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Abstract 

Background Enhancing the quality of life of people with a lower limb amputation is critical in prosthetic develop-
ment and rehabilitation. Yet, no overview is available concerning the impact of passive, quasi-passive and active 
ankle–foot prostheses on quality of life.

Objective To systematically review the therapeutic benefits of performing daily activities with passive, quasi-passive 
and active ankle–foot prostheses in people with a lower limb amputation.

Methods We searched the Pubmed, Web of Science, Scopus and Pedro databases, and backward citations until 
November 3, 2021. Only English-written randomised controlled trials, cross-sectional, cross-over and cohort studies 
were included when the population comprised individuals with a unilateral transfemoral or transtibial amputation, 
wearing passive, quasi-passive or active ankle–foot prostheses. The intervention and outcome measures had to 
include any aspect of quality of life assessed while performing daily activities. We synthesised the participants’ charac-
teristics, type of prosthesis, intervention, outcome and main results, and conducted risk of bias assessment using the 
Cochrane risk of bias tool. This study is registered on PROSPERO, number CRD42021290189.

Results We identified 4281 records and included 34 studies in total. Results indicate that quasi-passive and active 
prostheses are favoured over passive prostheses based on biomechanical, physiological, performance and subjective 
measures in the short-term. All studies had a moderate or high risk of bias.

Conclusion Compared to passive ankle–foot prostheses, quasi-passive and active prostheses significantly enhance 
the quality of life. Future research should investigate the long-term therapeutic benefits of prosthetics devices.

Keywords Lower limb, Amputation, Quality of life, Health, Prosthesis, Biomechanics, Physiology, Performance, 
Psychology

Introduction
Lower limb loss is detrimental for physical function and 
psychosocial health, harming an individual’s quality of life 
[1, 2]. After lower limb loss, assistive devices are a funda-
mental part of rehabilitation with the aim to restore daily 
activities and improve quality of life [3–5]. A prosthesis 
is generally favoured among assistive devices as it ena-
bles one to carry out daily activities as naturally as pos-
sible [4, 6, 7]. It additionally helps to enhance self-esteem 
as it ensures that people diverge as little as possible from 
the physical appearance of able-bodied individuals [8]. 
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Conversely, prostheses may cause falls and secondary 
injuries, including low back pain and osteoarthritis of the 
healthy knee and hip, entailing high medical costs and 
diminishing quality of life [9–13].

Lower limb prostheses also complicate the perfor-
mance of daily activities. This performance is affected 
by several factors, including the type of prosthesis, pros-
thetic embodiment, the level and cause of the amputa-
tion, degree of mobility and presence of comorbidities 
[14, 15]. These factors complicate tasks such as position-
ing the foot in space, walking horizontally, going up and 
down ramps and stairs, crossing obstacles, walking on 
slippery floors and transitioning between activities [16–
18]. For instance, it has been well-established that walk-
ing with a lower limb prosthesis results in aberrations 
in gait kinetic and spatiotemporal parameters compared 
to able-bodied walking [19]. These aberrations can be 
attributed to the loss of sensory feedback and the inabil-
ity of the prosthetic device to mimic the normal muscular 
function [19, 20]. As a result, bilateral proximal muscle 
compensations, increased metabolic cost and secondary 
injuries (e.g. low back pain, arthritis of the sound knee, 
bilateral hip osteoarthritis, reduced hip bone density of 
the amputated limb and muscle atrophy) occur [21–26]. 
Furthermore, people with a lower limb amputation con-
comitantly show increased structural and functional 
changes occurring in the brain after an amputation and 
exhibit a decrease in static and dynamic balance. These 
unfavourable changes culminate in an increased risk 
of falling, which leads to reduced quality of life [9, 10, 
27, 28]. Besides the physical and biomechanical conse-
quences, the psychosocial impact is equally important 
and keeps fluctuating throughout the years following 
amputation [29]. For example, an individual’s functional 
status has a strong positive influence on overall satisfac-
tion and thus on the quality of life, while the emotional 
state (i.e., depression and anxiety), body image distur-
bances, and high pain levels have a negative influence 
[29, 30]. All these adaptations emphasise the necessity 
for both short- and long-term research into the effect of 
ankle–foot prosthetic technological innovations on qual-
ity of life.

The current evolution in prosthetic development is 
shifting from developing passive prostheses to quasi-pas-
sive and active prostheses in order to minimise prosthetic 
related adverse events affecting quality of life [31–36]. 
This critical aspect of lower limb prosthetic development 

and rehabilitation might be achieved by restoring the 
quality of life by increasing mobility, improving psycho-
sociological negative implications following amputation, 
and alleviating gait compensations during daily activities 
as well as better mimicking able-bodied motions [3, 15, 
37, 38].

Therapeutic benefits for people with lower limb ampu-
tation might thus arise from technological innovations 
that could improve their quality of life [31–36]. Never-
theless, quality of life is an inherently intricate concept, 
and there seems to be no consensus on a single definition 
constituting quality of life [39]. There is, however, agree-
ment on its multidimensionality and subjectivity, cover-
ing health (i.e., physical, social, mental and emotional 
functioning) and individuals’ perceptions such as pain, 
relationships and life satisfaction [39, 40]. Differences in 
quality of life can be investigated through objective (e.g. 
performance, biomechanical, physiological) and subjec-
tive measurements (e.g. psychosocial) in this population 
[41–43]. Though, no insight is available concerning the 
impact of passive, quasi-passive and active ankle–foot 
prostheses on the different dimensions of quality of life. 
Therefore, the purpose of this study was to systemati-
cally review the therapeutic benefits of performing daily 
activities with passive, quasi-passive and active ankle–
foot prostheses in people with a unilateral lower limb 
amputation.

Methods
Search strategy
The review protocol has been registered in Prospero 
under CRD42021290189. This systematic review has 
been reported in compliance with the PRISMA 2020 
statement, the PRESS guideline and the PERSiST con-
sensus statement [44–46]. A systematic search strategy 
through four electronic databases (i.e., PubMed, Web 
of Science, Scopus, and Pedro) was conducted using the 
PICO acronym (population, intervention, comparison, 
outcome) on November 3, 2021, followed by a backward 
reference search. We have not sought and browsed addi-
tional data from study registers or other online sources.

Search string
Table  1 provides the search string used across all data-
bases combining the intended population, intervention, 
and outcome through the Boolean operator “AND”. The 
search string has been created by one author (EL) and 

Table 1 Search string

(“Transfemoral amput*” OR “Transtibial amput*” OR “lower limb amput*” OR “limb loss”) AND (“quality of life” OR “psych*” OR “biomech*” OR soci*” 
OR “activities of daily living” OR “mental health” OR “health” OR “physiol*”) AND (“active prosth*” OR “bionic” OR “powered prosth*” OR “novel prosth*” 
OR “passive” OR “microprocess*” OR “quasi-passive” OR “foot” OR “feet” OR “knee*”) Filters: Journal Article, English, from 2000 to 2021
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reviewed by two authors (BT & KDP). We limited the 
search hits to journal articles written in English published 
later than 2000. The timeframe was chosen as research 
into the development and evaluation of lower-limb pros-
theses only started to advance rapidly in the twenty-first 
century with the introduction of quasi-passive and active 
ankle–foot prostheses [47–49].

Selection criteria
Randomised controlled trials, cross-sectional, cross-
over or cohort studies were included. Subjects had to be 
individuals with a unilateral transfemoral or a transti-
bial amputation, wearing passive, quasi-passive or active 
ankle–foot prostheses. We excluded studies on children, 
and adults with upper limb amputation, bilateral, foot or 
trans articular knee amputation. The intervention and 
outcome measures had to include any aspect of quality 
of life assessed while performing daily activities. Since we 
aimed at reviewing differences between passive, quasi-
passive and active prostheses, we chose to include only 
articles comparing different ankle–foot prostheses.

Eligibility assessment
Studies collected through the electronic databases for 
duplicate removal and eligibility were imported into 
Rayyan (https:// rayyan. qcri. org) [50]. Duplicates were 
removed using Rayyan’s duplicate identification software, 
and the remaining duplicates were removed manually. 
Two authors (EL & MAD) performed a two-stage eligi-
bility assessment. Disagreements were resolved upon 
consensus and a third author (AM) was contacted if a 
consensus could not be reached. First, screening was con-
ducted on title and abstract for language, study design, 
population, intervention, and outcome. Subsequently, the 
remaining eligible articles were screened on full text fol-
lowing the same criteria.

Data extraction
The author’s name, year of publication, study design, 
participants’ characteristics (i.e., number of partici-
pants, level of amputation, reason of amputation, gen-
der, age, weight, height, time since amputation), type of 
prosthesis, intervention, outcome and main results were 
extracted from the included studies and tabulated by one 
author (EL).

Risk of bias assessment
Risk of bias assessment was performed by two review-
ers (MAD & AM) using the “The Cochrane 2.0 risk of 
bias tool” for crossover studies [51]. Disagreement was 
resolved by consensus between the two author and a 
third author (EL) if consensus could not be reached. 
“The Cochrane 2.0 risk of bias tool” consists of eighteen 

questions to assess the randomization process (n = 5), 
the deviation from intended interventions (n = 5), the 
missing outcome data (n = 3), the measurement of the 
outcome (n = 2) and selection of the reported results 
(n = 3). Four possible answers could be given to each 
question: ‘yes’, ‘no’, ‘no information’ and ‘not applicable’. 
The risk of bias was determined by following the decision 
tree as indicated in the assessment tool and resulted in 
a low, moderate or a high risk of bias [51]. Overall low 
risk of bias across domains was indicated if the study was 
judged to have a low risk of bias over all of the individ-
ual domains. If the study raised some concern in at least 
one domain but did not present a high risk of bias in any 
domain, it resulted in an overall moderate risk of bias. 
If one of the domains had a high risk of bias, by default 
this resulted in an overall high risk of bias for all domains 
[51].

Results
Study selection
The search yielded 1352 records through PubMed, 1177 
through Web of Science, 1656 through Scopus and 97 
through Pedro. After screening, 34 studies remained and 
were included in this systematic review. The results of the 
selection process are illustrated in Fig. 1.

Study design and quality assessment
Seventeen studies had a cross-sectional study design 
[52–68], and 17 had a cross-over design [69–85]. Cross-
sectional studies implemented a within-study design. 
This made them identical to those with a crossover 
design except for the order in which the devices were 
evaluated. Therefore, we reported the risk of bias using 
the same tool for all studies.

The risk of bias assessment revealed an overall high risk 
of bias. When we investigated the questions on which the 
scores were weak, we observed shortcomings in describ-
ing the randomization process and reporting deviation 
from the intended intervention resulting in a high risk of 
bias. Additionally, we identified minor issues in report-
ing outcome measurements, entailing a moderate risk of 
bias. At last, we rated bias due to missing data or report-
ing a selection of the results as low. Figure 2 details the 
individual risk of bias per study, and Fig. 3 visualizes the 
overall risk of bias.

Study characteristics
Table 2 presents a summary of the study characteristics. 
Comparison between passive ankle–foot prostheses was 
most frequently conducted (47%, n = 16) [54, 59–64, 
68–71, 73, 80, 81, 84, 85]. Within this category, 14 arti-
cles included people with a transtibial amputation, 3 
included people with a transfemoral amputation (88% 

https://rayyan.qcri.org
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[54, 61–64, 68–71, 73, 80, 81, 84, 85] and 19% [59, 60, 73], 
respectively), and the mean sample size totalled 13. Ten 
articles compared quasi-passive with passive prostheses 
(29%, n = 10) [53, 66, 67, 72, 74–76, 82, 83, 86]. All arti-
cles included people with a transtibial amputation (100%, 
n = 10 [53, 66, 67, 72, 74–76, 82, 83, 86]), and only three 
included people with a transfemoral amputation (30%, 
n = 3 [74–76]). The mean sample size equalled 9. The 
remaining studies compared active with passive prosthe-
ses in people with a transtibial amputation (24%, n = 8) 
with a mean sample size of 9 [52, 55–58, 65, 77, 79].

The prosthetic evaluation was mainly conducted 
through level walking tasks. Within the cluster of stud-
ies comparing passive prostheses, level walking tasks 
amounted to 63% (n = 10) [54, 61–64, 68, 73, 81, 84, 85]. 
Among those comparing passive to quasi-passive ankle–
foot devices, the number equalled 30% (n = 3) [72, 82, 
86]. For those comparing active to passive devices, level 
walking was assessed in 63% (n = 5) [52, 55–57, 79]. Less 

frequent tasks included treadmill level walking (19%, 
n = 3 [60, 71, 80]; 30%, n = 3 [74–76] and 13%, n = 1 [77], 
respectively), slope walking (6%, n = 1 [63]; 40%, n = 4 
[66, 67, 72, 83] and 25%, n = 2 [55, 65], respectively) and 
treadmill slope walking (6%, n = 1 [71]; 10%, n = 1 [53] 
and 0%, n = 0, respectively). Tasks that were only per-
formed to a limited extent were, within studies compar-
ing passive prostheses, standing tasks (13%, n = 2) [69, 
70], completing a walking circuit (6%, n = 1) [59] and 
climbing stairs (6%, n = 1) [63]. Within studies compar-
ing active with passive prostheses, these were walking 
over rocks and performing clinical tests assessing agil-
ity and mobility (13%, n = 1 [58] and 13%, n = 1 [57], 
respectively).

Therapeutic benefits
All studies investigated the short-term effects of perform-
ing daily activities with prosthetic ankle–foot devices, 

Fig. 1 Study selection process
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Fig. 2 Individual risk of bias per study
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and none of the studies examined long-term effects. The 
mean familiarisation time amounted to 11  days (range: 
no familiarisation–6  weeks). Biomechanical outcome 
measures were most frequently gathered. Within the 
cluster of studies comparing passive prostheses, the num-
ber of biomechanical measures amounted to 81% (n = 13) 
[59, 61, 62, 64, 68–71, 73, 80, 81, 84]. Among these, 11 
found results favouring the newly tested passive prosthe-
sis [59, 61, 62, 64, 68, 69, 71, 73, 81, 84]. Within the stud-
ies comparing passive with quasi-passive prostheses, the 
number of biomechanical measures was 60% (n = 6), and 
all reported positive results favouring the quasi-passive 
device [66, 67, 72, 76, 82, 83]. Within the studies compar-
ing active with passive prostheses, 88% (n = 7) [52, 55–58, 
65, 79] reported biomechanical outcome measures, all 
found positive effects in favour of the active device, and 1 
article also found a negative effect [55].

Within studies comparing passive prostheses, compar-
ing passive with quasi-passive prostheses, and compar-
ing active with passive prostheses, physiological outcome 
measures (25%, n = 4 [54, 60, 64, 80]; 40%, n = 4 [53, 75, 
76, 82] and 25%, n = 2 [55, 77] respectively) and perfor-
mance outcomes were less frequently investigated (69%, 
n = 11 [54, 59–61, 63, 64, 68, 73, 80, 81, 85]; 33%, n = 3 
[75, 76, 86] and 63%, n = 5 respectively [56–58, 65, 77]). 
Within the cluster of studies comparing passive prosthe-
ses, four studies reported physiological benefits [50, 52, 
55, 58], and eight studies reported benefits on the perfor-
mance of the novel passive prosthesis [54, 59, 61, 63, 64, 
73, 80, 81]. Among the studies comparing passive with 
quasi-passive prostheses, one study reported positive 
physiological effects for the quasi-passive prosthesis [53], 
one reported negative physiological effects [74], and one 
found favourable results on performance regarding the 
quasi-passive prosthesis [75]. Within the studies com-
paring active with passive prostheses, 1 study reported a 
physiological benefit [55], and two reported a benefit on 
performance with the active prosthesis [57, 58]. Lastly, 

subjective outcome measures were scarce (31%, n = 5 [54, 
59, 63, 70, 84]; 30%, n = 3 [53, 74, 86] and 25%, n = 2 [56, 
57] respectively). Three studies favoured the novel pas-
sive prosthesis within the cluster of studies comparing 
passive prostheses [54, 63, 70]. Among the studies com-
paring passive with quasi-passive prostheses, one found 
positive results [53], and mixed results for the quasi-
passive device [74]. One study favoured the active device 
within the studies comparing active with passive prosthe-
ses [57].

Discussion
The purpose of this study was to systematically review 
the therapeutic benefits of performing daily activities 
with passive, quasi-passive and active ankle–foot pros-
theses in people with a unilateral lower limb amputation. 
Remarkably, no studies investigated the long-term thera-
peutic benefits.

Figure 4 captures the short-term therapeutic benefits of 
passive, quasi-passive and active prostheses. This figure 
shows the domains in which benefits were found. It was 
not possible to provide such an overview at the outcome 
measure level due to high heterogeneity. Overall, the 
numerous outcome measures per study yielded positive 
results on biomechanical, physiological, performance-
related or subjective outcomes for the more advanced 
prostheses, implying therapeutic benefits for the individ-
uals walking with them, though all studies also identified 
no or unfavourable effects. The technological innovations 
contribute to improving the quality of life in the short-
term when people with lower limb amputation switch the 
conventional passive cushion foot for a more advanced 
prosthesis (i.e. the passive energy-storing release feet, the 
surface-adaptive quasi-passive feet, the active feet gen-
erating an external force through an actuator). However, 
comparisons between active prostheses and quasi-pas-
sive devices have not yet been conducted.

Fig. 3 Overall risk of bias
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Among the included studies, quality of life has been 
evaluated using biomechanical, physiological, perfor-
mance-related or subjective measures. The biomechani-
cal and physiological dimensions of quality of life have 
been assessed during level and slope walking in 94% of 
the included studies, while only 29% included the sub-
jective dimension. In general, gait efficiency and efficacy 
improved in parallel with technological advances, though 
gait asymmetries remained [52–62, 64–73, 75–77, 79–
84]. Further in-depth discussion of these parameters is 
not feasible due to the heterogeneity in outcome measure 
among the biomechanical and physiological parameters 
(Table  2). Nevertheless, it is the ultimate goal of pros-
thetic development to strive towards the most efficient 
gait patterns by seeking complete gait symmetry and 
matching the gait patterns as closely as possible to those 
of able-bodied individuals [37]. Furthermore, the limited 
data on the subjective dimension of quality of life revealed 
that the perceived effort and satisfaction increased in line 
with the advancement of the devices. The limited use of 
subjective measures can be attributed to the prohibitive 
cost of most active and quasi-passive devices for a subset 
of individuals. This factor might introduce a confounding 
variable in the data affecting subjective feedback. Con-
versely, these paywalls will not affect the biomechanical 
or physiological data. Nevertheless, subjective measures 
(e.g. perceived effort, satisfaction, feedback on the noise 
of motors in active prostheses) should be more promi-
nent in prosthetic evaluations, as they are crucial to 
assessing the quality of life [87].

Due to its biomechanical focus, the prosthetic evalu-
ation primarily targets aberrated movement patterns 
that can be remedied in the short term by a prosthesis 

[4, 6, 7]. However, movement patterns are orches-
trated by the intertwining between biomechanical fac-
tors and the human brain [27, 88]. This entails that the 
brain plays a vital role in the organization and perfor-
mance of human gait [88]. Magnetic resonance imag-
ing revealed that amputation causes thinning of the 
premotor cortex and visual-motor area combined with 
a decrease in white matter integrity in the premotor 
area contralateral to the amputation and at a bilateral 
connection between both premotor cortices [27]. These 
changes interfere with movement planning or coordi-
nating eye movements in relation to limbs and lead to 
decreased perception–action coupling [27]. Addition-
ally, amputation causes changes in limb representation 
in the primary motor cortex and somatosensory cortex, 
and causes decreased connectivity between many brain 
areas, including the primary motor cortex, primary 
somatosensory cortex, basal ganglia, thalamus and cer-
ebellum [27]. These changes in connectivity translate 
towards reduced motor control and balance and poten-
tially lead to falls [9, 10, 27]. Remarkably, only a single 
study examining the effect on brain functioning across 
prosthetic ankle–foot prostheses has been included in 
this review [75]. De Pauw et al. [75] explored whether 
motor-related cortical potentials differed between pas-
sive and quasi-passive prostheses during daily activi-
ties using electro-encephalography but did not detect 
any difference between both devices. The absence of 
an effect is not unexpected, considering neuroplasti-
city is a time-consuming process, and sufficient famil-
iarisation time was not provided [89–94]. Unravelling 
neuroplasticity in relation to the type of prosthesis 
may provide a new understanding of the effects of 

Fig. 4 Short-term therapeutic benefits of passive, quasi-passive and active ankle–foot prostheses in people with a unilateral transtibial and 
transfemoral amputation. The arrows indicate the effect of switching from one type of prosthesis to another. For example, switching from passive 
non-ESR to quasi-passive prostheses entails positive effects on biomechanics, performance and RPE. ESR: energy-storing and release; RPE: rating of 
perceived exertion; ?: currently unknown, to be investigated; *effect based on studies only including people with a transtibial amputation
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prostheses to improve the quality of life in people with 
a lower limb amputation.

A conceivable approach to account for the brain’s 
influence is through dual tasks, conditional on adequate 
familiarisation [95]. Dual tasks involve the concurrent 
performance of two tasks and are regarded as a meas-
urement of cognitive-motor capacity as they require 
executive function and attentional demand [95]. Their 
performance usually results in decreased mobility and 
deteriorated gait patterns leading to increment falls [96, 
97]. Out of the included articles in this review, only 1 
investigated the difference between passive and quasi-
passive prostheses during the performance of a dual-
task during treadmill walking [75]. They found that only 
in individuals with a transfemoral amputation attention 
demands (reaction times and accuracy) increased during 
walking with the quasi-passive prosthesis compared to 
the current prosthesis and able-bodied individuals [75]. 
Lack of familiarization time to habituate to the new pros-
thetic device may have influenced these results. As dis-
cussed earlier, the negative implications of performing 
dual-tasks are attributable to cognitive demands associ-
ated with prosthetic use, balance and gait disturbances, 
and brain adaptations [9, 10, 27, 95]. Combined with the 
fact that dual-tasks represent daily activities, the recom-
mendation is to include dual-task paradigms in the evalu-
ation process of prostheses [95].

The design, development and evaluation of prosthetic 
devices is an iterative process requiring high cross-
disciplinary collaboration between multiple research 
branches. This review reveals that the current empha-
sis in prosthetic evaluation has been placed on compar-
ing ankle–foot prostheses without long-term evaluation. 
Since none of the included studies investigated the long-
term benefits of comparing different ankle–foot pros-
theses, we, for example, cannot make any substantiated 
statements about the association between the onset of 
secondary injuries and the use of different types of pros-
theses solely based on studies conducted at a single point 
in time. Furthermore, it should be emphasized that the 
included studies mainly involved people with a transtibial 
amputation. In contrast, only six of the included studies 
included people with a transfemoral amputation, limiting 
the results’ generalisability within the prosthetic popu-
lation [59, 60, 73–76]. Also, the majority of the studies 
(94%) are based upon biomechanical and physiological 
findings during the performance of walking tasks, except 
for 2, which used performance and subjective measures 
[63, 86]. Another concern relates to the overall high risk 
of bias. The high risk of bias can be attributed to the lack 
of randomisation, the inability to blind participants to 
the prosthetic condition and the lack of reporting pro-
tocol deviations. Specifically, the lack of randomisation 

and inability to blind participants are essentially inher-
ent to prosthetic research. Taken all of the aforemen-
tioned elements into account, heterogeneity of the 
outcome measures combined with small sample sizes, 
limited familiarisation time, and the high risk of bias of 
the included studies do not allow robust conclusions to 
be made. Therefore, the recommendation is to perform 
adequate sampled studies with a limited number of out-
come measures and ample familiarisation time evaluat-
ing a prosthetic device during daily activities. Secondly, 
the recommendation is shifting the emphasis towards the 
psychosocial dimension of quality of life through ques-
tionnaires finding a suitable poise between objective and 
subjective measures to obtain a thorough insight into the 
benefits of prosthetic devices. A recent review provides 
an overview of psychometric properties of functional, 
ambulatory, and quality of life instruments to be used 
in people with a lower limb amputation [43]. At last, we 
advise conducting prospective studies assessing the ben-
efits of passive, quasi-passive and active prostheses in 
the longer term similar to those already conducted com-
paring prosthetic knees or those investigating quality of 
life after an amputation without comparing prosthetic 
devices [14, 30, 98–101].

Conclusion
This review evaluated the differences in the quality of 
life between passive, quasi-passive and active prosthe-
ses for people with a lower limb amputation using bio-
mechanical, physiological, performance and subjective 
measures. Compared to passive ankle–foot prostheses, 
quasi-passive and active prostheses improve quality of 
life. Although short-term therapeutic benefits have been 
established favouring more advanced prostheses, out-
come measures’ discrepancies prevail, the brain’s influ-
ence on prosthetic functioning is insufficiently studied, 
and the long-term benefits remain unknown. Investigat-
ing these aspects may improve the quality of life of peo-
ple with a lower limb amputation.
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