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Interface pressures and shear stresses: sagittal plane angular
alignment effects in three trans-tibial amputee case studies
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Abstract

Interface pressures and shear stresses at
different  sagitia]l plane angular alignment
scttings were measured on 3 trans-tibial amputee
subjects ambulating  with patellar-tendon-
bearing total contact prostheses. Substantial
socket-shank angular alignment modifications in
the sagittal plane had minimal effect on stance
phase peuk interface pressures, though more
substantial effects on stance phase peak resultant
shear stresses, No consistent trend of a greater
stress at misaligned vs nominally aligned
settings was identificd. Changes in interluce
stresses from session to session tended to be
greater than those for different alignment
settings, suggesting that subjects compensated
well for misalignments but less well for session
differences,

Introduction

The sagittal plane angular alignment of a
lower-limb prosthesis, the angular position of
the foot relative to the socket in the sapittal
plane, influences the distribution of mechanical
stress at the stump-socket interface. Howcever,
data rcported in the literature vary as to the
degree of influence of the alignment on interface
stresses. Pearson et al, (1973) found that 10
degree llexion adjustments (with no translational
compensalton) on one subject resulled in
pressure  changes of 99% (285kPa), 51%
(135kPa). 26% {(26kPa), and 40% (21kPa) for
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the anterjor distal tibia, patcllar tendon. lateral
tibial condyle, and medial tibial condyle sites
respectively. Ten degree cxtension adjustments
resulted in pressure changes of 42% (150kPa),
35% (83kPa). 0% (0kPa). and 40% (21kPa).
However, Appoldt et al. (1968) on 2 trans-
fernoral amputee subjects found only a small
reduction {complete quantitative data not
provided) at cvery test location for 5 degree
flexion and extension adjustments (with
translational compensation). Winarski and
Pearson (1987). on trans-tibial amputee subjects,
found 30% (67kPa) pressure changes for 1
subject and 30% (28kPa)} changes for a second
subject at a patellar tendon site when 10 degree
flexion adjustments were made (with no
translational compensation). Ten degrees of
extension produced changes of 53% (80kPa) and
54% (46kPa) in the same 2 respective subjects.
The purpose of this rescarch was to extend
from and add to this databasc of interface stress-
alignment investigations. An intent here is
inclusion of resultant shear stress data with
pressure in the analysis so as to determine if the
changes of interface resultam shear stresses to
alignment follow similar patterns to those for
pressures collected at the same site. It was also
intended to compare interface pressure sensitivity
to alignment with results reported in the literature
adding data to analysis of this important issue,

Methods
Subjects

All subjects were male unilateral trans-tibial
amputees who regularly wore total contact
patellar-tendon-bearing (PTB) prostheses with
sleeve suspensions and had been amputees (or at
least 1 year. Subject No.1 was 23 years of age,
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Site

Abbr.

Description of location

Anterior Lateral Proximal
Anterior Medial Proximal
Anterior Lateral Distal*
Anterior Medial Distal
Lateral

Posterior Proximal

Posterior Distal

ALP
AMP
ALD
AMD

L
PP
PD

at the level of the tibial tubercle, lateral side

at the level of the tibial tubercle, medial side

distal stump, anterior tibial border, lateral side
distal stump, anterior tibial border, medial side
femoral neck, ~2cm distal distal to the fibular head
mid-calf, on the posterior longitudinal midline

distal calf, on the posterior longitudinal midline

*for Subject No.3, this site was located in the mid-limb region because of excessive scar tissue more distally,




Subject Plantarflexion Dorsiflexion

1 -12 degrees 4 degrees
2 -9 degrees 5 degrees
3 -5 degrees 8 degrees
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Pressure

Subj. No.of AMP ALP AMD ALD L PP PD AX
Sess | Alig | steps | Mag COV | Mag COV| Mag COV| Mag COV| Mag COV| Mag COV| Mag COV | Mag COV
1.1 | zero [ 20 | 88.0 229%| 924 6.1% 1009 5.6% 119.4 10.2% 860.2 4.4%
dflex| 20 | 60.2 23.0%| 929 10.5% 97.7 54% 1114 69% 8133 52%
pflex| 19 | 89.7 16.0%| 889 7.5% 100.7 6.1% 1200 9.4% 8461 3.4%
1.2 | zero | 20 | 666 11.5%] 114.1 7.0% 87.7 4.6% 722 29% | 7969 3.2%
dflex| 20 | 670 13.8%| 1179 154% 88.8 7.2% 68.5 7.0% |792.1 25%
pflex| 20 | 78.2 15.0%[ 1129 79% 89.1 8.1% 69.4 38% |7749 2.5%
21 | zero | 16 57.4 10.0% 98.0 6.2% 922 9.1%| 839 99% |784.8 3.0%
dflex 17 60.0 84% 980 5.1% 939 6.1%| 79.7 54% |758.3 3.5%
pflex| 16 731 13.9% 85.3 8.3% 97.6 4.8%| 932 4.1% |822.7 39%
22 | zero | 10 534 21.2%| 98.6 3.7%| 1011 33%|101.2 4.5% 798t 3.4%
dflex | 12 532 15.6%| 953 6.2%| 1060 54% | 1123 49% 784.6 2.3%
pflex | 11 525 95%| 934 98%| 1059 6.0%|103.1 3.2% 8394 3.5%
23 | zero | 19 [ 916 90%| 97.7 2.8% 1085 5.0%| 829 39% |783.3 3.0%
dflex| 23 | 982 12.2%| 975 4.8% 1119 8.1%| 795 5.0% |778.6 3.2%
pllex| 26 | 73.5 100%| 91.7 5.3% 1110 2.9%| 1024 3.5% |862.1 2.8%
3 zero 5 580 5.2% 1248 6.7% 1835 3.2%| 990 21% 926.1 3.4%
dflex 51701 68% 1249 2.6% 1665 4.1%| 932 33% 9297 3.5%
pflex| 13 | 514 43% 130,11 3.7% 1859 5.6% | 1040 2.4% 9500 1.8%
32 | rero 8 23.7 26.7% 1119 2.2% 783 1.9%| 79.1 34% (9309 2.6%
dflex | 25 28.2 28.9% 1055 2.9% 788 2.8%| 775 2.7% |9050 2.3%
pflex 7 25.9 ¥1.1%| 121.7 6.2% 851 1.6%| 834 2.8% |933.2 14%
33 | sero| 16 331 20.3%| 154.1 6% 1643 9.4% 82.0 3.0% |9504 2.4%
dflex| 16 29.9 17.9%| 1340 5.1% 1564 48% 76.0 3.9% [882.1 2.6%
pllex| 17 31.2 30.3%| 1410 58% 1712 85% 894 3.2% (9698 3.3%
34 | zero| 16 | 528 5.0%| 359 204% 1593 4.2% 1073 2.0% 9313 2.2%
dflex| 16 | 59.1 65% | 38,1 23.8% 1483 4.7%| 993 2.0% 8755 2.7%
pflex | 20 | 489 55%| 36.6 14.5% 167.0 4.5% | 1108 2.2% 9466 2.2%
Resultant shear stress
Subj. No, of| AMP ALP AMD ALD L 13 PD
Sess | Alig | steps | Mag COV| Mag COV| Mag COV| Mag COV| Mag COV| Mag COV| Mag COV
L1 | zero | 20 77 33.0%| 135 103% 37 95% 40.7 39%
dflex | 20 80 157%| 13.7 8.7% 331 6.3% 380 6.2%)
pflex| 19 8.2 234%| 13.0 12.5%| 326 9.5% 398 3.6%
1.2 | zero | 20 82 30.6%| 189 17.0%| 29.2 16.1%j 81 6.6%
dflex | 20 64 31.5% 206 18.3% 290 122% 77 13%
pflex| 20 [ 10.8 328%| 174 18.7% 217 204% 85 94%
21 | zero | 16 22,1 18.7% 299 12.9% 359 6.8% 215 46.7%
dflex| 17 227 24.2%| 293 17.3% 404 9.6%| 160 59.6%
pflex| 16 196 16.8%| 396 9.7% 364 103%| 154 41.8%
22 | zero| 10 207 20.1%| 16.7 12.1%{ 110 7.4%| 166 7.3%
dilex | 12 220 15.2%| 18.7 10.6%| 11.3 99%| 186 6.3%
pflex| 11 222 88%| 22.1 109%| 123 13.3%| 165 7.1%
23 |zero| 19 | 113 24.9%| 222 12.1% 197 52% 118 22.0%
dflex | 23 [ 122 25.9%( 20.7 10.3%) 208 47%| 13.2 158%
pflex| 26 8.5 22.1%| 348 17.9% 162 63%| 174 314%
3.1 | zero 5 57 139% 403 9.0% 438 44%| 107 78%
dflex - 96 20.9% 36.2 13.7% 444 5.6%| 104 B.0%
pflex | 13 58 23.8% 404 16.0% 457 74%| 112 12.1%
32 | zero 8 140 24.2% 9.2 10.7%| 82 78%| 50 368%
dflex| 25 126 18.3%| 7.2 14.0% 84 6.6% 82 192%
pflex 7 133 27.3%| 13.7 43.8%| 82 10.5% 7.2 208%
33 | zera| 16 78 13.5%| 390 144% 318 10.2% 68 10.0%
dflex | 16 9.7 155%| 37.6 14.1% 330 6.2%) 6.3 14.0%
pflex | 17 6.2 14.6%| 473 15.3% 339 85% 86 13.5%
34 |zero| 16 | 56 15.5%| 108 13.9%| 362 3.7%| 135 6.1%
dfiex| 16 68 13.2%| 106 1L0% 343 3.5%| 130 72%
pflex| 20 63 14.6%| 115 11.1%| 374 11.2%| 131 6.0%




Pressure

Subj AMP ALP AMD ALD L PP PD AX
Sess | Allg | Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMo| Mag FrMa| Mag FrMn| Mag FrMn| Mag FrMn
1.1 dfiex |-278 -37.6%| 05 0.5% 32 2% B0 -6.9% 469 -5.6%
pllex | 16 1L8%| -35 -3.8% 02 02% 06 05% 141 -L7%
1.2 | dflex | 04 06% 39 33% 1.2 1L3% 38 -5.3%| 47 -0.6%
pflex | 115 159%| -12 -10% 14  L6% 28 -39%|-220 -2.8%
2.1 | dflex 25 4.3% 00 0.0% L7 19%| 42 -51%| 265 -34%
pllex 157 24.1% <127 -13.8% 53 5.6%| 93 105%| 378 4.7%
22 | dflex 02 03%| -33 -34%| 49 48%| 111 104% -13.5 -1.7%
phlex 09 -L6%| -52 -54%| 48 47%| 1Y 19% 413 5.0%
23 [dilex| 66 T7.0%| 02 -0.2% 33 3.0%| -34 42%| -46 -0.6%
pflex [-18.1 -21.9%| -6.0 -6.4% 25 22%( 195 21.0%| 788 9%.6%
= 5] dflex [ 121 189% 01 1% 169 97%| 58 -6.0% 6 04%
pllex | 0.6 -12.1% 53 42% 24 13%| 50 49% 219 2.5%
3.2 | dflex 45 17.4% 65 -59% 05 0.6%| 1.6 -21%|-259 -2.8%
pflex 23 92% 97 83% 67 B83%| 43 53%| 22 02%
33 | dflex 232 -10.1%|-202 -14.0% 19 -49% 6.0 7.7%|-68.3 -1.5%
pflex -19  -58%(-13.1 -8.9% 69 4.1% 74  8.6%| 194 20%
34 | dflex | 64 114%| 22 59% -109  -7.1%| -80 -7.8% -55.7 -6.2%
pflex | -38 -7.6%| 07 19% 78 48%| 35 32% 153 1.6%
Resultant shear stress
Suby. AMP ALP AMD ALD L PP PD
Sess | Alig | Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMn
L1 | dflex | 02 26%| 02 14% 14 44% 27 -69%
pflex [ 05 58%| -05 -37% 09  2.7% 09 -2.2%
1.2 | dflex | -19 -25.6%| 1.7 B8.5% 02 -08% 04 -5.0%
pflex | 26 27.2%| -15 -8.2% 15 -52% 04 45%
2.1 dflex 07 29% 05 -18% 45 118%| -7.6 -38.3%
pflex -25 -120% 98 28.1% 05 15%| -8.2 -41.9%
22 | dflex 13 62%| 20 113%| 03 28%| 20 1L1%
pflex 15 67%| 54 245%| 13 105%| -0.1 -0.7%
23 |dflex| 09 78%| -15 -6.8% 1.1 83%| 14 1L1%
pflex | -2.8 -28.8%| 126 44.2% 35 -197%| 56 384%
31 dflex | 4.0 52.0% -4.2 -10.9% 06 13%| 03 -31%
pflex [ 0.1  2.6% 00 0.1% 19 42%| 05 42%
3.2 dflex 13 -99% 2.0 -24.1% 03 3.2%| 32 48.0%
pflex 06 -45% 45 392% 01 0.6%| 22 363%
33 | dflex 19 21.3%| -1.4 -38% Ll 34% 05 -78%
pflex -l.6 -22.3%| 83 19.2% 21 63% 1.7 224%
34 |dflex | 1.3 205%| -02 -2.1% 20 -56%| 06 -43%
pflex | 0.7 125%| 07 6.6% 12 33%| -04 -29%




Stress (kPa)

120

100

[=+]
(=]

(=]
o

40

20

Ozero
@ dflex
W pfiex

I

AMD AMD ALD ALD L L =2 P
pr rs pr rs pr rs pr rs
Location, Stress Direction
(Qr, pressure; rs, resultant shear stress)



Pressure

-
Subj. ;l:: AMP ALP AMD ALD L PP PD AX
Sess | Sess (d) | Mag Fr Mn| Mag Fr Mn| Mag FrMn| Mag FrMn| Mag Fr Mn| Mag Fr Ma| Mag Fr Mn| Mag Fr Mn

Llv12 0* | 214 27.7%|-21.7 -210% 132 140% 634 T7.6%

21v22 12 06 -0.6% 90 -9.3% -133 -1.7%

22v23 19 13 70% 148 -19%

21v23] 131 -40.3 -51.9% <163 -163%| 10 12%| 16 02%

dlv32 5 207 23.3% 48 -0.5%

3.1v33 9 -294 -21.0%] 192 11.0% 243 2.6%

31v34 9 52 94% 242 14.1%( -83 -B0% 52 -0.6%

32v3j3 4 -94 -33.2% 29 -36%|-195 -2.1%

32v34 4 -123 -41.2%) <290 -31.2% 03 00%

33v3id 0 28 -B.3% 50 31% 191 20%

**0 days indicates that morning and afternoon session were conducted on the same day

Resultant shear stress
Time

Subj. brwn AMP ALP AMD ALD L. PP PD

Sess | Sess (d)| Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMn| Mag Fr Mn| Mag Fr Mn| Mag Fr Mn
L1v12 0 05 -6.0%| -54 -33.1% 25 82%
21va22 12 13.2 56.5% 192 73.3%
21v23 19 00 -0.5%| 162 58.2%| 117 66.3%
22v23] 31 3.1 -16.9%
3lv:32 3 26 271%
31v33 9 13 33% 120 31.6%
31v34 @ 0l 1.9% 76 19.0%| -28 -229%
32v33 4 6.1 56.4%| -18 -31.2%
32v34 4 32 257% 53 -49.2%
33v34 0 3.0 -31.9% -44 -12.9%
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consistent pressure values than resultant shear
stress values,

Though not part of the original study design,
analysis ol session to session differences showed
that session changes had a greater impact on
interface stresses at a greater proportion of sites
than did alignment changes within a session,
Diflerences from session 10 session were not
accompanied by greater changes in shank axial
force. Possibly, changes in stump shape or
material properties were responsible for the
session to session differences. To investigate
their relative influence, further studies need to be
conducled in which stump shape and/or material
properties as well as interlace stresses arc
measured. Appoldt er al. (1968) also noted
significant session to session differences bul he
reported for the 2 subjects tested that only in
sessions weeks or months apart were the effects
signilicant. Day to day varialions were typically
within the larger of £7kPa or +20%. It is clear
from Appoldt’s results and those presented here
that the relative influence of session to session
effects compdred with alignment changes or
other modifications to the prosthesis is an area
worthy of further investigation, If session to
session changes were shown to be more
influential on interface stress magnitude
changes, then more intensive design and fitting
concentration on techniques 1o overceme shape
changes would be warranted.
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