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Abstract
Introduction: Environmental factors have also been recognized to be a component of a multidimensional
gait assessment of people living with disabilities, like persons following an amputation. Objective: To in-
vestigated whether the environmental factors outlined by the International Classification of Functioning,
Disability,and Health (ICF) are considered when evaluating gait following lower limb amputations. Materials
and methods: A literature search of the PubMed, EMBASE, CINAHL, and SPORTDiscus databases was per-
formed. The keywords “amputation” and “gait” were combined with the keywords “barriers”, “facilitators”,
and “environmental factors”. Searches were performed without language restrictions. All articles containing
data about environmental influences on gait functionality after lower limb amputations published during
or after 2002, were included. Manuscripts that did not study adults and literature reviews were excluded.
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Resumo

Two researchers identified potentially eligible articles and the methods used to assess gait. To make com-
parisons between scales, the 2 researchers selected the categories from the ICF chapter on environmental
factors. Results: Fourteen studies were obtained from the search. Seven studies were duplicates and 4 were
excluded. The remaining 3 articles were evaluated. We identified a total of 74 possibilities for categoriza-
tion according to the ICF environmental factors, but only 7 ICF categories (9.45%) were considered in the
studies analyzed. Conclusions: The influence of environmental factors is frequently not considered in the
evaluation of gait following a lower limb amputation. Thorough evaluation of gait after lower limb amputa-
tion should reflect the complex nature of gait changes, including environmental factors.

Keywords: Amputation. Gait. International Classification of Functioning. Disability and Health.

Introducdo: Fatores ambientais fazem parte da avaliagdo multidimensional da marcha de pessoas que vivem
com deficiéncia, como as que possuem uma amputagdo. Objetivo: Investigar se os fatores ambientais definidos
pela Classificagdo Internacional de Funcionalidade, Incapacidade e Satide (CIF) sdo considerados quando se ava-
lia a marcha de individuos com amputagdo de membros inferiores. Materiais e métodos: Foi realizada uma
revisdo consultando as bases de dados PubMed, EMBASE, CINAHL, e SPORTDiscus. Utilizaram-se os termos “am-
putagdo” e “marcha” combinados com os termos “facilitadores’, “barreiras” e “fatores ambientais” As pesquisas
foram realizadas sem restrigcées de idioma. Foram incluidos os artigos publicados no ano de 2002 e a partir dele,
que continham dados sobre a influéncia dos fatores ambientais sobre a funcionalidade da marcha em individuos
com amputagdo de membros inferiores. Dois pesquisadores identificaram, selecionaram os artigos, identificaram
0s métodos e instrumentos usados para avaliar a marcha. Para comparar as escalas dois pesquisadores selecio-
naram as categorias dos capitulos fatores ambientais da CIF. Resultados: Foram identificados 14 estudos, destes
sete eram duplicatas e quatro ndo tinham relagdo com os objetivos estudados. Dos trés artigos restantes foram
identificadas 74 possibilidades de categorizagdo com os fatores ambientais das CIF, porém apenas 7 categorias
(9,45%) puderam ser correlacionadas. Conclusées: Os fatores ambientais ndo sdGo comumente considerados na
avaliagdo da marcha de individuos com amputagdo de membros inferiores. Uma avaliagdo apdés uma amputagcdo
de membros inferiores reflete a complexidade das alteragdes da marcha, as quais incluem os fatores ambientais.

Palavras-chave: Amputagdo. Marcha. Classificagdo Internacional de Funcionalidade. Incapacidade e Satide.

Introduction

No systematic evaluation to assess function of am-
putees currently exists because there is no consensus

Amputation has serious aesthetic, functional,
emotional, social, economic, and psychological con-
sequences (1). Several complications can negatively
affect rehabilitation for amputees such as stump pain,
flexion deformity, painful neuromas, skin complica-
tions, vascular damage, bones irregularities, excess
soft tissue (2), sensation and phantom pain (3).

Basic activities of daily living, work, and rest pres-
ent unique challenges that can negatively impact self-
esteem of amputees (4). For persons following ampu-
tations of the lower extremities, the main limitation
is difficulty walking, which limits function necessary
for independent living (5). Reduced motor abilities
can have additional negative effects on the mental
health of these individuals (6).

on which scales or instruments should be used (5,
7, 8). The use of assessment tools that have not yet
been validated or are not standard makes it impos-
sible to compare results and reduces the reliability
and reproducibility of studies (9). The International
Classification of Functioning, Disability, and Health
(ICF) seeks to establish common measurements and
language for health and disability outcome measure-
ments. Since 2001, the ICF has advocated for assess-
ment of human functioning and disability to consider
factors such as the environment and personal char-
acteristics that affect quality of life. Accordingly, the
ICF provides a standard classification that accounts
for the presence and severity of health problems and
their impact on the individual and society (10).
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The ICF uses an alphanumeric coding system
where letters refer to a particular component (e.g.,
body functions (b), body structures (s), activities and
participation (d), and environmental factors (e)) and
numbers refer to the chapter (or first level catego-
ries) and categories of the second, third, or fourth
level. The detail of categories is progressive where
the first level is the most general and fourth level
is the most detailed. To provide additional meaning
to ICF codes, a numerical qualifier from 0 to 4 is as-
signed to indicate the severity of the problem. Zero
indicates no problem and 4 indicates the most severe
problem. The numbers 8 and 9 are also used as quali-
fiers and mean “unspecified” and “not applicable”,
respectively (10).

Environmental factors have also been recognized
by the ICF to be a component of a multidimensional
assessment of people living with disabilities (11,
12), like amputees, who reported perceiving sub-
stantial problems in the environment (13, 14).
These factors are important because they influ-
ence the rehabilitation process for these patients
(15). According to the ICF, environmental factors
are defined as the physical, social, and attitudinal
environment in which people live and conduct their
lives. These factors are external to individuals and
can positively (facilitator) or negatively (barrier)
influence several aspects of a person’s life. These
aspects include performance of the individual in
society, the capabilities of the individual to execute
actions or tasks, and the function or structure of
the person’s body. The ICF divides environmental
factors into 5 chapters: 1) products and technology,
2) natural environment and human-made changes
to the environment, 3) support and relationships,
4) attitudes, and 5) services, systems, and policies
(10). It is essential to investigate whether environ-
mental factors outlined by the ICF are considered
during evaluations of gait in persons following a
lower limb amputation.

Materials and Methods

This study was an integrative literature review that
is a wide methodological approach that can include di-
verse study designs and allows review of theories and
evidence to provide a complete understanding of the
phenomenon analyzed (16).

Data sources and searches

Studies were searched for using the PubMed,
EMBASE, CINAHL, and SPORTDiscus databases. Using
Boolean operators the keywords “amputation” AND
“gait” were combined with “environmental factors”
OR “barriers” OR “facilitators”. The search did not
have language restrictions and was conducted in May
2013 in all indexes field.

Selection criteria

All articles that investigated the influence of en-
vironmental factors on gait in persons following a
lower limb amputation were collected. The ICF was
released in 2001, and therefore, only articles pub-
lished during or after 2002 and published until May
2013 were included. Studies of children (under 18
years of age), literature reviews, thesis and letters to
the editor were excluded.

Selection of articles

Duplicate search results (articles retrieved by 2
or more databases) were removed. Titles and ab-
stracts of the remaining articles were screened by 2
researchers to identify potentially eligible articles.
Researchers met to discuss studies that would be
included or excluded. The study designated a third
researcher to resolve any disputes over inclusion/
exclusion of articles, but no disputes occurred.

Environmental factors selection

To reliably correlate the assessment tools used
in studies with the ICF environmental factors, the
eight standards sequence proposed by Cieza et al.
(17) was used. The 8 standards are: 1) Before one
links meaningful concepts to the ICF categories, they
should understand the conceptual and taxonomical
fundaments of the ICF, as well as the chapters, do-
mains, and categories of the detailed classification,
including definitions; 2) Each meaningful concept is
linked to the most precise ICF category; 3) Do not use
the so-called “other specified” ICF category uniquely
identified by the final code “8”. If the content of a
meaningful concept is not explicitly named in the
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corresponding ICF category, the additional informa-
tion not explicitly named in the ICF is documented;
4) Do not use the so-called “unspecified” ICF category
uniquely identified by the final code “9”, but the lower
level category instead; 5) If the information provided
by the meaningful concept is insufficient to determine
the most precise ICF category it should be linked to,
the meaningful concept is assigned “nd” (not defin-
able); 6) If the meaningful concept is not contained
in the ICE butitis clearly a personal factor defined by
the ICF, the meaningful concept will be assigned “pf”
(personal factor); 7) If the meaningful concept is not
contained in the ICF and it is clearly not a personal
factor, this meaningful concept is assigned “nc” (not
covered by ICF); 8) If the meaningful concept refers
to a diagnosis or a health condition, the meaningful
concept will be assigned “hc” (health condition).

In order to establish the relationship between
scales, 2 researchers with different healthcare back-
grounds, but both working in rehabilitation, indepen-
dently selected categories of the ICF environmental
factors chapter that could be related to the criteria
evaluated by the studies. For this, each measure eval-
uated was compared with a detailed description of
each category in the ICE. Once the relationship was
established, the 2 researchers agreed on the inclu-
sion or exclusion of each category. Had agreements
not been reached regarding any category, a third re-
searcher would have resolved disputes, but this was
not necessary.

Results

Atotal of 14 studies were obtained from our data-
base searches. Seven of these studies were excluded
because they were duplicates and 4 were excluded
because they investigated topics unrelated to the
aims of this study (barriers to assess educational
programs, neurotoxicity by prolonged use of metroni-
dazole, balance deficits during cardiac rehabilitation,
and a literature review of postoperative complica-
tions). The remaining 3 studies were evaluated and
methods used to assess gait following lower limb am-
putation were identified (Figure 1). Environmental
factors identified in measurements are outlined in
Table 1. In the analyzed studies, there were a total of
74 possible categorizations of environmental factors
defined by the ICF, but only 7 (9.45%) ICF categories
were used.

Eletronic database search:

PubMed (n = 3)

EMBASE (n = 6)

CINHAL (n = 2)
SPORTDiscus (n = 3)

Total (n = 14)

Repeated studies
(n=7)

Studies for analysis
infull(n =7)

Studies excluded
from the full
(n=4)

Studies included in
the review (n = 3)

Figure 1 - Flow chart of the selection of the studies

Discussion

This study identified and analyzed the envi-
ronmental factors that are considered during gait
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evaluation in persons following lower limb amputa-
tion. This study focused on environmental factors
because the ICF views disabilities not only as dysfunc-
tions of the person, but also the impacts they have on

social activities. Additionally, the ICF recognizes the
importance of environmental factors that influence
functional independence, either by facilitating it or
obstructing it (10).

Table 1 - Assessments of environmental factors that can be correlated to the ICF classification

Study Assessment tools

Environmental factors assessed

Corresponding ICF envi-
ronmental factors

Dudek et al., 2008 Patient Activity Monitor

Digi-Walker pedometer

Home environment e155

Hafner and Smith, Amputee Mobility Predictor

Walking, up and down stairs, and

e115, 150, e155

2009
Prosthesis Evaluation

assistive devices for walking
Prosthetic use in close spaces, stairs,

e115, e150, e155, €355, €410,

Questionnaire hills, sidewalks, streets, slippery €420, e445
surfaces;
Perceptions of strangers, friends,
partners, and family members’
reactions
36-Item Short Form Healthy None -
Survey
Hill Assessment Index Hill walking e150, e155
Stair Assessment Index Stair walking €150, e155
Obstacle course Uneven terrain e150, e155
Attention demands None -
Gates et al., 2012 Three-dimensional kinematic Destabilizing rock surface e150, e155

gait evaluation

Our search returned 3 eligible studies. The first
compared the accuracy of 2 methods to assess step
count and ambulation distance (18). The second
study evaluated differences in function and safety
in persons with transfemoral amputations that were
using passive mechanically-controlled prosthetics or
active microprocessor-controlled prosthetics over
extend periods of time (19). The third study quanti-
fied gate adaptations in transtibial amputees when
walking on a destabilized rock surface (20). We found
that few assessments in these studies considered the
environmental factors defined by the ICF.

One of the assessments used in the 3 studies was
the Amputee Mobility Predictor (AMP). The AMP was
designed as a clinical tool to assess an amputee’s mo-
bility and for assessing existing and potential func-
tional ambulation for lower limb amputees. It can be
used before and after fitting of prosthetic limbs. It
consists of 21 items, spread across 6 domains: sitting
balance, transfer, standing balance, walking, moving
up and down stairs, and the use of devices to assist

walking (21). The first 18 items of the AMP consid-
er activities and participation described by the ICE
because they assess body positions, transfers, daily
activities, and gait. Items 19 and 20 consider walking
with obstacles and stairs, which pertain to the ICF
categories e150 (design, construction and building
products, and technology of buildings for public use)
and e155 (design, construction and building prod-
ucts, and technology of buildings for private use).
Item 21 considers the use of devices to assist walking,
which pertains to the ICF category e115 (products
and technology for personal use in daily living).
The Prosthesis Evaluation Questionnaire (PEQ) is
a specific tool to assess quality of life and is composed
of multiple questions in 7 groups: the prosthesis,
bodily sensations, the social and emotional aspects
of using a prosthesis, mobility, satisfaction with par-
ticular situations, daily activities, and importance of
the prosthesis (22). All questions pertain to the ICF
category e115 (products and technology for personal
use in daily living). The questions about social and
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emotional aspects pertain to categories e410 (indi-
vidual attitudes of immediate family members), e420
(individual attitudes of friends), and e445 (individual
attitudes of strangers). The questions regarding mo-
bility pertain to the ICF categories e150 (design, con-
struction and building products, and technology of
buildings for public use) and e155 (design, construc-
tion and building products, and technology of build-
ings for private use). The satisfaction with particular
situations pertains to e355 (health professionals).

The 36-Item Short Form Healthy Survey (SF-36)
consists of 8 scales that collectively assess physical
and mental health. The measures of physical health
are physical functioning, physical role functioning,
bodily pain, and general health perceptions. The
mental health scales assess vitality, social function-
ing, emotional role functioning, and general mental
health. Although the SF-36 considers quality of life
with respect to health, it does not include any of the
environmental factors considered by the ICF, and
therefore it does not make comprehensive assess-
ments of function in the manner advocated by the
ICF. This fact has been demonstrated by a study that
correlated the SF-36 to the ICF (23).

The Hill Assessment Index (HAI) rates function
on inclines and measures walking speed and step
length on a 199, 94-foot-long paved sidewalk. The
Stair Assessment Index (SAI) assesses function on
stairs. Both tests assess gait quality by observing the
subject’s use of a handrail (or other assistive device)
and foot placement. It also evaluates subjects walking
down inclined surfaces and down stairs (24). The HAI
can be correlated with the ICF categories €150 (de-
sign, construction and building products, and tech-
nology of buildings for public use) or e155 (design,
construction and building products, and technology
of buildings for private use). The SAI can be related
with the same HAI categories.

A three-dimensional kinematic gait evaluation
(20) was also performed. Measurements of step count
and ambulation distance were also made with Patient
Activity Monitors (PAM) and Yamax Digi-Walker pe-
dometers (18). For this evaluation, subjects walked
across level ground and over a destabilized rock
surface at 4 controlled speeds and were imaged by
a 20-camera infrared motion capture system (20).
We correlated the destabilizing rock surface with
the ICF categories €150 (design, construction and
building products, and technology of buildings for
public use) and e1l55 (design, construction and

building products, and technology of buildings for
private use). To compare the accuracy of the PAM
and the pedometer, the walking test simulated out-
door walking on even terrain without environmental
barriers. Subjects also simulate household activities.
They started from a seated position in a bed, stood
up, and walked to a bathroom sink. The subject then
walked from the bathroom into a kitchen, then into
a dining room, and returned to the kitchen. In each
room, subjects simulated daily activities (18). The
environmental factors were the home environment
and furniture which correspond to the ICF category
e155 (design, construction and building products,
and technology of buildings for private use).

The ability to negotiate uneven terrain was eval-
uated by measuring walking speed on a 244-foot
outdoor obstacle course that included grass, wood
chips, sand, a cement ramp, and cement stairs. In
addition ambulation with an attentional demand was
measured by mean speed and accuracy on a verbal
reverse-numbers test as subjects walked 2 sides of a
busy city block while simultaneously responding to
test questions (19).

In situations like navigating stairs (21, 22, 24), un-
even terrain (19, 20, 22) and furniture and the home
environment (18, 22), it was possible to use the third-
level ICF classifications e1508 (design, construction
and building products, and technology of buildings
for public use, other specified) or e1558 (design, con-
struction and building products, and technology of
buildings for private use, other specified) to account
for environmental factors. Neither of these categories
were used because the third standard in the sequence
proposed by Cieza et al. (17) recommended against
the use of the “other specified” ICF category identified
by a terminal “8” in the code.

In this study, we identified 7 (9.45%) of the 74 two-
level ICF categories that were measured in included
studies. The highest frequency of the ICF environmen-
tal factors that could be associated with the methods
to assess gait following a lower limb amputation fall
under the chapter 1 classification (products and tech-
nology). The higher frequency of measurements from
chapter 1 could be due to the emphasis on products
and technologies in rehabilitation, since most of these
measurements were developed to assess rehabilita-
tion. Similar results were also reported by Reinhardt et
al. (25) and Alvarelhdo etal. (11). Advanced technology
benefits less mobile subjects, enabling them to achieve
higher levels of activity.
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Factors outlined in chapters 2 (natural environ-
ment and human-made changes to environment) and
5 (services, systems and policies) were not consid-
ered in the included studies. This is alarming and rais-
es attention to the fact that assessment of amputees
should be multidisciplinary and comprehensive and
these studies fail to consider pertinent environmental
factors, aside from products and technology, which
can influence the quality of life for patients.

There was heterogeneity in the assessments.
Assessments did not use uniform methodologies and
they employed a combination of questionnaires, an-
thropometric measurements, functional tests, and
kinetic and kinematic ratings. The heterogeneity
between methodologies could reflect the complex-
ity of evaluating environmental factors. The reason
that specific tests do not assess ICF environmental
factors could be due to the relative novelty of ICF
classifications, a fact noted in previous research (26,
27). However, to enhance the feasibility of its use, the
core sets project began to be developed, and its goal
being to establish a tailored selection of categories to
represent the standards of specific groups for multi-
disciplinary approach (28), and a core set for people
with amputations is being developed (29, 30).

Alimitation of this study may be the search terms.
They are comprehensive and may not specifically
identify all studies integrating ICF environmental
factors. It is also possible that other studies assess-
ing gaitamputees did consider environmental factors,
but do not use the keywords our study searched for,
and thus were not discovered.

Conclusions

According to our search, evaluation of amputees
frequently fails to consider the influence of environ-
mental factors in gait assessment after lower limb
amputation should consider them to fully understand
the complex changes in gait following amputation.
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