Phase 3 - --- 1.0 <0.001 | <0.001 | 0.889 0.709
Phase 4 --- --- - <0.001 | <0.001 | 0.956 0.836
Phase 5 --- --- --- --- <0.001 | <0.001 | <0.001
Phase 6 - | <0001] <0.001
Phase 7 1.0

Table 14: Galga 2 = Strain

Gauge 2: Torsion Effect.

Torsion 15

p-value
Torsion0 Torsion 15 Torsion 30

Torsion -30 0.997 <0.001 0.999 0.829
Torsion -15 --- <0.001 0.979 0.623
Torson O --- --- <0.001 < 0.001
Torsion 15 0.920
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Figure4: Strain Gauge2: Torsion vs. Cycle
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Figure6: Strain Gauge 2 : Torsion vs. Phase
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N\ Strain Gauge(2):

The interactions between Phase/Cycle and Cycle/Torsion did not reach statistical significance (p = 1,
and 0,664 Respectively) (Table 11).

Nevertheless a significant interaction has been situated between Phase/Torsion (p < 0,001) (Table 11).
Basically the Phases it 3 and 4 is not modified by the torsion, whereas the phases 2, 5 and 6 show less
deformations in the torsion 0°. ( Figure 6).

Cycle Effect: Differences have not been observed in the Microdeformations between the different
cycles (p=0.206) (Figure 4 and Figure5) (Table 11 and Table 12).

Phase Effect: An effect has been observed phase (p < 0,001). (Figure 5 and Figure 6). In the
phases 2 and 6 it is where lower values of Microdeformations are observed, presented significant
differences with the rest of the phases. (Table 11 and Table 13).

Torsion Effect: An effect has been observed torsion (p < 0,001) (Figure 4 and Figure 6). When to
the knee it applies one to her torsion of 0° is when in general are observed values significantly higher
than the rest of torsion. (Table 11 and Table 14).
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Table 15: Galga 3 = Strain Gauge 3: Microdeformations between Cyclesand Torsions.

Cyclel Cycle 2 Cycle 3
Torsion:
-30 -44.73 (54.31) -46.60 (64.86) -46.73 (54.56)
-15 -55.02 (66.79) -111.85 (160.59) | -107.83 (166.35)
0 -44.94 (75.89) -44.50 (72.33) -57.88 (71.06)
15 -89.52 (159.51)| -138.46(232.85)| -137.96 (233.66)
30 -75.02 (159.66)| -131.46(233.27)| -133.08 (232.42)
Table 16: Galga 3 = Strain Gauge 3: Microdeformations between Cycles and Phases.
Cyclel Cycle?2 Cycle 3
Phase:
1 -24.83(24.54) -86.57 (158.01) -83.03 (158.44)
2 -165.27 (73.55)| -201.33(147.38) -204.53(144.28)
3 -27.47(48.91) -74.63(175.12) -77.70(175.46)
4 -20.57(13.86) -74.43 (172.68) -77.67 (17.11)
5 -16.33 (38.90) -107.80 (164.43) -109.40 (163.57)
6 -86.37 (167.98)| -93.73 (182.98) -93.87 (183.55)
7 -47.00 (159.69)| -49.57 (181.00) -59.37 (179.21)
8 -61.93 (162.31)] -68.53 (175.87) -68.00 (177.20)

Table 17: Galga 3= Strain Gauge 3: Microdeformations between Torsions and Phases.

Torsion
-30 -15 0 15 30
Phase:
1 -44.56 (32.77) |-69.89 (83.51) -30.61 (31.12) |-83.61(200.53) | -95.39(195.94)
2 -171.67(32.17) |-199.17(107.41) | -94.78(74.94) |-253.83(158.94) | -232.44(154.13)
3 -18.28(3.32) -62.11(150.34) -49.94(70.46) -03.72(199.53) | -75.61(202.25)
4 -24.50(6.11) -68.78(147.74) | -20.50(17.85) |-92.33(196.51) | -81.67(199.79)
5 -59.56(15.07) -105.33(134.23) | -66.67(66.68) -123.72(185.59) | -108.94(191.03)
6 -28.22(41.36) -99.33(146.00) -93.00(140.99) |-124.56(235.34) | -111.50(242.09)
7 4.56(45.43) -47.17(149.39) -18.39(20.19) -103.00(243.73) | -95.89(246.43)
8 -25.94(13.34) -80.78 (156.61) | -18.94(17.54) -101.06(244.79) | -104.06(243.46)
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Table 18: Galga 3 = Strain Gauge 3: Analyses Results.

p-value
Cycle effect <0.001
Phase effect <0.001
Torsion effect <0.001
I nter actions:
Phase/Cycle 0.955
Phase/Torsion 0.974
Cycle/Torsion 0.398

Table 19: Galga 3= Strain Gauge 3: Cycle Effect.

p-value
Cyclelvs. Cycle2 0.003
Cyclelvs. Cycle3 0.001
Cycle2vs. Cycle 3 0.975
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Table20: Galga 3 = Strain Gauge 3: Phase Effect

p-value

Phase2 Phase3 Phase4 Phase5 Phase6 Phase7 Phase8
Phase 1 <0.001 10 10 0.672 0.732 0.994 1.0
Phase 2 <0001 <0.001 <0.001 <0.001 <0001 <0.001
Phase 3 --- 1.0 0.467 0.532 1.0 1.0
Phase 4 --- --- --- 0.372 0.432 10 1.0
Phase 5 1.0 0.192 0.725
Phase 6 0.234 0.781
Phase 7 0.988

Table21: Galga 3= Strain Gauge 3: Torsion Effect.

p-value

Torsion—=15 Torsion 0 Torsion 15 Torsion 30

Torsion

Torsion

Torsion

Torsion

-30

-15

0.004

0.999 <0.001 <0.001

0.009 0.126 0.446
--- <0.001 <0.001
--- --- 0.960
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Figure7: Strain Gauge 3: Torsion vs. Cycle
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Figure9: Strain Gauge 3: Torsion vs. Phase
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N\ Strain Gauge(3):

None of the interactions Phase/Cycle, Phase/Torsion and Cycle/Torsion reached statistical
significance (p = 0.995, 0.974 and 0.398 Respectively) (Table 18).

Cycle Effect: An effect has been observed cycle (p < 0.001) (Figure 7 and Figure 8). The cycle
one presents significantly major values that the rest of the cycles (Table 18 and Table 19).

Phase Effect: An effect has been observed phase (p < 0,001). (Figures 8 and Figures 9). In the
phase 2 it is where lower values of Microdeformations are observed, presented significant
differences with the rest of the phases. (Table 18 and Table 20).

Torsion Effect: An effect has been observed twist (p < 0,001) (Figure 7 and Figure 9). In the
torsion —30° and 0° it is where in general are observed values significantly higher than the rest of
torsion. (Table 18 and Table 21).
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Table22: Galga 4 = Strain Gauge 4: Microdeformations between Cyclesand Torsions.

Cyclel Cycle?2 Cycle 3
Torsion:
-30 -56.10 (77.16) | -58.96 (77.71) -59.67 (78.73)
-15 -54.98 (75.20) | -54.75 (71.39) -59.06 (77.05)
0 -24.58 (67.60) | -25.67 (67.29) -21.04 (60.30)
15 -49.54 (79.90) | -43.60 (80.80) -39.31 (82.76)
30 -69.51 (88.11) | -73.25(93.27) -68.63 (92.08)
Table 23: Galga 4 = Strain Gauge 4: Microdeformations between Cycles and Phases.
Cyclel Cycle?2 Cycle 3
Phase:
1 -14.37(22.12) -24.40 (32.78) -20.10 (31.73)
2 -119.97 (86.13) | -111.17(87.20) -124.37(84.73)
3 -17.33(45.92) -19.37(61.63) -17.27(61.97)
4 -9.90(29.00) -12.63 (46.73) -5.30 (46.28)
5 -129.97 (87.16) -131.57 (83.43) -119.73 (88.79)
6 -110.53 (86.71) -107.13 (84.78) -103.03 (84.96)
7 -0.63 (26.26) 1.53 (27.13) -0.23 (26.94)
8 -6.87 (22.20) -5.23(24.31) -6.30 (23.46)
Table 24: Galga 4 = Strain Gauge 4: Microdefor mations between Torsions and Phases.

Torsion
-30 -15 0 15 30
Phase:

1 -21.33 (27.49) |-28.56 (30.04) |-14.00 (23.20) -7.06(28.78) -27.17(33.18)
2 -144.28(88.62) |-122.56(88.01) |-81.89(98.85) -108.22(58.32) |-135.56(81.86)
3 -13.72(20.00) -12.67(20.85) -15.72(33.90) 1.56(19.94) -49.,39(112.91)
4 -13.83(21.09) -13.17(21.86) -13.50(28.83) 0.61(21.15) -33.50(73.14)
5 -141.78(91.44) |-146.33(82.45) |-68.17(71.43) -140.50(99.31) |-139.18(58.54)
6 -108.44(62.30) | -106.22(65.28) |-48.44(67.56) -109.50(95.68) |-161.89(93.60)
7 -10.11(7.86) -6.72(5.70) -18.67(42.13) 6.89(25.91) -7.61(22.31)

8 -12.44(13.91) -13.89 (18.53) 5.94(26.81) 3.00(20.51) -13.28(23.39)
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Table 25: Galga 4 = Strain Gauge 4: Analyses Results.

p-value
Cycle effect 0.929
Phase effect <0.001
Torsion effect <0.001
I nteractions:
Phase/Cycle 0.999
Phase/Torsion 0.026
Cycle/Torsion 0.994

Table 26: Galga 4 = Strain Gauge 4: Cycle Effect.

p-value
Cyclelvs. Cycle2 0.997
Cyclelvs. Cycle3 0.960
Cycle2vs. Cycle3 0.935
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Table 27: Galga 4 = Strain Gauge 4: Phase Effect.

p-value

Phase2 Phase3 Phase4 Phase5 Phase6 Phase7 Phase8
Phase 1 <0.001 1.0 0.900 | <0.001 | <0.001 | 0.202 0.692
Phase 2 --- <0.001 | <0.001 | 0.963 0.831 | <0.001| <0.001
Phase 3 - --- 0.958 | <0.001 | <0.001 | 0.304 0.814
Phase 4 --- --- - <0.001 | <0.001 | 0.934 1.0
Phase 5 --- --- --- 0.188 | <0.001 | <0.001
Phase 6 - | <0001] <0.001
Phase 7 0.993

Table28: Galga 4 = Strain Gauge 4: Torsion Effect.

p-value

Torsion =15 Torsion 0 Torsion 15 Torsion 30

Torsion -30 0.989 < 0.001 0.168 0.299
Torsion -15 --- < 0.001 0.307 0.163
Torson O 0.011 <0.001
Torsion 15 <0.001
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Figure 10: Strain Gauge4 : Torsion vs. Cycle
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Figure 12: Strain Gauge 4 : Torsion vs. Phase
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\ Strain Gauge (4):

The interactions between Phase/Cycle and Cycle/Torsion did not reach statistical significanc (p =
0.999, and 0.994 Respectively) (Table 25).

Nevertheless a significant interaction has been situated between Phase/Torsion (p = 0,026) (Table 25).
Basically in the Phases 2, 5 and 6 a decrease is observed in the torsion of 0° that does not happen in the
rest of the phases. ( Figure 12).

Cycle Effect: An effect has not been observed cycle (p < 0.929) (Figure 10 and Figure 11) and
(Table 25 and Table 26).

Phase Effect: An effect has been observed phase (p < 0,001). (Figure 11 and Figure 12). In the
phase 2, 5 and 6 it is where lower values of Microdeformations are observed, presented significant
differences with the rest of the phases. (Table 25 and Table 27).

Torsion Effect: An effect has been observed torsion (p < 0,001) (Figure 10 and Figure 12). In
the torsion 0° it is where in general are observed values significantly higher than the rest of torsion.
(Table 25 and Table 28).

203



Table29: Galga 5= Strain Gauge 5: Microdeformations between Cyclesand Torsions.

Cyclel Cycle?2 Cycle 3
Torsion:
-30 -19.42 (51.74) |-22.98 (51.97) -21.94 (50.25)
-15 -8.81 (54.04) -13.38 (57.40) -12.92 (56.03)
0 -24.29 (60.95) |-12.35(57.11) -10.90 (55.03)
15 -28.67 (59.44) |-22.60 (70.49) -18.33 (72.94)
30 -12.04 (68.03) |-15.29 (72.96) -12.46 (71.11)
Table 30: Galga 5 = Strain Gauge 5: Microdeformations between Cycles and Phases.
Cyclel Cycle?2 Cycle 3
Phase:
1 -13.27(22.60) -21.37 (33.78) -16.53 (28.83)
2 -110.73 (50.74) -105.80(65.42) -106.67(64.67)
3 -8.80(27.86) -5.50(27.99) -2.73(28.54)
4 -8.57(15.74) -6.83 (16.64) -3.33 (19.60)
5 -11.45 (53.19) -13.33 (54.06) -4.20 (54.46)
6 10.37 (100.32) 14.70 (106.54) 9.93 (103.69)
7 3.90 (17.55) 6.53 (17.56) 7.13 (16.66)
8 -10.60 (30.32) -7.07 (25.41) -6.07 (22.37)
Table 31: Galga 5 = Strain Gauge 5: Microdeformations between Torsions and Phases.
-30 -15 0 15 30
Phase:
1 -25.56 (23.66)|-19.44 (37.72) | -11.06(18.68) | -24.67(18.05) | -4.56(34.86)
2 -119.22(50.81)-103.28(62.08) -51.06(52.47) |-145.94(29.39) |-119.17(59.62)
3 -6.50(12.61) | 4.28(22.36) |-20.44(50.73) |-10.83(12.86) | 5.11(14.05)
4 -11.06(13.77) |-4.50(19.81) | 4.94(18.61) |-16.94(15.75) | -3.67(10.52)
5 -10.72(42.92) |-6.17(50.30) |-3.11(50.43) |-14.56(65.00) |-13.88(61.38)
6 11.72(62.04) | 27.11(69.72) |-18.22(123.10)| 27.89(108.40)| 9.83(133.43)
7 1.39(10.00) | 11.06(16.36) |-3.56(21.33) | 6.50(18.52) 13.89(12.54)
8 11.61(12.5 |-2.67(23.27) |-24.28(39.52) | -7.22(15.58) | 6.22(22.41)
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Table 32: Galga 5= Strain Gauge 5: Analyses Results.

p-value

Cycle effect 0.717
Phase effect <0.001
Torsion effect 0.140
I nteractions:

Phase/Cycle 1

Phase/Torsion <0.001

Cycle/Torsion 0.889

Table 33: Galga 5= Strain Gauge 5: Cycle Effect.

p-value
Cyclelvs. Cycle?2 0.945
Cyclelvs. Cycle3 0.700
Cycle2vs. Cycle3 0.878
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Table 34: Galga 5 = Strain Gauge 5: Phase Effect.

p-value

Phase2 Phase3 Phase4 Phase5 Phase6 Phase7 Phase8
Phase 1 <0001 | 0707 | 0759 | 0.960 | 0.001 | 0.019 0.883
Phase 2 <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001
Phase 3 1.0 0999 | 0179 | 0.693 1.0
Phase 4 . . — 1.0 0.148 0.637 1.0
Phase 5 --- --- --- --- 0.040 0.314 1.0
Phase 6 0.990 | 0.080
Phase 7 0.469

Table 35: Galga 5 = Strain Gauge 5: Torsion Effect.

Torsion -15

p-value
Torsion 0 Torsion 15 Torsion 30

Torsion -30 0.370 0.837 0.997 0.554
Torsion -15 0.939 0.205 0.998
Torson 0 0.648 0.989
Torsion 15 0.350
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Figure 13: Strain Gauge5: Torsion vs. Cycle
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Figure 15: Strain Gauge 5: Torsion vs. Phase
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N\ Strain Gauge(5):

The interactions between Phase/Cycle and Cycle/Torsion did not reach statistical significance (p = 1,
and 0.889 Respectively) (Table 32).

Nevertheless a significant interaction has been situated between Phase/Torsion (p < 0,001) (Table 32).
Basically the Phases 6 and 8 has a different behavior that the phases 2 and 4 specially in the torsion 0°
and 15°. ( Figure 15).

Cycle Effect: An effect has not been observed cycle (p < 0.717) (Figure 13 and Figure 14)
(Table 32 and Table 33).

Phase Effect: An effect has been observed phase (p < 0,001). (Figure 14 and Figurel5). In the
phase 2 lower values of Microdeformations are observed, presented significant differences with the
rest of the phases. (Table 32 and Table 34).

Torsion Effect: An effect has not been observed torsion (p < 0,140) (Figure 13 and Figurel5)
(Table 32 and Table 35).
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Table 36: Galga 6 = Strain Gauge 6: Microdeformations between Cyclesand Torsions.

Cyclel Cycle?2 Cycle 3
Torsion :
-30 -30.98 (134.52) | 3.50 (51.97) -21.58 (179.89)
-15 -21.83 (152.67) |-13.87 (202.25) -21.79 (218.88)
0 -40.40 (159.77) |-46.21 (168.35) -43.48 (178.53)
15 -14.29 (170.50) |-16.85(178.16) -25.94 (180.47)
30 32.15(226.41) | 20.19 (290.35) -2.35 (214.99)

Table 37: Galga 6 = Strain Gauge 6: Microdefor mations between Cycles and Phases.

Cyclel Cycle?2 Cycle 3
Phase:

1 18.40(182.39) 90.83 (35.42) 68.67 (223.60)
2 -108.00 (261.36) -95.50(360.96) -141.23(234.10)
3 -58.80(156.76) -66.00(159.56) -68.00(159.44)
4 -38.70(143.96) -42.37 (146.86) -44.53 (145.74)
5 -12.21 (128.11) -32.30 (116.80) -30.07 (120.50)
6 60.63 (154.15) 54.20 (152.70) 51.57 (146.95)
7 -0.41 (25.31) -4.33 (22.88) -7.00 (23.24)
8 15.97 (193.37) 10.27 (188.35) -13.63 (180.25)

Table 38: Galga 6 = Strain Gauge 6: Microdefor mations between Torsions and Phases.

Torsion
-30 -15 0 15 30
Phase:

1 100.72 (359.84)| 118.39(368.07) 13.67(238.41) | -27.44(154.99) | 91.17(305.42)
2 -154.00(196.27) |-150.39(181.17) | -143.06(167.20) |-127.06(256.20) | -0.06(508.65)
3 -52.00(125.82) |-60.11(127.44) -117.61(223.75) | -53.17(141.45) | -38.44(150.44)
4 -40.17(151.76) |-52.06(148.64) -56.83(120.41) |-32.83(15.66) -27.44(155.58)
5 -21.06(128.87) |-28.67(115.88) -45.00(83.97) -9.89(145.84) -20.12(132.08)
6 29.94(105.40) | 19.00(92.76) 42.22(149.17) | 100.28(214.72) | 85.89(154.15)
7 -5.72(19.13) -8.83(18.53) -18.83(24.43) 6.89(28.89) 7.35(16.34)
8 11.44(212.30) | 9.33(193.10) -21.44(170.14) |-9.00(163.56) 30.67(202.71)
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Table 39: Galga 6 = Strain Gauge 6: Analyses Results.

p-value
Cycle effect 0.593
Phase effect <0.001
Torsion effect 0.007
I nter actions:
Phase/Cycle 0.939
Phase/Torsion 0.339
Cycle/Torsion 0.960

Table 40: Galga 6 = Strain Gauge 6: Cycle Effect.

p-value
Cyclelvs. Cycle2 0.918
Cyclelvs. Cycle3 0.811
Cycle2vs. Cycle 3 0.570
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Table41: Galga 6 = Strain Gauge 6: Phase Effect.

p-value

Phase2 Phase3 Phase4 Phase5 Phase6 Phase7 Phase8
Phase 1 <0.001 | <0.001 | <0.001 | 0.001 1.0 0.035 0.108
Phase 2 - 0.183 0.007 | <0.001 | <0.001 | <0.001 | <0.001
Phase 3 - --- 0.952 0.510 | <0.001 | 0.055 0.015
Phase 4 . . - 0.991 | <0.001 | 0.557 0.292
Phase 5 --- --- --- 0.002 0.967 0.830
Phase 6 0.062 | 0.170
Phase 7 1.0

Table42: Galga6 = Strain

Gauge 6: Torsion Effect.

Torsion -15

p-value

Torsion 0 Torsion 15 Torsion 30

Torsion -30 1.0 0.262 1.0 0.235
Torsion -15 0.542 1.0 0.164
Torson O 0.536 0.002
Torsion 15 0.167
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Figure 16: Strain Gauge 6 : Torsion vs. Cycle
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Figure 18: Strain Gauge 6 : Torsion vs. Phase
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\ Strain Gauge (6) :

None of the interactions between two variables Phase/Cycle, Phase/Torsion and Cycle/Torsion
has reached statistical significance(p = 0.939, 0.339 and 0,960 Respectively). (Table 39).

Cycle Effect: An effect has not been observed cycle (p < 0.593) (Figure 16 and Figure 17)
(Table 39 and Table 40).

Phase Effect: An effect has been observed phase (p < 0,001). (Figure 17 and Figure 18). The
principal differences meet between the phase 1 very high values and the phase 2 very low values
of Microdeformations. (Table 39 and Table 41).

Torsion Effect: An effect has been observed torsion (p < 0,007) (Figure 16 and Figure 18).
The significant differences are situated only between the torsion 0° (very low values) and 30°
(very high values). (Table 39 and Table 42).
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N\ Statistical Analysis.

v A generalized linear model was performed. Microdeformations observed in each Strain
Gauges were established as dependent variable. Fixed factors were TORSION, PHASE and
CYCLE. Replicates done in each bone-knee was considered arandom effect. All two variables

interactions between fixed factors were also analyzed. P-values for pair-wise comparisons were
performed by Tukey test.

¥ Resultsare presented by mean followed of standard deviation in brackets.
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N\ DI SCUSSION.
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& DISCUSSION.

N\ In international bibl iography there are various researches that, relate the increase
of femoral anteversion with the tibia torsion abnormalities, and that relate these with patellar habitual
dislocations, femoropatellar gonarthrosis, femorotibial gonarthrosis and, on alower rate, with internal
femorotibial arthrosis. And also normal patellofemoral contact area stress that we measured were in
the midrange of values reported by others. Somewhat higher areas were reported by authors who used
the injection of cement or rubber to measure area. These differences are probably due to limited
penetration of viscous materials into the joint space. Somewhat smaller contact-area stress values were
reported using dye techniques. Apart from the use of different techniques, these variations in reported
values may also result from population differencesin patellar size or from differences in loading
magnitudes or times, or both. Given the existence of different information partly contradictory and
partly obtained by static measurements we decide to use in our study the technology of Strain Gauge
extensiometricas. Extensometry is a dynamic deformation method whereas all previous methods, like
the Fuji film method ( Megapascale ), were static in compression. The strain gauge is employ for
tension and compression and also dynamic.

M easurements of dynamic contact patterns are problematic because many techniques require invasive
procedures such as Fuji film, or injection of material into the joint. These methods permit only static
contact measurements, and often require in vitro techniques, which may not reflect the actual, joint
function. Alternatively, methods based on mathematical joint modelling (e.g. Scherrer et al., 1979)
can be used to estimate dynamic in situ or potentially in vivo contact areas. These methods require

precise kinematics measurements, and accurate joint surface measurements.
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Our method permits to static and dynamic measurements. And too analytical methods that currently
succeed in reproducing dynamic methods tend to be inappropriate because they do not employ real

a specimen as our method does.

When talking about lower limbs torsion defects, the definition of Torsion was used initially by some

(27)

author Kizinguer as the deformation when fixing a solid and exerting atransversal rotating

movement on one of its parts, leaving the rest of the parts fixed or subject to a movement on the
opposite sense. Taussig 9 Gefined it asthe deformity that takes place in the bone, in itself and
around the longitudinal axis.

The definition of Anteversion as the external rotation of the upper half of the femur head and neck
onwards and the greater trochanter backwards (Virenque, Pasquie, Salanova) is also accepted by

Kizinguer @7 Later, Taussig 9 Gefined Rotation as the bone movement in relation with an adjacent

bone, around alongitudinal axis. This movement takes place in the joint turning both bones. Judet (13)
referred to the triple deformation by including in it: an exaggerated anteversion of the femoral neck,
aleg external rotation and a genu varus. The exaggerated anteversion originated thistriple
deformation, through a complex mechanism, when treating the extremity secondary internal rotation,

twisting the tibia outwards, also using avalgus flat foot, and therefore justifying a surgical treatment

to prevent arthrosis. Asfar as pathologic tibiatorsion, Kizinguer ") gates that the secondary
deformation in external rotation takes place after the age of four, in children suffering from afoetal
anteversion as compensation to the muscle internal rotation. He also states that external tibiatorsion
is associated to a genu varus and to the persistence of an exaggerated anteversion.

Blaimont 28)

was the first person to link gonarthrosis with atorsional abnormality by describing two
cases of gonarthrosis with an internal tibiatorsion (one congenital and the other acquired), ensuring
that in both cases the gonarthrosis could not be justified by a deviation in the frontal plane, or by

alterations of the external A-bracket. On the contrary, when walking, the patient would correct the
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foot position with a small externa rotation achieved by an external femoral rotation, which provoked
an abnormally wide internal rotating movement to the condyles, and some dynamic external rotating
forced movementsto the tibia. Both cases justified gonarthrosis.

(29) measured the tibiatorsion in 1,200

From the above-mentioned researches, Turner and Smille
adult patients treated for agonalgia. They observed an increase of the external tibiatorsion in the
extensor apparatus pathology (Patellar I nstabilities and Osgood-Schlatter).

They also saw a slight external tibiatorsion in those cases were there was panarticular gonarthrosis,
although they stated that this possible relationship should be studied in further detail, and that

monocompartmental arthrosis was associated to a medium tibia torsion, which could be compared to

the one in the control group.

Asfor the consequences of femoral anteversion increase in the hip, Jaeger %) gates that it is not
completely surethat it is caused by coxarthrosis, although some researches, like the ones made by
Mer chant (1965), show that if the gait goes with an exaggerated external rotation, the pressure
transmitted to the femoral head during the support phase is highly increased. In other words, if the
femoral anteversion increase goes with an internal rotating gait, an instinctive protection of the hip
takes place, although it might not be manifested because of the existence of an associated external
tibiatorsion. On the contrary, if the increased intervention goes with an external rotating gait,
hyperpressure will take place in the anterior part of the articulation, which could lead to coxarthrosis.
In his review about the effects of lower extremities torsional abnormalities to the knee, Grammont®”
states that every knee has its flexion axis inwards. Knowing that every femoral condyle and throclea
areinclined inwards, and that every tibial tuberosity and all feet are inclined outwards, strong external
tibial anatomic torsions, associated to femoral anteversions, improve during the gait of the knee,

which ismore solicited in external tibial dynamic torsion, but the valgus worsens the situation in the

braking phase.
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In his research on femoropatellar and femorotibial pressuresin relation to the condyle of tibia tuberosity
position shows that in a normal knee the femoropatellar pressures proportional to the flexion degree that
the isolated section of the patellar ailerons does not mean a modification of the forced movement that
the forward movement made by the condyle of tibia tuberoses in the saggital plane makes them slightly
drop, and that the medial movement helps the increase of the medial femorotibial and femoropatellar
movements. On the other hand, he points out the rotational characteristics of some interna gonarthrosis
(Tibia External Rotation On The Femur), because they prove a non-uniformed central sclerosisin the
internal tibia plateau, contrary to gonarthrosis by genu varus.

Elmdie-Trillat technique, Pache and cols %) explain that these patients showed an anteversion in the
normal femoral neck, a slightly exaggerated femoral torsion, external tibiatorsion and a genu varus,
which would usually appear together with a high patella, increasing the pressure in the internal
compartment compression, and decreasing the external rotation control mainly in the 30 first knees
flexion degrees.

After measuring by CT the lower extremities rotating alignment in 43 patients with gonarthrosis,

Takai (57)

classifies them in three groups according to what compartment was affected:

( Femoropatellar, Internal Femorotibial and External Femoratibial ). He proves that femoral torsion

in internal femoropatellar arthrosis was much bigger than internal femoropatellar arthrosis that the

leg external torsion in femotopatel lar arthrosis increased along with the femoral torsion, causing
acompensatory increase of the leg external torsion in the gonarthrosis. He also proves that there is
arelationship between the femoral anterversion and the external tibiatorsion in the group suffering
from femoropatellar arthrosis, the external tibiatorsion being 5 degrees less in the internal femorotibial
arthrosis than in the control group. He states that femoral anteversion is not compensated enough by the

external tibiatorsion, that external tibiatorsion and the leg external torsion in the group suffering from

internal femorotibia arthrosis has a relationship with the femoral anteversion. He finally concludes by
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proving that among aetiological factors in gonarthrosis femorotibial angle and femoral torsion should
be included.

Podovani and cols(55)

consider Somerville Syndrome (1957) as a different one, where increased
external tibiatorsion is due to an excessive femoral anteversion. They observe that isolated increased
external tibiatorsions take place in the proximal tibia quarter, approximately at the age of 10, which
comes together with a patellar convergent strabism, when the child puts his feet together. They also
observe that there is an increase of the Osgood Slatter Effect, an increase of patellar instability in the
femoropatellar joint, and an increase of mono and three-compartment arthrosis.

(46)

Studying torsional abnormalities in-depth, Duparc* ™ measured, through CT, 47 arthrosic knees

where the internal compartment was affected. He classified them into three groups, based on Lerat’s

Research (48’49’50), according to the torsional morphotype described as the extremity torsion
accumulated index. He then compared all the groups with each other.

The results show that there is afemoral torsion medium value of —16 degrees, with an important
degree of dispersion. Thetibiatorsion is constantly external and has an average rate of 27.7 degrees,
the medium femorotibial rotation reaches 3 degrees, hip internal rotation reaches an average rate of
21.8 degrees and the external rotation are 32 degrees. The accumulated torsional index is of an average
rate of +11.7 degrees, but it also has an important dispersion (from —7 to +32 degrees).

Thiswould show dispersion on the results, even when there is such symmetry among the lower
extremities on the same patient. After getting these results, he separated them into three groups:

~ Group of medium tor sion accumulated index (considered to be the normal one), with an average
rate of +14 degrees. Medium values of femoral torsion and tibiatorsion are associated with this group.

In the case of arthrosis, the most important factor in this group would be a varus in the frontal plane,

according to the mechanical model described by M aquet (52)

220



¥ Group of soft torsion accumulated index (lower than 10 degrees), with an average rate of 1.9
degrees. A strong anteversion and soft external tibia torsion are associated with this group. If the
step angle is open, and the hip external rotation increased, the knee gravitational centre moves

forward and outwards, improving the global varus axis.

¥ Group of strong torsion accumulated index (higher than 20 degrees), with an average rate

of 30.1 degrees. A soft anteversion, a strong external tibiatorsion, a kneeinterna rotation, and
adecrease of the hip internal rotation is associated with this group. Thisis the only group where
femorotibial rotation is negative or internal, causing a cartilage shearing when distributing the
pressure over tibial plateaus.

They conclude by stating that the torsional accumulated index (T Al) alows usto get the joint
compensatory angle necessary to get the exact step angle. There are three levels of adaptation: the
hip, where external rotation might contribute to open the soft TAI step angle; the knee, where the
internal rotation might contribute to decrease the strong TAI step angle; and the submaleollar
detorsion. It seemsto be accepted that an increased femoral anteversion modifies the extremity
torsional evolution, and originates an internal rotation of the knee, since femoral condyles and

throcleas are inclined inwards and tibial tuberosities outwards? It also originates a compensatory

External TibiaTorsion ™. Thereisa possibility that when the child is 9 years of age, a non-
modifiable external rotation is set up, leading to a correction of the femoral anteversion to what
isnormal from 9 to 12-13 years of age.

Their results show the increase of a patella habitual dislocation, and other patellar pathologies
such as patellar instabilities, Osgood-Schlatter’ s Effect, femoropatellar gonarthrosis and a possible
tendency to afemorotibial gonarthrosis, which couldn’t be proven because of the great variety of

lower extremities morphotypes.
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Ballester Soleda'®%”

classified the torsional anomalies of the lowest extremity under 5 principal
groups that alow the group for a correct randomisation of all the patients (to see table. page 109)
in order to follow the evolution of the lower extremity or to arrange a chirurgical intervention, when
giving adiagnosis on torsional abnormalities, independently from the clinical examination, it is

absolutely necessary to perform a computerized axial tomography (CT), asit isthe most reliable

method.

~ In the statistical analysis of all measurements, it is proven that at 30 degreesto 60° , the patella
gets the maximum compression motive for which we realized the valuation of the measurements
that we have obtained in the Phases 5 and 6 are those who correspond to the above mentioned

angular values. and also we have explained previously, the position of the strain gauge on the patella

asfollowing: -
1 = Superior External. 4 = Superior Internal.
2 = Medium External. 5= Medium Internal.
3 =Inferior External. 6 = Inferior Internal.
P Stress (+) = Traction. P Stress (-) = Compression.
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¥ To Remember: Scheme of gait curve ( Phase Curve). To indicate the phases on the curve.
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Phase Curves

Scheme Of Gait Curve ( Phase Curve). ( Flexion Degrees)
(% of Gait)

N\ Aswe have explained previously in material chapter these phases could be divided into:

1) Initial Foot Contact With The Ground: During this phase the knee is flexed some 5°. This initial
angle will range on each individual between —2° and + 5°. After theinitial contact phase thereisa
quick flexion up to 18° of flexion corresponding to the 15% of gait. A gradual extension takes place
during the rest of the contact phase until it reaches 3° of flexion and covers for a40% of gait.

2) Swing Phase: At the end of the monopodal-feet phase the knee reaches some 7° of flexion. At the
beginning of the bipodal-feet phase there is a quick flexion of the knee reaching some 63° and a 70%.
after this quick flexion thereis an equally quick extension. At the end of the swing phase thereisa
slow down of extension that finishesit up to 2° when the 97% of the cycle are completed. Afterwards
the knee bends in flexion once again reaching up to 5° and it enters the ground contact phase.

Maximum and minimum angles reached by the articulation vary with each individual.
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N\ Strain Gauge (1): Figure (3). Page 188.

Torsion Q° 15° 30°
Phase 5 -70 -20 -30
Phase 6 -100 -110 -140

Phase 5 30°
{ —————— — Flexion knee.
Phase 6 @ 60°

As before The statistical analysis of all the measurements, thisis proved that in 30 degrees, the
measurement of tension of the above table, when to the knee one applies the torsion of 0°, 15° and
30° femoral anteversion, we observed Phase 5 it increase of the compression stress on the patella as
—70, -20, and —30 with a significant statistical result. But when to the knee one applies the torsion of
0°, 15° and 30° femoral anteversion, we observed Phase 6 it increase of the compression stress on the
patella as—100, -110, and —140 with asignificant statistical result. It iswhere in genera are observed

values significantly higher than the rest of torsion.

N\ Strain Gauge (2): Figure (6). Page 193.

Torsion o° 15° 30°
Phase 5 -20 -60 -80
Phase 6 -70 -190 -200

The measurement of tension of the above table, when to the knee one applies the torsion of 0°, 15°
and 30°femoral anteversion, we observed Phase 5 it increase of the compression stress on the patella
as—20, -60, and —80 with a significant statistical result. But we observed Phase 6 increase of the
compression stress on the patella as —70, -190, and —200 with a significant statistical result. It is

where in general are observed values significantly higher than the rest of torsion.
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N\ Strain Gauge (3): Figure (9). Page 198.

Torsion Q° 15° 30°
Phase 5 -70 -110 -100
Phase 6 -90 -120 -110

The measurement of tension of the above table, when to the knee one applies the torsion of 0°, 15°
and 30°femoral anteversion, we observed Phase 5 it increase of the compression stress on the patella
as—70, -110, and —100 with a significant statistical result. and also we observed Phase 6 it increase of
the compression stress on the patella as—90, -120, and —110 with a significant statistical result. It is

where in general are observed values significantly higher than the rest of torsion.

N\ Strain Gauge (4): Figure (12). Page 203.

Torsion o° 15° 30°
Phase 5 -70 -140 -130
Phase 6 -50 -110 -150

The measurement of tension of the above table, when to the knee one applies the torsion of 0°, 15°
and 30°femoral anteversion, we observed Phase 5 it increase of the compression stress on the patella
as—70, -140, and —130 with a significant statistical result. and also we observed Phase 6 it increase of
the compression stress on the patella as 50, -110, and —150 with a significant statistical result. Itis

where in general are observed values significantly higher than the rest of torsion.
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N\ Strain Gauge (5): Figure (15). Page 208.

Torsion o° 15° 30°
Phase 5 -10 -20 -20
Phase 6 -20 +30 +10

The measurement of tension of the above table, when to the knee one applies the torsion of 0°, 15°
and 30° femoral anteversion, we observed Phase 5 it increase of the compression stress on the patella
as-10, -20, and —20 with a significant statistical result. and also we observed Phase 6 it increase of

the compression stress as—20, +30, and +10 with asignificant statistical result.

\ Strain Gauge (6): Figure (18). Page 213.

Torsion o° 15° 30°
Phase 5 -50 -10 -20
Phase 6 +50 +100 +90

The measurement of tension of the above table, when to the knee one applies the torsion of 0°, 15°
and 30° femoral anteversion, we observed Phase 5 it increase of the compression stress on the patella
as-b0, -10, and —20 with a significant statistical result. And also we observed Phase 6 it increase of

as +50, +100, and +90 with a significant statistical result.
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N\ In Our Research, we have founded in the:

Torsion 0° 15° 30°

1HE Superior External
Phase 5 " -70 -20 -30
Phase 6 -100 -110 -140

2 Medium External -20 -60 -80
Phase 5 " -70 -190 -200
Phase 6 ”

3d Inferior External -70 -110 -100
Phase 5 " -90 -120 -110
Phase 6 ”

4= Superior Internal -70 -140 -130
Phase 5 ” -50 -110 -150
Phase 6

5= Medium Internal -10 -20 -20
Phase5 " -20 +30 +10
Phase 6 "

6= Inferior Interna -50 -10 -20
Phase5 " +50 +100 +90
Phase 6 *

1). Lateral Facet (1, 2, 3). We found too see our annotations in recipe: -
a). We observed that by increasing the femoral anteversion, there was an increase of the compression
stressin external facet.

b). Theinferior external only diminish slight at 60 flexion.

2). Medial Facet: (4,5,6). We found too see our annotationsin recipe: -

a). Less compression stress in internal facet than the external facet.

b). We observed that by increasing the femoral anteversion, there was decrease of the compression
stressin medial facet. In medial inferior zone appear inclusive forces of traction.

c). Only superior internal found high level of compression stress.
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3). Superior Area--- 1 (External) and --- 4 (Internal).
We found too see our annotations in recipe: -
- Major compression stress at 30° of flexion. The compression stress increase proportionally in
relation to the amount of antevesion
4). Medial Area--- 2 ( External) and --- 5 (Internal).

We found too see our annotations in recipe: -

- We have obtained the maximum compression stress at 60° of flexion in the lateral zone.

5). Inferior Area--- 3 ( External) and --- 6 (Internal).
We found too see our annotations in recipe: -
- Minimal compression stresses were founded in the inferior area and there decrease along the flexion.
By incremented anteversion values the compression stress moves to traction stressing in this area.

©4) when they state that this kind of test does not exactly reproduce

~ We agree with Kaufman and cols
the compl ete step mechanism for the following reason: when one begins to loosen the heel, an inward
movement of the body weight takes place, modifying the spatial relation between the bodies weight
axis and the support zone.

(208) "as followi ng used Fuji pressures —

We also find this problem in the research made by L ee and cols
sensitive film for measure patellofemoral contact pressure. that was cut to 5x5cm and wrapped and
sealed with thin polyethylene sheets for usein afully lubricated patellofemoral joint.

Thisin vitro study quantifies the effect of 20° and 30° of fixed rotational deformity of the femur on
the tension in the quadriceps tendon and the intraarticular contact pressures in the patellofemoral joint.
The increases in the degree of fixed rotational deformities of the femur resulted in a nonlinear increase

in patellofemoral contact pressures on the contralateral facets of the patella, although thereis no

specific mention on this regard?
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¥ In the model presented in this thesis, we have accepted the simplifications proposed by the above
authors because with the experimental methodology we have today, it is not possible to do an accurate
reproduction of the step mechanism. Since there are no experimental researches with similar
characteristics, which would provide us with some reference values to validate our research; we have
done the analysis of our results by comparing the results obtained after every modification with the first
measurement taken from a virgin knee, and after applying a pressure of 15° on afemoral anteversion
(AVF), and having it describe a mobile arch of 0° to 90°. The tendency was statistically analysed
through a descriptive analysis and by comparing all the medians in independent groups and coupled
groups, with a significance level of 5%.

In every analysis performed before and after the anteversion and we observed two points of stress
opposite to each other, in patella. We observed that some areas act as a compression, and other as
traction, according to Pawels model. This stress state is modified in relation to the localization of

the pressure point (AVF). We observed that by increasing the AVF, there was an increase of the
compression in lateral zones of the patella.

We observed the relationship between some femoropatellar pathologies and femorotibial Turner and

(29) (59)

cols“7andYagi T and the femoral neck anteversion values. And aso we observed our results are
equal in similar all knees but the variations in reported values may also result from population differences
in patellar size or from differences in loading magnitudes or times, or both. And in addition the age, axes
and alignment. The conditions of our experience show a high rate of resemblance to the behaviour
observed in the patella during human gait. It must be emphasised that the simulator employed reproduced
gait kinematics and flexion and extension forces to which the knee is subject to. Forces ssimulated in

order to reproduce normal gait are quadriceps tendon, femoral biceps and ground forces.

~ To sum up, it seems to be no doubt that the patellofemoral joint and, consequently, work together

with distraction areas and compression areas. It also seems obvious that these areas are not always
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the same, but there are some torsional abnormalities that modify and distribute them, in such away
that the increase of femoral anteversion provokes the increase of the compression at an internal
patellofemoral compartment level,

In our research, there are two main factors, which we cannot control: the previous state of the kneein

its saggital axis (varus-valgus), and its previous tibia torsion or torsional morphotype. They are both

very important because there are agreat variety of torsional abnormalities (46) 4t femoral , patellar and

tibial levels, which affect all three-space planes and have a great influence on the end results.

¥ Inthe model presented in this thesis, we have accepted the simplifications proposed by the above
authors because with the experimental methodology we have today; it is not possible to do an accurate
reproduction of the step mechanism.

Since there are no experimental researches with similar characteristics, which would provide us with
some reference values to validate our research, we have done the analysis of our results by comparing
the results obtained after every modification with the first measurement taken from a virgin knee, and
after applying a pressure of 15° on afemoral anteversion (AVF), and having it describes a mobile arch
of 0° to 90°.

In every analysis we observed two points of stress opposite to each other, in the patella and we observed

that some areas act as a compression, and other as a traction, according to Pawels' model.

~ To sum up, it seems to be no doubt that the patellofemoral joint and, consequently, the work together
with distraction areas and compression areas. It also seems obvious that these areas are not aways the
same, but there are some torsional abnormalities that modify and distribute them, in such away that

the increase of femoral anteversion provokes the increase of the compression at an internal
patellofemoral compartment level, especially when the extremity is extended. It is also proved that

the pressures are redistributed in such away that the compression in the external patellofemoral.
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N\ CONCLUSIONS.
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& CONCLUSIONS.

1- During knee flexion the patella responds with two different kind of stress, some zones being

under Compression, and other zones under Traction.

2- The Strain Gauges are a good and reliable method to measure mechanical stresses of compression

and traction in bones and joints

3- A generalized statistics linear model was performed. Microdeformations observed in each Strain

Gauge was established as dependent variable. Fixed factors were Torsion, Phase and Cycle.

4- A direct relationship, statistically significance, between femoral neck anteversion and the

distribution of stressesin the patellawas founded.

5- Theincrease of femoral anteversion produces an increase of the pressure on the lateral patella.

6- The increase of femoral anteversion reduces the pressure in the internal patella until obtaining

traction forces in the biggest amount of tested anteversion.
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