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Bicycling participation in people with a
lower limb amputation: a scoping review
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Abstract

Background: To review literature on bicycling participation, as well as facilitators and barriers for bicycling in
people with a lower limb amputation (LLA).

Methods: Peer-reviewed, primary, full text, studies about bicycling in people with a LLA from midfoot level to
hemipelvectomy were searched in Pubmed, Embase, Cinahl, Cochrane library, and Sportdiscus. No language
or publication date restrictions were applied. Included full-text studies were assessed for methodological
quality using the Effective Public Health Practice Project tool. Data were extracted, synthesized and reported
following Preferred Reporting Items for Systematic Review.

Results: In total, 3144 papers were identified and 14 studies were included. The methodological quality of 13
studies was weak and 1 was moderate. Bicycling participation ranged from 4 to 48%. A shorter time span
after LLA and a distal amputation were associated with a higher bicycling participation rate particularly for
transportation. In people with a transtibial amputation, a correct prosthetic foot or crank length can reduce
pedalling asymmetry during high-intensity bicycling. People with limitations in knee range of motion or skin
abrasion can use a hinged crank arm or a low profile prosthetic socket respectively.

Conclusion: People with a LLA bicycled for transportation, recreation, sport and physical activity. Adaptation
of prosthetic socket, pylon and foot as well as bicycle crank can affect pedalling work and force, range of
motion, and aerodynamic drag. Because the suggestions from this review were drawn from evidences mostly
associated to competition, prosthetists should carefully adapt the existing knowledge to clients who are recreational
bicyclists.
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Background
In general bicycling has a number of physiological [1–4]
and psychosocial benefits [5, 6]. Bicycling can, for in-
stance, lower the risk of non-communicable diseases
such as cardiovascular disease [1–3] and type 2 diabetes
[7, 8]. Bicycling is thought to improve quality of life [9,
10]. People with a lower limb amputation (LLA) can also
experience these benefits [9–11]. In addition, an increase
in muscle strength of the intact and amputated limb as a
result of regular bicycling [12] resulting in better walking

[13, 14]. It is for the above mentioned reasons that en-
hancing the ability to perform physical activity (PA) such
as bicycling for people with a LLA is important.
Bicycling is a low-impact activity as most of the body

weight is supported by the bicycle’s seat, and conse-
quently relieving the load on the residual limb in people
with a LLA. But bicycling requires more degrees of
flexion at the hip, knee and ankle than walking [15, 16]
which could be limited by designs and functions of pros-
thetic components. Some reviews have been performed
to gain information on barriers and facilitators in PA or
sports participation in the group of physically disabled
persons and people with a LLA, but not focusing on bi-
cycling [17, 18]. One review provided a way to adapt
prostheses and bicycles for bicyclists with a transtibial
amputation (TTA), however, no information for other
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levels of LLA nor were participation rates reported [19].
Another review on bicycling for different amputation
levels of lower and upper limbs included studies without
people with a LLA and included studies with people cyc-
ling on ergometers [20]. These inclusions limit clinical
relevance of outcomes of that review [20].
Assessment of bicycling participation, and associated

facilitators and barriers can identify the needs of people
with a LLA. That insight can assist clinicians and re-
searchers to design interventions that meet with the cli-
ents’ goals and perspective and therefore may improve
the participation in bicycling. Since bicycling has bene-
fits, but information on participation in people with a
LLA is lacking, the aim of this scoping review is to in-
vestigate and summarize bicycling participation rates in
people with a LLA. The prevalence, frequency, duration
and reasons for bicycling were identified. The second
aim is to evaluate facilitators and barriers for bicycling
in LLA.

Methods
Searches
Studies were searched in Pubmed, Embase, Cinahl,
Cochrane library and Sportdiscus using a combination of
Mesh terms and free texts. Part one of the search terms
included MeSH terms and free texts relating to “amputee”,
“amputation” and “prosthesis” and part two included
terms related to “bicycling” or “sport”. Both parts were
combined using “AND”. The search strategies were
initiated by information specialist (librarian) with exten-
sive expertise in systematic review searching. No time and
language restrictions were applied. Last search date was
March 22, 2018. This review follows Preferred Reporting
items for Systematic Reviews and Meta-Analyses (PRISMA)
[21]. In line with PRISMA full electronic search strategies
of five databases was presented (Additional file 1).

Participants
To be included, papers had to be about bicycling in
people with a LLA either with or without a prosthesis,
the minimum number of participants was one and the
participants had to be human. At least one participant
had to have a LLA from or proximal to midfoot level,
but not above the hemipelvectomy level. Studies includ-
ing multiple disabilities were only included when results
for people with a LLA were reported separately. Papers
were excluded if the participants use endoprostheses or
implant devices.

Types of studies to be included
All types of study designs which are a peer reviewed pri-
mary research and published as a full-text paper were in-
cluded. Reviews, books, notes, letters to editors, expert

opinions, conference abstracts or proceedings were
excluded.

Facilitators and barriers for bicycling
Factors influencing bicycling participation were classified
into personal and environmental factors [22]. Any per-
sonal and environmental factors associated with bicyc-
ling were eligible. The personal and environmental
factors associated with bicycling for all purposes were
evaluated. The environmental factors make up physical,
attitudinal and social environment in which people live
such as prosthetic or assistive devices availability and ac-
cess, infrastructure or policy [22]. The personal factors
represent internal influences on functioning particular to
the individual such as gender, motivation, self-efficacy,
health status, or age [22]. Positive influences that help,
motivate, or increase bicycling participation were con-
sidered facilitators. Negative influences that prevent,
limit, or reduce bicycling were considered barriers.

Primary outcome(s)
1. Bicycling participation (prevalence, frequency, and
duration) which must be performed by a person with a
LLA on a bicycle, not being an ergometer.

Data extraction (selection and coding)
Two reviewers pilot tested assessments before each
step of the review on papers not included in the
review. Inter-rater agreement for titles and abstracts,
and full text assessments were calculated using
Cohen’s kappa (k).

k ¼ Po−Pe
1−Pe

P0 is the relative observed agreement between two re-
viewers, and Pe is the probability of chance agreement.
K = 0 means there is no agreement, while K = 1 repre-
sents complete agreement between two reviewers. Low
Cohen’s kappa (k ≤0.40) represents poor agreement
between reviewers. Reviewers, in this case, may interpret
and understand selection criteria differently. Two
reviewers (JP& JHBG) assessed the titles and abstracts
independently. Papers were selected for full text assess-
ment if there was a part of the title or abstract referring
to people with a LLA and bicycling or PA, sport, exer-
cise, or training. Papers were excluded if titles or ab-
stracts mentioned a specified PA that was not bicycling
such as running, jogging, or walking. Only papers that
were excluded by both reviewers did not proceed to the
full-text assessment (reviewers were JP& JMH). The ref-
erence lists of included studies and of relevant reviews
were assessed similarly on title and abstract and full text.
Disagreement between reviewers in the full-text assess-
ment was discussed until consensus was reached. If no
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consensus could be reached, a third reviewer gave a
binding verdict (RD). Data was extracted by 2 reviewers
(JP&PD) using a data extraction form developed for this
study (Additional file 2).

Risk of bias (quality) assessment
The quality of included studies was evaluated using
the EPHPP (Effective Public Health Practice Project)
tool. EPHPP tool was chosen due to the ability to as-
sess the methodological quality of a range of study
types regarding content validity and reliability [23–
25]. Two reviewers (JP&RD) pilot tested the tool with
excluded studies before assessing included studies. All
studies were rated as strong, moderate or weak based
on the rating of selection bias, study design, con-
founders, blinding, data collection method, and with-
drawals and dropouts.

Strategy for data synthesis
Characteristics of included studies (study design, year of
publication, study country), participant characteristics,
amputation level, cause of amputation, outcome meas-
ure, findings related to factors associated with bicycling,
percentage of participants riding the bicycle, and bicyc-
ling frequency and duration were reported according to
PRISMA [21] and presented in the summary of findings
table. Meta-analysis was not performed since the in-
cluded studies were heterogeneous with regard to study
populations, intervention, measure, and outcomes.

Results
Selected studies
After deduplication, 2904 titles and abstracts were
screened of which 56 studies were included for the
full-text screening (Cohen’s kappa = 0.761). Fourteen
studies met the inclusion criteria [26–39] (Cohen’s
kappa = 0.657) and were included for the quality as-
sessment and data extraction (Fig. 1). One study was
excluded because the study used mathematical
model, so no participant in the study [40]. Seven ar-
ticles were excluded because they were not primary
research [41–47]. The other excluded studies were
not about bicycling [48–75]. Full texts of 4 add-
itional studies from the references of previous re-
views and included studies were screened [26, 27,
76, 77]. Three of them passed to the full-text selec-
tion [26, 27, 76], two of which were about bicycling
and therefore included for quality assessment and
data extraction [26, 27].
Quantitative data relating to bicycling was not an in-

clusion criterion during titles and abstracts, and full text
assessment. However, for data extraction, three studies
were excluded due to the lack of quantitative data [78]
and lack of separate reporting of information of people

with a LLA [57, 79]. Sports popularity ranking was re-
ported but not the number of people who took part in bi-
cycling [78]. Participants of one study were grouped
according to Para-cycling classification (C1-C5) which not
only includes people with a LLA, but other types of im-
pairments as well, such as hemiplegia, upper limb ampu-
tation, ataxia and spinal cord injury [79]. In addition, a
study classified participants as physically challenged ath-
letes including people with cerebral palsy, upper limb am-
putation, LLA and wheelchair users in which the people
with a LLA could also be the wheelchair users [57]. Fi-
nally, a technical note about how to design a prosthetic
shank was excluded due to a lack of quantitative data [80].

The study design and quality
In total, 7 cross-sectional [27, 32–37], 4 case reports [26,
30, 38, 39], 2 cross-over trials [28, 29], and a cohort
study [31] were included, investigating 1 to 780 of
people with a LLA (Table 1). The majority of studies re-
cruited participants from one source which was labora-
tory [26, 28, 29, 38, 39] or clinic/center [27, 32, 33, 37].
One study analyzed results of 2 Paralympic Games, and
5 World Championships [31]. Eleven studies had weak
study design [26, 27, 30, 32–39]. Moderate and strong
design were given to a cohort [31] and 2 cross-over trials
respectively [28, 29]. Twelve studies did not report how
possible confounders were controlled for and did not re-
port reliability and validity of outcome measures [26–29,
32–39]. Six studies that reported the percentage of par-
ticipants at data collection more than 80% were rated
strong regarding the EPHPP for drop-outs. Following
the guidelines of the EPHPP [81], all studies except one
had an overall rating of weak.

Bicycling participation - prevalence, frequency, duration
Information about bicycling participation and purposes
were extracted from 7 surveys published between 1984
and 2014 and included 58–780 participants. The partici-
pants varied in age and were mostly male (62–98%)
(Table 2). For transportation, 29 and 48% of people with
a LLA bicycled in Slovenia and India, respectively [27,
33]. In the United States 12–48%% of people with a LLA
bicycled for recreation or PA, in Slovenia this was 11%,
and in the Netherlands 4–6% for sport [32, 34–37](Fig. 2
and Table 2). No reports of frequency and duration
found from the included studies.

Bicycling facilitators and barriers
Table 2 presents factors associating to bicycling, bicyc-
ling purposes, and levels of amputation.

Transportation
Age, time since the LLA, and level of LLA were
associated to bicycling participation [33]. People with
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LLA who bicycled were younger than who stopped bi-
cycling [33]. People with longer period after LLA
stopped bicycling more than the people with shorter
period after LLA [33]. People with a TTA traveled by

bicycling more than people with a transfemoral amputa-
tion (TFA) [27, 33]. Half of Indian participants stopped
traveling by bicycle after LLA while a few percent of par-
ticipants never knew how to cycle [27].

Fig. 1 Flow diagram of studies inclusion and exclusion
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PA/ recreation/ sport
Having LLA and LLA level influenced bicycling for re-
creation. After LLA, people changed their recreational
activities. Bicycling was the most popular activity before
LLA, but the tenth after LLA [32]. The number of
people with a TTA who bicycled was equal to TFA [34].

Competition
Three studies reported bicycling biomechanics in people
with a TTA and the influence of adaptation of the pros-
thesis or the bicycle [26, 28, 29]. Pedaling work and force
produced by the prosthetic and sound side were not the
same, where the sound side contributed significantly more
force [26, 29] and more work [28, 29] than the amputated
side [26, 28, 29]. Pedaling asymmetry was also presented
in able-bodied people, but to a smaller extent than in the
people with a LLA [29]. When two prosthetic feet were
compared, the aluminum or STIFF foot reduced work
asymmetry more during high-intensity bicycling than the
flexible carbon fiber dynamic response or FLEX-foot [29].
In low intensity, the FLEX and STIFF feet did not differ
significantly in work asymmetry [29]. Furthermore, the ra-
tio of forces orthogonal to the crank and the resultant
force applied to the pedal which is called force effective-
ness ratio were compared between the groups of
able-bodied and people with a TTA. Pedaling force effect-
iveness ratio was not affected by the TTA or the applied
prosthetic feet since the participants were able to

compensate and achieve the overall force effectiveness by
using their sound side [28].
The length of a crank arm also influenced hip and

knee kinematics [26]. Shortening the crank arm reduced
asymmetry in hip and knee angles between both limbs,
and moreover, reduced the higher muscles activity in the
prosthetic side [26]. In individuals with limited knee
range, a hinged crank arm enabled the person to bicycle
using also the affected side. The crank arm was cut and
reattached with the hinge at an appropriate level [38].
Design of socket was found to be associated with skin
abrasion in high intensity bicycling. To prevent the abra-
sion, a conventional prosthesis socket made of a leather
thigh cuff was replaced by a socket-less prosthesis [39].
The shape of the pylon was associated with aerodynamic
drag, however, the measures performed during the tests
did not show significant differences of the aero foil
shaped pylon compared to the round shaped pylon [30,
31]. Analysis of data from C4 bicyclists competing in the
Paralympic Games and World Championships revealed
no advantages of use of prostheses, in relation to those
participants who did not use prostheses [31].

Discussion
Health benefits from bicycling are apparent and bicyc-
ling serves as an alternative to other modes of transpor-
tation and exercise for LLA. After all, unlike running,
skiing or golfing, recreational bicycling requires very lit-
tle modifications to the people with a LLA to participate.

Table 1 Quality of the included studies, based on the Effective Public Health Practice Project Tool

Ref Selection Bias Study Design Confounders Blinding Data Collection Drop-Outs Global Rating

Narang et al. (1984) [27] 0 – – 0 – + –

Burger et al. (1997) [32] 0 – – 0 – 0 –

Burger et al. (1997) [33] – – – 0 – – –

Mead(2005) [38] – - – 0 – + –

Kars et al. (2009) [36] – – – 0 – – –

Childers et al. (2011) [28] – + – 0 – + –

Childers et al. (2011) [29] – + – 0 – + –

Sprunger et al. (2012) [37] – – – 0 – – –

Bragaru et al. (2013) [35] – – – 0 – – –

Koutny et al. (2013) [26] – – – 0 – + –

Littman et al. (2014) [34] + – – 0 – – –

Scheepers (2015) [39] – – – 0 – + –

Dyer and Woolley (2017) [30] – – + – + + –

Dyer (2017) [31] + 0 + 0 + – 0

Totals

weak(%) 10(71.4%) 11(79%) 12(86%) 12(86%) 12(86%) 6(43%) 13(93%)

moderate(%) 2(14.3%) 1(7%) 0 0 0 1(7%) 1(7%)

strong(%) 2(14.3%) 2(14%) 2(14%) 2(14%) 2(14%) 7(50%) 0

“Ref”: reference, “+”: strong, “0”: moderate, “-”: weak. The total at the bottom of Table 1 represents how weak, moderate and strong each criterion is
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Bicycling should remain an integral component of re-
habilitation and the return to recreation and vocation
[82]. Bicycling participation ranged from 4 to 48%. Two
studies done in the same country reported considerable
differences within a country [34, 37]. People with a LLA
bicycled for reasons of transportation, recreation, sport
and physical activity [27, 32–37]. Data about frequency
and duration of bicycling were not found from the in-
cluded studies. Since most studies aimed to determine
changes of lifestyle or activities after LLA, intensity, dur-
ation and frequency of PA were reported for the big pic-
ture of attended activities but not specifically for
bicycling [34, 37].
In this study, we assumed that the studies are about bi-

cycling outdoor if it was not specified in studies [32, 34–
37]. There is one study that the term bicycling referred to
both indoor and outdoor bicycling [34]. When participa-
tion rate was reported, two studies reported sport partici-
pation if a minimum duration of half an hour for each
participation [36] or total of 5 hours participation a month
[35] was met. Whereas, in 5 studies, duration was no con-
cern as long as the people with a LLA reported riding the
bicycle [27, 32–34, 37]. Consequently, the participation
rates should be interpreted with caution. Definitions of bi-
cycling participation should be reported in future studies.
The majority of participants in the included studies were

males with a TTA or TFA. Males with a TTA were re-
ported to participate in the bicycling the most. The overall
gender distribution of people with a LLA is about 50%
male and female [83]. Therefore, including considerably

more than 50% of male participants or veterans in studies
[34, 37] may not represent the general population of
people with a LLA. Although male, distal level of amputa-
tion and amputation due to trauma may associate to
higher level of bicycling participation, the results of this
review may not reflect the interest and purpose of bicyc-
ling of general populations with a LLA.
Bicycling was chosen as a form of transportation in

Slovenia besides using cars and public transportations
and was related to the level of independence [33]. A
study from India investigated the functional capabilities
of people after LLA and only included essential activities
for daily living, vocational activities, and living arrange-
ments in which bicycling was surveyed. It was demon-
strated that bicycling was an important mode of
transportation for civilians in India [27]. Both studies
were done some decades ago; however, the recent stud-
ies did not show a difference in favor of other transpor-
tation modes in India especially in the group of
low-income people [84, 85]. Socioeconomic status such
as income or occupation may influence traveling by bi-
cycling. A small number of participants could not ride
the bicycle even before the amputation [27]. Knowledge
or skill may facilitate bicycling participation. Two studies
showed older age and longer time span after amputation
[33] and level of LLA [27, 33] related to the reduce or
stop traveling by bicycling. A change in lifestyle after the
LLA was also reported in which bicycling became less
popular after the LLA [29]. Disability, health, lack of en-
ergy and fatigue were personal barriers which were

Fig. 2 Percentages of people with a LLA bicycling for recreation and transportation in four countries. PF partial foot, TT transtibial, TF transfemoral,
Bilat bilateral. *The level of amputation in the bilateral group was not reported in the study
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reported in a previous review of sports barriers and facil-
itators in adults with different types of physical disabil-
ities [17]. It is possible that older people or a more
proximal level of LLA may have more disabilities, health
problems, less energy or more likely to be fatigue during
bicycling. In contrast, for recreational bicycling, an equal
number of veterans with a TFA and TTA was reported
[34]. The relationship between amputation level and
cause, these barriers and bicycling participation should
be further studied.
Factors influencing competitive or high intensity bi-

cycling were done in specific groups of bicyclists-
TTA or Van Nes rotationplasty. Most studies investi-
gated a small group of participants, mainly male, and
having different bicycling experience [26, 28–30, 38,
39]. Only one study utilizing data of more than 8 par-
ticipants (N = 41); however, the same participants
were analyzed more than once [31].
For bicyclists with a TTA, the focus of research was

towards asymmetry in force and work between sound
and amputated side and ways to reduce this asymmetry
for better performance [26, 28, 29]. Clinically, a STIFF
foot reduced the pedaling work asymmetry in
high-intensity or competitive bicycling [29] but not in
recreational bicycling. In low-difficulty bicycling, no sig-
nificant difference were found between the STIFF and
the Flex foot suggesting a walking prosthetic foot may
be adequate for recreational bicycling [29]. A pylon with
an aerofoil shape caused less aerodynamic drag than the
round shape [30]. On the one hand, a prosthetic foot
and pylon influenced high intensity bicycling. On the
other hand, while comparing between prosthetic and
non-prosthetic bicyclists, there were no significant bene-
fits reported from the prosthesis to the athletes [31]. Be-
sides the kinetic asymmetry, there were hip and knee
kinematic asymmetries which were reduced by short-
ening of the crank arm length on the amputated side
[26]. The shortened crank arm also reduced the mus-
cles activity on the amputated side [26]. Although the
shortened crank arm improved the asymmetry in the
person with a TTA in a case report [26], the same
shortening may not give the same effects to other
people with a TTA.
For a person with Van Nes rotationplasty, the socket

design of walking prosthesis was a bicycling barrier be-
cause it caused skin abrasion [39]. Adding a hinge to the
crank arm enabled a person with Van Nes rotationplasty
with limited knee range of motion to bicycle [38]. Adap-
tation of the socket and crank arm might also facilitate
bicycling in people with other types of LLA who have
skin abrasions or limited knee ranges. The biomechan-
ical effects from the prosthetic feet and crank arm short-
ening [26, 28, 29, 38] were also reported in a previous
review of cycling with an amputation [20]. That review

focused on upper and lower limb amputee biomechan-
ics, physiology, and assistive technology development
and extracted data from expert opinions, reviews, and
primary researches from 2004 to 2014 [20]. Articles
without any participants and studies using ergometers
were included [20], while the current review included
only primary research of at least one human with LLA
riding a normal bicycle from all publication years.
Therefore, the objectives, methods and results of the
previous review differ from the current review.
The personal factors for transportation by bicycling

were age, time since LLA, and level of amputation. The
prosthetic socket design can either be an environment
facilitator or barrier for high-intensity bicycling. The
STIFF foot and crank arm shortening were environmen-
tal facilitators for high-intensity bicycling. For people
with a knee flexion limitation, the limitation was a per-
sonal barrier and the hinged crank arm was an environ-
ment facilitator. Other bicycling environment factors
such as weather, cycling paths, physical and emotional
support, individual and societal attitudes toward people
with a LLA, public services, systems or policies were not
reported.

Strengths and weaknesses
The search from 5 databases ensured that all medical
and sports science articles could be included in this re-
view. Eventually, only 14 studies were included showing
this topic has not been explored very extensively.
Due to the small number of included studies with vari-

ous focuses we were not fully able to answer the re-
search questions of our study. Additionally the included
studies had a high risk of bias. Though we focused more
on the regular LLA, there were two case reports of Van
Nes rotationplasty included in the review. It is under-
stood that this special technique of LLA is very rare and
the study designs were case reports, so the findings
should be considered as low level evidence. Moreover, in
the biomechanical studies in people with a TTA, the
number of participants was also low and likely to be the
same group of participants in the studies that have the
same authors [28, 29]. Subsequently, the findings of this
review may not reflect the general population of people
with a LLA.

Conclusion
Multiple purposes of use of bicycles are exhibited in this
study. After LLA, people stopped bicycle or changed
leisure activity. Age, level of LLA, and time since LLA
influenced bicycling participation. Although environ-
mental factors were limited to prosthetic socket and
pylon design, foot stiffness and bicycle’s crank arm,
arisen predominantly from small groups of bicyclists
with a TTA and Van Nes rotationplasty, and mainly
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benefit to competition, some practical advices can be
given. For instance, prosthetists may try to shorten the
crank or use stiff foot if pedaling asymmetry is present.
To supply prosthetists with sufficient additional know-
ledge in compiling an optimal prosthesis for bicycling,
more research is necessary. Efforts towards studying fa-
cilitators and barriers for bicycling in a population with
a LLA who are not athletes can benefit the general
population with a LLA [9–14]. Further investigation of
prosthetic and bicycle components in either competitive
or recreational bicycling should include more partici-
pants, thus providing strong evidence for implementa-
tions by prosthetists or sport scientists.
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