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Background: Bench alignment is the initial alignment produced during prosthesis fabrication
before it is placed on the patient, and often follows guidelines established and provided by the
manufacturers of prosthetic feet and knees. Static alignment is undertaken with the prosthesis on
the patient and some weight bearing, and occurs before walking. It often involves examination
and correction of pylon height and general alignment of the prosthetic components.

Objectives: A systematic review of research on the effects of transtibial prosthesis alignment
perturbation on gait was carried out following guidelines prepared by the American Academy of
Orthotists and Prosthetists.

Criteria for selecting studies for this review:

Types of studies: All studies examined the effects of perturbations of transtibial prostheses as a
primary or secondary research goal, describe the perturbations quantitatively, and report results
quantitatively. Three tpe of studies were used: controlled before-after-trial, cross-sectional study,
and case series.

Types of participants: Persons with transtibial amputation

Types of interventions: Total body (I, total body measures), both limbs (1, bilateral
comparisons), and the prosthetic limb (I11, prosthetic limb). Total body measures () studies
examined the subjective acceptability of alignment, oxygen uptake, total body and joint work or
energy, walking speed, and cadence. Bilateral comparisons (I1) studies compared the prosthetic
and contralateral limbs or examined measures of symmetry. Category Il studies presented
outcomes for the prosthetic limb.

Types of outcome measures: The broad categories of outcome variables were gait temporal-
spatial characteristics (phase duration, step length or stride duration), electromyogram (EMG)
activity, ground reaction force or pylon force (extremes-peak magnitudes, extremes-timing,
impulse, center of pressure trajectory, or location), joint kinematics (range of motion

_ROM _/peak angles, peak angle timing, and angular velocity), joint kinetics (moment, impulse,
power, and work), and intrasocket forces (normal pressures, shear forces). The intrasocket force
subcategories of normal pressure and shear forces, which were applicable only to the prosthetic
limb, were further divided into the following categories: extremes-magnitude, extremes-timing,
patterns/ durations, and impulse. (Evidence Statements Table 5)

Search strategy for identification of studies: Searches were undertaken using the RECAL,
RECAL Legacy, MEDLINE,Web-O-Knowledge, Cochrane Reviews (Wiley InterScience),
CINHAL, and ScienceDirect databases.

Conclusion: (Evidence Statements Table 5) Prosthetists have been able to produce acceptable
alignments for years with minimal scientific knowledge, or “evidence,” and it is reasonable to
ask what can be gained from further research on alignment. Several benefits can be identified.
First, the sophisticated and complex ankle components coming on the market may require higher
standards of alignment to achieve their biomechanical potential. Second, manufacturers of such
components need to develop designs whose alignment requirements match the capabilities of
clinicians. Third, clinicians need to be able to detect, diagnose, understand, and correct gait
problems caused by alignment. Alignment is one of the major determinants of discomfort for the
amputee. Given the importance of achieving cost effectiveness in rehabilitation programs, it is
important to minimize discomfort and energy expenditure to the extent possible, so that the most
effective use of expensive prosthetic components can be achieved.
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Table 5. Evidence statements—botal body. symmetry, and termporal-smbial measures

References
(ER, study type, sample  Level of
E5" size, p=slal test) confidence
M acceptable alignment
1 Vertical peak ground reaction forces are significantly higher on the contralateral Emb LES 1T, p Moderate
than on the prosthetic limb. 6, E5. &
9,05, 6
14, E5. 2
16, E5. 14, g
28, E5. 5, p
2 Ground reaction force impulse echibits no signifiant difference between the 6, E5. Moderate
prosthetic limb and the contralateral Emh. 14, E5.2
16, E5. 14, p
25, 5.1, p
1  Hnee peak flexion angles and peak angle timing exhibit significant Sferences LElp Moderate
bebaeen the prosthetic limb and the contralateral Emb. 2, ER 17, e
i, E5. &
10, E5.5, p
4 Peak exterral knee sxtension moment, impulse, and work are signifiantly higher on 2 ER T, Moderate
the contralateral imb than on the prosthetic limb.
Perturbation of an acceptable alignment
5  'Walking speed exhibits no signifiant charge with perturbation of socket angular 2 ER 0T, High
aligrnment, foot Enear position, or foot transverse plane angular position. 5 E5l.p
i, E5. &
8 E5Bp
2 E2n
M ER T, p
28, E5. 5, p
G Cadence exhibits no significant change with perturhation of socket angular 2, E5 1T, e Moderate
aligrament, fool Enear position, or foeot transverse plane angular position. LER L p
R E.p
28, E5. 5, p
T Bikteral ground reaction force peak magnitude rebbonships (symmetries) exhibit mo 2, E5 1T, Moderate
significant charges with perturhation of socket angular alfignment, foob lirear b ES T
position, or oot transverse plane angular position. 8,056
16, E5. 14,
28, E5. 5, p

Gail initiation with an accephabde alignment
& Vertical ground reaction force peaks are significantly greater on the contralateral 19, E5. T, p Moderate

limb than the prosthetic limb for all maxima and minima evenls except first peak
on the stance fimb when it is the prosthetic limhb.

9 WVertical ground reaction force peak on the swing limb conurs earfier when it is the 19, 5.7, Moderake
prosthetic limb.

1} Anierior-posberior ground reaction force peals on the swing limb are sigrifiantly greater 9. E5T.p Moderate
when the swing limb is the contrabiteral imb rather than the prosthetic limb.

11 Mediallateral grownd reaction force peaks on the stance fimb are significantly greaber 9. E5T.p Moderate
when the stance fimb is the prosthetic limb rther than the contrabieral limh

12 Single suppori time on the sance limb f2s measured by delayed orset of single limb 9. E5T.p Moderate

support) is sigrificmntly shorter and has an earhier second peak vertical ground
reaction force when it is the prosthetic limb.

"A=nng eperienced imdiaternl transtbil ampuiees wallésg for short perfods of E=e on 3 level surface n o comtrolled emdronmest (23, gait bb o
dlink) uring experiments In wiich prosthesis alignment i being examised or waried.
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Table 6. Evidence siabemeris - effects by type of periurhation

aignment and nreae 15 the ool = iensalsd bheral relhve o xooepizhle 2Egmmend.

foefernies
(R, simy e,
Reserenies’ sie, pesl bsl]  Level of confdence
Eockel Megion-edension
ES1Z A ol kel flsion-sxdenson angoiar alignments and 2 range of kool anterior o 2,E5, 1T, » High
thons seem Lo be L [the pulees. with inleraction: bebween v aligrenent E, E5, &
vartdies limiling acoceplable combinalions. ILES T, p
L& E5, 5
T ES &
13,06, 10
ES W The milover shape of the prosthelic fool malche an “ieal” mil-over shape 2l aocepiile dignmend. 10,E5, 7,1 Moderals
ES 15 The range of areplahle socks dedon-adersion aignmenls vare (rom ndeidual o ndhvidmd E, E5, & Moderale
1LES T, n
L& E5, 5
T ES5 &
13,056, 10
ES 16 The range of areplahle socks dedon-adersion aignmenls decrexses I e walking suriace b mcimesd. T E5 & Moderale
ES 17 Inimzockel peak presmure on the resdual Hmb ncreasss al the dstl Hbh and decresses il the pabela 5E5 1,p Moderale
tendon 25 sodke! aligrment canges om acceptable Lo grealer Nevdon, and intrasmceet pek 15, E5, 2
presure an the resdual Bl dereses ab the didad Bbi and incrases al the mbelia ldon 15 M E5Lp
the sockel alignment donges (mom acceplabie o greler sdmmion. 23,E5, %
N, E5 1
35, E5 5, 0
M, E5 1
Sockel shindion-ddodion
ES 1B A range of skl sbdudion-addudion angular aignmenls in combination with a range of fool medbs- 13,00, 168, p Moderale
aleral tansdations seem o be acceplabie o Lhe ampilee L& E5, 5
13,06, 10
ES 18 The ange of acceplahile socks. abdndion-ddndion siinments vares irom ndvidiod Lo Indivadual. L& ES, 5 Woderals
13,06, 10
ES 3 Feak vertiad ground resdion forces on the prosthetic Emb exhibil mo dgmiiani changes when oot 5,08, 6 Moderale
ahdudionaddudion alisnment it perturbed reQlive Io acoeplable atgnmenl 16 ES, W, m
I8, EL 5,0
Fresthelic (ool heeld and loreiol weidging
ES 2l Feak presure al the distal end of Lhe Ubia bs incressed by heel wedging, and peic prasure in the 25,E5, 1T, Moderals
supaleibe region B Increzssd by forsfool wedzing.
ES=  Thetime Lo ooommence of pek pressure i e sohpalelar region i ncressed by hee wedging. 25, E5, 1T, Moderale
ES &  Sigmal power n the subpalellar region 1s decremssd and signal power al the @istal end of Lhe tbk s 25,E5, 1T, Moderals
increassd by hesl wedging.
ES 3  Sigmal power n the subpaleilar region 1s moreassd and signal power in the disial end of the bk & 25,E5, 1T, Moderals
decreamed by Forefiool wedjing,
Pradhelk feol anlerior-peserior Ipnskibon
ES & The range of areplahle fool anberior-prdersar dlnments varies from ndihvidod o mdividual. E, E5, & Moderale
1LES T, n
13,08, 16, p
L& E5, 5
T ES &
13,06, 10
ES 3 Fresure on (Lhe dislal Bhia & inTesed 2 the fool & irarsbied poalerior relative Lo acceplable 5E5 1,p Moderale
algnmenl and decrezsed a5 the fool s tensilead anlerior relithee b acceplabie allznment. 15, E5, &
BERLp
Prosihedic iool metzdlalerad tansdallon
ES &7 The range of areplahle (ool medai-alerd dignments wries from ndvidoal bo ndividual 13,00, 168, p Moderale
L& E5, 5
13,06, 10
ES 3=} Inimzocce] premuees b the le] didad Bhia and anleror distal 1ibla Incvease 3 Lhe ool & Iensbisd 5E5 1,p Moderale
medial relattve | acoeplabie alignment and decrease a5 the (ool is ansdaled Gleral relathe Lo 15, ES, &
aignmenl B ESEp
ES = Inimzocce] premuees o the lem] Hbil ondgle decese 2 the fool B ranshiesd medad rebiive Lo 15, ES, & Moderale
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References
(ER. study type. sample
References* sime, p=siat test]  Level of confidence
Prosthetsc foot internal-external rofation
ES 30 The range of accepiable internal-exterrol rotafions varles from indhddual to ndbddual 2 E5 17, 1 Modetate
ES 31 Single Hmb support durtation on the prosthelic imb 15 significantly shorter when the foot 15 rotated 2 E5 1T, Moderate
Intermally 6 refative to acceplable allgnment. but not when the foot 15 rofated externally 67 B E5 &
however an extermal rofation of 367 produces a significantly shorter stance phase duration. e
ES 32 Peak knee flexion angle 1s decreased significantly on the prosthetic ltmb at 67 of inkerrad rofabion 2 E5 1T, n Moderate
ES 33 Peak ground reaction force megnifudes on the prosthetic ltmb exhibit no significant changes when the ) 2 T Moderate
fiook 1s rofated Interrally 67 or edernally 367 relative to accepiable alignment 28 E5.5,p
ES 34 Peak sutermal knee moments in the sagittal plane on the prosthebc limb exhiblf no stgnificant changes 2E5 1T, Moderate
when the foot 15 rotated intermally 157 or externally 157 relattve io acceptable alignment. 28 E5.5,p
ES 35 Knee Joint impulse, and work In the sagittsl plane on the prosthetic tmb exhibit no significant changes 2.E5 17T, n Moderate
with up to 6 of Intermal rotation and up fo 6 of external rotatton relative to accepiable
alignment.
ES 36 Peak extrrmal knee extersion moment, impulse, and work on the contralateral Bmb are significanthy 2 E5 17, 1 ModeTate

mecreased by 6" of interral rofation of the fool relafive to soceptable alignment whereas & of
exterral rotition does not Increase significantly these measures.

Perturtation and gast inttlation

ES 37 Center of pressure trajectories of the prosthetic and confralateral Hmbs exhibit no significant changes 18, E5.7,p Moderate
with foot plantar and dorsifledon by +5°, fool Imverston and eversion by =57 and pylon lergth
changes of +2 cm relabive to acceptable alignment.

ES 3R Ground reacton force peaks In all directions exhibit no signdficant changes with foot plantar and 19, E5.7,p Moderate
dorsifiexion by +5°, foot tnversion and everslon by =5 and pylon length changes of =2 cm
relattve to acceptzble alignment

ES 30 Ground reacHon force peak magribsde Hmings and pressure patterns exhibit no significant changes 19, E5.7,p Moderate
with plon helght varation of =2 cm from an acceptable alignment.

Alignment with SACH feet

ES 40 Acceptable socket allgnment cocurs at a socket flaeton of approdmately 57 +4° (STD DEV). 11,E5.7,p Moderate
18 E5.5
33, 05, 10
ES 41 Acceptable socket allgnment oocurs at 3 socket adduchion of appromimadely 357 + 3.2 (STD DEV). 33,05, 10 Moderate
ES 42 Acceptable foot alignment ocours with a top foot bolt hole posiion 208 cm + 1.55 cm (3T DEV) 33,05, 10 Moderate
anterior with respect to the prmdmal center of the socket.
ES 43 Acceptable foot altgnment ocours with a foot top bolt haole posiion approctmotely 019 + 0.58 an 33,05, 10 Moderate

(ST} DEV) laberal with respect bo the proddmal center of the socket.

“*Among experienced unilateral transtibial amputees walking for short periods of time on a level surface in a controlled environment (e.g., gait lab or
clinic) during experiments in which prosthesis alignment is being examined or varied.




