
Use of Quantitative Gait Analysis for the Evaluation of
Prosthetic Walking Performance
Steven A. Gard, PhD

ABSTRACT

Prosthetists must be skilled in observational gait analysis to perform a rapid assessment of their client’s gait in the clinic

and make appropriate adjustments to the prosthesis to eliminate or reduce gait abnormalities. Quantitative gait

evaluations are able to provide additional, objective information to supplement the clinical observation. Although

quantitative gait analysis has become a clinically accepted means for evaluating and documenting certain pathologies that

affect pediatric gait such as cerebral palsy and myelomeningocele, routine clinical quantitative gait analyses are not

performed on lower-limb prosthesis users. Unfortunately, limitations in our understanding about the pathomechanics of

amputee gait and the functions that need to be provided by prostheses inhibit our ability to effectively use quantitative

gait data as a means to diagnose and treat observed gait deviations. Furthermore, data pertaining to amputee gait can be

difficult to assess and interpret because the data can be highly influenced by the particular choice of prosthetic

components, socket type, and suspension, as well as by the residual anatomy, abilities, and psychological well-being of the

patient. Studies of prosthetic users reported in the literature tend to indicate a lack of consistency in quantitative gait

measures, even in similar populations of amputee subjects who are walking with comparable prosthetic configurations.

Therefore, the value of using these data individually for outcome measures is questionable. At present, quantitative gait

analysis appears to be beneficial for documenting the rehabilitation progress of patients over time and may be useful for

evaluating some prosthetic gaits, but the information may not necessarily enable the experienced clinician to make better

decisions regarding prosthetic prescription or modifications. Nonetheless, it is important that we continue to strive to

effectively integrate these quantitative measurements with the experience and skill of the prosthetist and the subjective

feedback of the prosthetic user.

INTRODUCTION

A
quantitative gait analysis is generally considered to be

any objective means that can be used to measure

walking performance. The procedure can be as simple

as measuring step length with a ruler or determining cadence

with a stopwatch, or it can be as sophisticated as full-body

motion capture with state-of-the-art instrumentation. Re-

gardless of the methods, the measurements that are collected

are used to assess the quality of the gait and to characterize

the motion. Observational gait analysis involves a subjective

assessment of an individual’s gait, but experienced individu-

als are often able to visually identify many of the same gait

abnormalities that can be discerned with quantitative gait

analysis. However, key advantages of quantitative gait analy-

sis for persons with lower-limb pathologies are that the

results allow for easy comparison of a patient’s gait charac-

teristics to an able-bodied pattern for a relatively quick de-

termination of abnormal movements, and it documents a

patient’s gait at a particular point in time so rehabilitation

progress can be tracked.

Using quantitative gait analyses to fully describe a person’s

gait generally entails the combination of a multitude of

measurements, including temporal-spatial parameters, kine-

matics, kinetics, and energy expenditure. When presented

with large quantities of descriptive measurements, wading

through all of the data and picking out relevant information

can take a tremendous amount of time and effort. However,

the process can generally be facilitated by involving someone

who is knowledgeable about the measures and skilled in

analyzing and interpreting the data. Visual gait analysis,

performed first-hand or by viewing a videotape recording of

the subject’s gait, can greatly aid with the interpretation of

the quantitative gait data.

Once regarded as a research endeavor, quantitative gait

analysis has now become a clinically accepted means for

documenting and evaluating the characteristics of a person’s

gait, particularly in the presence of pathologies that affect

walking. Presently, there are numerous clinical gait analysis

laboratories dedicated to the evaluation of children with

cerebral palsy, myelomeningocele, or other disabling condi-

tions that affect walking. The results from these analyses are

used by physicians and therapists to determine appropriate

surgical interventions or courses of treatment for the child

with the intent of improving walking efficiency and appear-

ance. Gait analyses are typically performed before and after
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and utilizing gait measurement systems that enable different

components to be compared in “real world” situations outside

of the gait laboratory.

Many of the published quantitative gait studies seem to

indicate that amputees are able to readily adapt to changes in

their prostheses. Most prosthetists have probably noticed this

effect in the clinic—they fit their client with a new prosthetic

component, and visual gait analysis indicates no discernible

difference from a previous prosthetic configuration. Experi-

enced prosthetic users are able to readily adapt to minor, and

major, prosthetic modifications. In those cases, their gait

does not usually improve and they will often display the same

gait pattern as before. Therefore, greater attention must be

paid to gait training for new amputees, and retraining for

more experienced users to break their bad habits and to instill

proper form. For prosthetic users to achieve maximum ben-

efit from new technology, they must be taught how to walk

with their prostheses in such a manner that they take full

advantage of the design features. Good gait requires that the

user develop trust, security and confidence in his or her

prosthesis, learning one’s capabilities and identifying limita-

tions, all of which take time and experience.

Even though statistically significant differences among

components are usually not detected using quantitative gait

measures, subjects often express clear preference for one

component over another, suggesting that very subtle changes

in gait may be detected by the user and be perceived as

significant.27 Further exploration and analysis are required to

unravel the complex relationship that exists among quanti-

tative gait data, clinical observation and patient perception of

the prosthesis.75 The inability to detect changes between

prosthetic configurations using quantitative gait analysis is

not a limitation of current motion measurement systems;

they are able to measure body motion and forces with suffi-

cient accuracy. The problems we are currently struggling

with concern our lack of understanding about how to best

restore ambulation ability in someone with a leg amputation,

how to provide sufficient function through prosthetic design

and with appropriate selection of componentry, and how to

best use and incorporate quantitative gait data with visual

observation and subjective feedback to effect substantive im-

provement in the function, aesthetics, and efficiency of pros-

thetic gait.

Quantitative gait analysis is recognized as being useful for

providing an objective assessment about the way a person

walks. Studies of prosthetic users reported in the literature

tend to indicate a lack of consistency in quantitative gait

measures, even in similar populations of amputee subjects

who are walking with comparable prosthetic configurations.

Therefore, the value of using these data individually for

outcome measures is questionable. Energy expenditure mea-

sures, as a gross indicator of walking performance, tend to

show some promise as reliable outcome measures for the

evaluation of prosthetic gait, though it is not possible to

readily identify specific gait abnormalities that may be evi-

dent in temporal-spatial, kinematic or kinetic data. For the

time being, quantitative gait analysis may be best used in the

research laboratory as opposed to the clinic, but it is impor-

tant that we continue to strive to effectively integrate these

measurements with the experience and skill of the prosthetist

and the subjective feedback of the prosthetic user.
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