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A B S T R A C T   

Major lower-limb amputation (LLA) is a life-changing event associated with poor post-operative physical and 
psychological functioning and decreased quality of life. The general physical condition of most LLA patients 
prior to surgery is already significantly deteriorated due to chronic peripheral vascular disease often in com-
bination with diabetes. Pre-operative rehabilitation (also called ‘pre-rehabilitation’) is an increasingly common 
strategy used in multiple patient populations to improve patients’ physical and mental condition prior to surgery, 
thus aiming at improving the post-operative patient outcomes. Given the positive effects of post-surgical out-
comes in many patient populations, we hypothesize that pre-operative rehabilitation will improve post-operative 
outcomes after LLA. 

To test this hypothesis, a literature search of PubMed, EMBASE, EBSCOhost, Web of Science and 
ScienceDirect was performed to identify studies that investigated the impact of a pre-operative rehabilitation 
therapy on post-operative outcomes such as length of hospital stay, mobility, physical functioning, and health 
related quality of life. No time restrictions were applied to the search. Only articles published in English were 
included in the selection. Two studies satisfied the eligibility criteria for inclusion in the review, one qualitative 
and one quantitative study. The quantitative study reported a beneficial effect of pre-rehabilitation, resulting in 
post-operative mobility (at least indoor ambulation) in 63% of the included LLA patients. There is a need for 
prospective clinical studies examining the effect of pre-rehabilitation on post-operative outcomes to be able to 
confirm or reject our hypothesis. Although the hypothesis seems plausible, evidence is lacking to support our 
hypothesis that pre-operative rehabilitation will improve post-operative outcomes in patients with LLA. The 
qualitative study indicated that integrating pre-rehabilitation in the care for LLA patients seems to be limited to a 
selected group of dysvascular patients, but at this stage cannot be advised based on current evidence even in this 
subgroup. Further research is needed to clarify whether such an intervention prior to amputation would be a 
useful and effective tool for optimizing post-operative outcomes in LLA patients.   

Background 

A major lower-limb amputation (LLA) is a drastic life-changing 
event which, in most cases, results in a poor post-operative physical and 
psychological condition, permanent disability and decreased quality of 
life [1]. The most common causes of LLAs worldwide are peripheral 
vascular disease (PVD), diabetes mellitus, severe trauma, neoplasia, 
infection and congenital defects [2–4]. In the Netherlands, LLAs are 
performed mainly due to PVD with critical ischemia combined with 
diabetes mellitus in overwhelming majority of the cases [5]. The am-
putation level is an important determinant of the patient’s mobility and 
physical functioning post-operatively, therefore decisions related to 
surgical interventions at a specific anatomical lower limb level are of 

extreme importance for the patient’s rehabilitation process and post- 
operative outcomes [6]. 

In order to be able to walk again after surgery, a LLA patient needs a 
prosthesis which requires great energy expenditure; so maintaining 
good physical fitness is the key to tolerating the increased energy de-
mand [7]. However, the pre- and post-operative physical condition of 
LLA patients generally tends to be low because of existing co-morbid-
ities such as diabetes mellitus and PVD which are usually also the main 
causes leading to the amputation [1]. Increased age and possibly re-
duced motivation to maintain good physical fitness could also be im-
portant factors influencing the physical abilities and functional out-
comes of LLA patients post-operatively [8]. Therefore, there is an 
increased need for dedicated cardiovascular and muscular strength 
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exercise programs in these patients aiming at improving their physical 
fitness prior to amputation, which would possibly result in improved 
post-operative physical and psychological functioning, thus leading also 
to a general improvement in the health related quality of life (HRQoL) 
of the patient. 

Pre-operative physical rehabilitation, also called ‘pre-rehabilita-
tion’, has been increasingly used in various patient groups in order to 
improve post-operative outcomes such as functional capacity, length of 
hospital stay (LOS) and possible peri- and post-operative complications  
[9,10]. Pre-rehabilitation is the process of enhancing and optimizing 
one’s physical fitness with the aim to enable them to withstand a 
stressful surgical event associated with inactivity [11]. Such a pre-re-
habilitation program usually commences 4–6 weeks prior to surgery 
and comprises of repetitive physical exercises preferably combined with 
occupational therapy, psychosocial assessment and education regarding 
the rehabilitation experience and possible prosthetic fitting post-op-
eratively [12–16]. It was suggested that a pre-operative program used 
in the treatment of young LLA patients consists of chest physiotherapy, 
muscle and joint mobility training, focusing on strength and function 
preservation [3]. Also general muscle strengthening interventions can 
be initiated prior to surgery in order to enable prospective LLA patients 
to be independent and more mobile during their post-operative period  
[17]. The need for maintaining mobility, activity and good range of 
motion (ROM) of the unaffected limbs, cardiopulmonary conditioning 
including dynamic exercises as tolerated, as well as psychosocial in-
terventions are emphasized so that the patient achieves maximal 
functional fitness and adapts psychologically and emotionally to the 
amputation in the pre- and post-operative rehabilitation period  
[12,14,18]. In order to standardize and improve rehabilitation care of 
LLA patients, the Department of Veterans Affairs (VA) and the De-
partment of Defense (DoD), USA, published guidelines in 2017 which 
give a thorough elucidation of all rehabilitation phases starting with 
pre-operative care [19]. The Dutch guidelines published in 2012 pro-
vide a structured evidence-based approach for the rehabilitation period 
of patients awaiting for LLA [5]. However, pre-operative rehabilitation 
interventions are not described in these guidelines. 

The effectiveness of pre-rehabilitation has been demonstrated in 
multiple patient groups. For example, patients undergoing cardiovas-
cular and abdominal surgery showed improved muscle function shorter 
hospital stay and reduced postoperative complication after a pre-re-
habilitation program [9,20–26]. Additionally, there is evidence in the 
literature that pre-operative rehabilitation in patients undergoing hip 
and knee arthroplasty contributes to decreased LOS [26]. A few studies 
examining pre-operative rehabilitation in lung cancer patients who 
undergo lung resection also demonstrate that pulmonary rehabilitation 
prior to surgery results in improved exercise capacity and decreased 
LOS after surgery [27–29]. Beneficial effects of active participation in 
rehabilitation and physical therapy before surgery have also been re-
ported in liver transplantation patients on a liver transplant waiting list, 
whose significantly reduced pre-operative functional status (including 
disease-associated fatigue, muscle wasting, and ascites) usually results 
in inactivity or immobility [30]. Pre-transplant rehabilitation and 
conditioning has also been demonstrated to improve transplant candi-
dacy, speed up the recovery process, improve post-operative exercise 
capacity and muscle strength, and contribute to both decreased in-
tensive care unit and hospital LOS following lung transplantation  
[31,32]. 

Hypothesis. The findings retrieved from the current literature indicate that 
pre-rehabilitation interventions in LLA patients is thought to be useful and 
effective with respect to post-operative outcomes such as mobility, LOS, 
HRQoL, post-operative recovery including possible complications, morbidity 
and survival. Hence, we hypothesize that, given the positive effects of post- 
surgical outcomes in many patient populations, pre-operative rehabilitation 

will improve post-operative outcomes after LLA. 

Methods 

To test the hypothesis a review of literature was performed and 
reported according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) Statement [33]. 

Eligibility criteria 

Studies have been selected on the basis of specific inclusion and 
exclusion criteria which were the same for the three phases of selection, 
being title, abstract and full-text selection processes. Inclusion criteria 
were: primary research, target population of at least five LLA patients, 
focus on pre-operative physical or psychosocial interventions/care, for 
instance physical therapy, exercise, physical conditioning, or psy-
chotherapy. Next to that, studies had to specify post-operative out-
comes such as physical functioning, mobility, LOS and recovery time, 
HRQoL, or complication rates, in order to be accepted for next phase 
selection. Only articles published in English were included in the se-
lection. No time restrictions were applied to the literature search. 

Articles were excluded when they only focused on post-operative 
interventions such as post-operative rehabilitation alone and prosthesis 
fitting. Articles that involved other surgical interventions than LLA 
were also excluded. Lastly, reviews, case studies, comments, interviews, 
letters, posters, books and book chapters were excluded. If, after title 
and abstract evaluation, the inclusion or exclusion of an article was still 
uncertain, the article was included in the next selection phase. 

Information sources and search strategy 

The following five databases were searched for the purposes of this 
systematic review: PubMed, EMBASE, EBSCOhost, Web of Science and 
ScienceDirect. The search strategy used included a combination of da-
tabase-specific MeSH terms, Boolean operators (‘’AND’’, ‘’OR’’ or 
‘’NOT’’) to combine search terms, free text words and ‘wild cards’ (using 
truncation character ‘’*’’). The complete search strategy details for each 
database are presented under Appendix 1. The main key words for the 
search included ‘’preoperative care’’, ‘’preoperative rehabilitation’’, 
‘’prehabilitation’’, ‘’preoperative training’’, ‘’preoperative therapy’’, 
‘’preoperative service’’, ‘’preoperative exercise’’, ‘’pre-operative phy-
sical therapy’’ and ‘’pre-operative intervention’’ in combination with 
‘’lower limb’’, ‘’’lower extremity’’, ‘’amputation’’ and ‘’amputees’’. 
Duplicates from all five databases were removed. Manual searches were 
conducted as well. The most recent search date was February 24th 
2020. 

Study selection 

Two reviewers assessed titles, abstracts, and full texts in-
dependently. A consensus meeting was held after every stage to ensure 
that comparison is made between individual results, and agreements on 
differences in assessment are achieved. If consensus between the two 
reviewers was not met in a certain stage, a third reviewer made the final 
decision regarding the eligibility of the particular article. After the full- 
text selection phase, both reviewers used a quality assessment checklist 
to evaluate the methodological quality and internal validity of the in-
cluded articles (see Appendix 2). References of papers selected for the 
final assessment phase of the review were checked for relevant citations 
as well. 
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Data extraction 

In order to support or reject our hypothesis, data was extracted from 
the included quantitative studies. The data extracted from the selected 
studies were general study information, number of patients, and patient 
characteristics. General study information included authors, year of 
publication, duration of study, patient population, post-operative out-
comes, outcome measurement tool, type of pre-operative rehabilitation 
intervention, its frequency, intensity, and duration, as well as inclu-
sion/exclusion criteria within each study. In terms of patient char-
acteristics, median age, level of amputation, reason for amputation, as 
well as percentage of males and females included in the study were 
recorded. The post-operative outcomes of interest such as physical 
functioning, mobility, LOS and recovery time, HRQoL, and complica-
tion rates were extracted. 

Risk of bias assessment 

The tool used for assessing risk of bias in individual quantitative 
studies is A Cochrane Risk Of Bias Assessment Tool for Non- 
Randomized Studies of Interventions (ACROBAT-NRSI) [31]. It covers 
seven domains through which different types of bias might be in-
troduced into a Non-Randomized Study (NRS), namely bias due to 
confounding, bias in selection of participants into the study, bias in 
measurement of interventions, bias due to departures from intended 
interventions, bias due to missing data, bias in measurement of out-
comes, and bias in selection of the reported result. 

Data analysis 

Analysis of the data could not be undertaken due to the fact that 
only one quantitative study and one qualitative study met the inclusion 
criteria and were subsequently included in the review after the full-text 
selection stage. The results are therefore presented as a narrative ana-
lysis of the data from this study. 

Results 

Study selection 

The search of PubMed, EBSCOhost, Embase, ScienceDirect and Web 
of Science provided a total of 217 articles after duplicates were re-
moved. After the evaluation of the titles, 69 records were included for 
further selection. The review of the abstracts resulted in the selection of 
21 articles meeting the inclusion criteria and were included for full text 
assessment. The 48 discarded articles clearly did not meet the inclusion 
criteria. These articles concern no primary research or are not focused 
either on post-operative rehabilitation alone or on pre-operative as-
sessment not involving the actual implementation of a pre-rehabilita-
tion program. Checking the references of the articles selected for the 
full text phase did not lead to any additional articles to be included. 
After assessing the full texts, two studies met the inclusion criteria and 
were, therefore, included in the systematic review for further analysis. 
One of the studies was a qualitative study, and one was a quantitative. 
Nineteen articles in total have been excluded since they fell outside the 
eligibility criteria. Fifteen articles were not scientific studies (no pri-
mary research), instead these papers provided step-by-step description 
of the pre- and post-operative rehab phases, like pre and post-re-
habilitation guidelines, without any proof of effectiveness and four 
papers only reported the odds of receiving preoperative therapy 
without reporting outcomes. Every step of the whole article selection 
process is illustrated in Fig. 1 which shows the PRISMA Flow Diagram 
of the literature search [33]. 

Risk of bias within study 

One of the included studies was assessed for risk of bias, as only 
quantitative studies were assessed. The Cochrane Risk Of Bias 
Assessment Tool for Non-Randomized Studies of Interventions 
(ACROBAT-NRSI) [34] based on seven domains was used. Within-study 
risk of bias is presented in Table 1. The significant lack of information 
provided in the article represented an obstacle for the proper assess-
ment of the risk of bias within the included study. The study did not 
elaborate on an explanation of the contents of the pre-operative inter-
vention such as specific exercises, exact duration, frequency and in-
tensity and lacked a clear presentation and explanation of the statistical 
analysis of the patient outcomes. Therefore, the judgment of the risk of 
bias of the study turned out to be quite burdensome and resulted in an 
overall high or unclear risk of various types of bias assessed by the risk 
of bias assessment tool. 

Characteristics of the study population 

The 2-year quantitative study of Turney et al. [35] which fulfilled 
all eligibility criteria for final selection, included a total of 87 major LLA 
patients with median age of 74 years. The patient group comprised of 
60 men and 27 women, representing 69% and 31% of the whole patient 
group respectively. The number of drop-outs was 21, 12 of whom died 
in the peri-operative period (i.e. before being discharged from hospital), 
and a further 9 patients died over the 2-year period of the study. A 
summary of the study information is provided in Table 2. 

The patients included in the study underwent different levels of 
amputation: 43 had unilateral below knee amputations (BKA), 27 had 
unilateral above knee amputations (AKA), and two had hip dis-
articulations. There were 15 bilateral amputation patients, 11 of whom 
with a bilateral BKA, two patients with one BKA and one AKA, and two 
patients with bilateral AKAs. The main reason for the majority of am-
putations (70) was critical ischemia, whereas the remainder (17) were 
performed for a variety of orthopedic, ulcerative, and oncological rea-
sons. The study characteristics of the included study are described in  
Table 3. 

Assessment method 

To assess post-operative mobility in LLA patients, the study of 
Turney et al. used the Wood/Stanmore scale [35]. This scale was used 
by the physiotherapists to score the predicted and maximum achieved 
mobility of each patient after amputation. It assesses both household 
and community ambulatory mobility. It is a 5 point scale ranging from 
cosmetic use of a prosthesis (1) to independent outdoor mobility (5). No 
published evidence of testing for validity or reliability is available [36]. 

Pre-operative exercise intervention 

Daily physiotherapy was initiated before the amputation for pa-
tients with any mobility, or any potential for mobility. The rehabilita-
tion team consisted of vascular surgeons, rehabilitation physicians, 
physiotherapists and occupational therapists. The authors, however, 
did not provide any information regarding the exact components of the 
pre-operative intervention such as specific physical exercises, intensity, 
and duration. 

Post-operative outcomes 

The outcome of interest of the study was the post-operative mobility 
of LLA patients [35]. Twenty one patients died during the course of the 
study, which resulted in 66 patients who continued with their partici-
pation in the study. Mobility (a score of 3 or higher on the Wood/ 
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Stanmore scale, meaning at least indoor walker with the use of walking 
aids) was achieved in 55 patients of all 87 (63%). They reported sig-
nificantly better mobility in patients with unilateral BKA compared 
with a unilateral AKA (34/43 or 79% versus 10/27 or 37%, respec-
tively; chi-square analysis, p = 0.001). Mobility was not affected by 
any other factors, in particular, age, sex, diabetes, emergency admis-
sion, indication for amputation and previous vascular surgery, ac-
cording to a univariate analysis. The LOS of the mobile and immobile 
patients was also recorded (median duration of stay was 45 versus 
49 days), showing no significant differences. 

Qualitative study 

The study by Dekker et al. described a qualitative study with two 
explorative focus groups of in total 16 experts in the field of LLA and 
pre-operative rehabilitation.[18] The aim was to investigate the ex-
periences of professionals and researchers in the field of LLA with the 
use of pre-rehabilitation in these patients. Also the opinions of the ex-
perts regarding need and feasibility of such a pre-rehabilitation pro-
gram was assessed. The panel of experts consisted of highly qualified 
and experienced medical professionals and researchers in the field of 

Fig. 1. PRISMA Flow Diagram of Literature Search.  
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vascular surgery, rehabilitation medicine, physiotherapy, psychology, 
occupational therapy and movement sciences. The study showed that 
hardly any professional in the Northern Netherlands had experiences 
with pre-operative rehabilitation in dysvascular patients awaiting an 
amputation.[18] Although the experts saw the potential importance, 
benefits, and effectiveness of a pre-rehabilitation program for dysvas-
cular LLA, they had strong doubts about the feasibility of such a pro-
gram. These patients were described as difficult group for pre-operative 
rehabilitation due to short time window prior to surgery, older age, and 
multiple co-morbidities. Also motivation in this group was thought to 
be poor, resulting in small chances of a behavioral change. A pre-op-
erative rehabilitation program seemed only possible for a selected 
subgroup of younger dysvascular patients, with a relatively large 
window of time before the elected surgery.[18] 

Discussion 

The aim of this study was to test the hypothesis that given the po-
sitive effects of post-surgical outcomes in many patient populations, 
pre-operative rehabilitation will improve post-operative outcomes, like 
physical functioning, mobility, LOS and recovery time, HRQoL, and 
complication rates, in LLA. A systematic literature search was pre-
formed to test this hypothesis. In literature only one quantitative study 
investigated the effects of a pre-operative rehabilitation program for 
LAA patients and one qualitative study investigated the need and fea-
sibility of a pre-operative program for LLA. The effects on post-opera-
tive mobility of these patients was assessed using the Wood/Stanmore 
mobility scale.[35] The outcomes of the study showed improved patient 
mobility in patients with unilateral BKA compared to unilateral AKA 
patients. No association was found between mobility and age, sex, 
diabetes mellitus, amputation cause and previous vascular surgery. In 
the included qualitative study it was concluded that pre-operative re-
habilitation seems only possible for a selected subgroup of younger 
dysvascular patients, with a relatively large window of time before the 
elected surgery. 

Significance of results 

In the study of Turney et al. 63% LLA patients reached at least in-
door mobility with the use of assisted devices, [35] which is much more 
than the portion of patient reaching this level of mobility described in a 
previous study (10–15%).[37] This result was attributed to the in-pa-
tient-based rehabilitation program which was offered to the LLA pa-
tients on a daily basis prior to their operation, and continued daily until 
discharge. No control group was included however, making it hard to 

weigh this outcome. 
A clear association between the applied pre-operative phy-

siotherapy and the improved mobility of the patients after their op-
eration has not been presented in this study. This could mean that other 
factors other than the pre-rehabilitation physical exercises could have 
also contributed to the high numbers of post-operative mobility of the 
patients, including, for instance, high selectivity of patients with rela-
tively better and more stable pre-operative physical condition com-
pared to previous literature. This may well result in exclusion of pa-
tients with significant comorbid diseases who might, in fact, represent a 
population group that would benefit most from pre-operative phy-
siotherapy due to greater physical deconditioning and poorer health 
status. 

In the paper of Dekker et al. a study was described where two focus 
groups were held with a multidisciplinary group of clinicians and re-
searchers in the field of amputation and pre-operative rehabilitation. 
[18] It was concluded that a pre-operative rehabilitation program 
seems only feasible in a selected subgroup of younger dysvascular pa-
tients. 

Methodological issues 

Despite the promising mobility outcomes described by Turney et al., 
several issues arise with respect to the methodological set up of the 
study.[35] Firstly, the quality assessment applied for this study showed 
poor methodological quality based on poor scorings on several quality 
items among which “unclearly defined exposure measures” and “lack of 
measurement of possible confounding variables” (Appendix 2). The 
systematic review of Sansam et al.,[38] which investigated factors 
predicting the walking ability following LLA, also assessed the quality 
of the study by Turney et al.,[35] and confirms our conclusion that the 
study is of poor methodological quality. Sansam et al. have based their 
quality assessment on the rating method from the UK National Service 
Framework for Long-term Conditions,[39] which has face validity and 
allows assessment of quality in non-randomized cohort studies. 

Secondly, the exact components of the in-patient rehabilitation 
program, such as the specific physical exercises, frequency of therapy 
sessions and their duration, as well as the duration of the whole therapy 
(in days/weeks) prior to amputation, were not described in the article. 
This poses various difficulties in terms of reproducibility and raises 
doubts about the validity and reliability of the results stated in the 
article. Also the poor description of the content of the intervention 
increases the risk of bias of the study. The poor methodological quality 
and high risk of bias prevent any definitive conclusions about the post- 
operative outcomes examined. 

Table 1 
Risk of Bias Assessment in Individual Study using Cochrane Risk of Bias Tool for NRSI     

Domain Assessment by Outcome(study of Turney 
at al.[32]) 

Comment  

Bias due to confounding Serious risk of bias; No adjustment for confounders; 
Bias in selection of participants into the 

study 
Moderate risk of bias; Selection into the study related to an effect of both intervention and outcome; 

Bias in measurement of interventions No information on which to base a judgement 
about risk of bias for this domain; 

No definition and explanation of intervention; 

Bias due to departures from intended 
interventions 

No information on which to base a judgement 
about risk of bias for this domain; 

No information is reported on whether there is departure from the intended 
intervention; 

Bias due to missing data No information on which to base a judgement 
about risk of bias for this domain; 

No information is reported about missing data or the potential for data to be missing; 

Bias in measurement of outcomes Serious risk of bias; The outcome measure was subjective (i.e. likely to be influenced by knowledge of the 
intervention received by study participants) and was assessed by outcome assessors 
aware of the intervention received by study participants; 

Bias in selection of the reported result No information on which to base a judgement 
about risk of bias for this domain; 

There is too little information to make a judgement. No statistical analysis of the results 
provided in the article. 
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Limitations of the current study 

Several limitations of this study to test our hypothesis require fur-
ther elaboration. First, English-language restriction was applied during 
the study selection phases, which may introduce a language bias and 
lead to erroneous conclusions. Moreover, the exclusive reliance on 
English-language studies may not represent all of the evidence. 

Another very important limitation was the lack of studies available 
on the researched topic. The fact that only two studies from our lit-
erature search of five databases fulfilled the eligibility criteria for in-
clusion is a clear indication of the scarcity of research in the field of pre- 
operative rehabilitation for LLA patients. These limited results make it 
impossible to support or reject our hypothesis, but, on the other hand, 
stimulated our interest in the investigation of pre-rehabilitation prac-
tices for LAA patients and the possibilities of testing their effectiveness 
on post-operative patient outcomes even further. 

As shown by this study, the influence of pre-operative rehabilitation 
program involving physical exercises on post-operative outcomes of 
LLA patients has received too little attention in the literature. For the 
achievement of optimal results after the amputation in terms of physical 
and psychological functioning and well-being, as well as satisfactory 
quality of life, insight is needed into the effectiveness and feasibility of 
such a pre-rehabilitation program. Therefore it is necessary to study a 
complete cohort of LLA patients prospectively with respect to their pre- 
and post-operative conditioning, in order to compare the outcomes of 
patients who received pre-operative therapy with those of no-inter-
vention patients. 

As shown in the included qualitative study, it should be mentioned 
that the expert opinion of a multidisciplinary group in The Netherlands 
is that pre-operative rehabilitation is only suitable for a selected group 
of relatively young dysvascular patients.[18] This poor suitability could 
be the reason for the lack of literature available on this topic. Though it 

is reported that 13.6% of LLA patients received preoperative physical or 
occupational therapy between 2005 and 2010 through VA in the USA, 
showing that there is potential for such a program in a selected group. 
[40] 

Conclusions and future work 

Based on the current literature the hypothesis that given the positive 
effects of post-surgical outcomes in many patient populations, pre-op-
erative rehabilitation will improve post-operative outcomes after LLA 
could not be supported nor rejected. It seems however, that a pre-op-
erative rehabilitation program might only be feasible in a selected 
subgroup of relatively young dysvascular patients. The results point to 
the conclusion that future research is still needed to understand the 
potential benefit of pre-operative rehabilitation input in LLA patients. 
The possibility of developing and clinically implementing a pre-opera-
tive rehabilitation program has the potential to benefit patients who 
might well be in need of a better pre-operative treatment and pre-
paration for the post-operative period and its hardships. It has been 
shown that there is significant lack of information in the literature on 
pre-rehabilitation of patients scheduled for LLA and its effect on post- 
operative patient outcomes. Future clinical trials are required to define 
the role, nature, duration, intensity, and frequency of pre-operative 
exercise training in the management of a selected group of relatively 
young dysvascular patients who are to undergo LLA. 
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Appendix 

Appendix 1: Search strategies and databases searched 

EBSCOhost 
TX (preoperative OR pre-operative) AND TX rehabilitation AND TX lower limb AND TX amput*. 
PubMed 
(“Preoperative Care”[Mesh] OR preoperative care[tw] OR preoperative service*[tw] OR preoperative program*[tw] OR preoperative inter-

vention*[tw] OR preoperative training[tw] OR preoperative exercise[tw] OR preoperative physical activity[tw] OR preoperative therap*[tw] OR 
preoperative rehabil*[tw] OR pre-operative care[tw] OR pre-operative program*[tw] OR pre-operative intervention*[tw] OR pre-operative training 
[tw] OR pre-operative exercise[tw] OR pre-operative physical activity[tw] OR pre-operative therap*[tw] OR pre-operative rehabil*[tw] OR pre- 
operative service*[tw]) AND ((physical activity OR fitness) OR (“rehabilitation”[Subheading] OR rehabilitat*[tw] OR prehabilitat*[tw] OR pre-
rehabilitat*[tw])) AND (“Amputation”[Mesh] OR amputat*[tw] OR amput*[tw]). 

EMBASE 
'preoperative' OR 'pre-operative' AND ('rehabilitation'/exp OR rehabilitation) AND lower AND ('limb' OR 'limb'/exp OR limb OR 'extremity'/exp 

OR 'extremity') AND ('amputation' OR 'amputation'/exp OR amputation OR 'amputee'/exp OR 'amputee') 
ScienceDirect 
TITLE-ABSTR-KEY((preoperative OR pre-operative) rehabilitation ) and TITLE-ABSTR-KEY(lower amput*)[All Sources(Medicine and Dentistry)]. 
Web of Science 
((TS=(lower limb OR lower extremity amput*) AND TI=(preoperative OR pre-operative) AND TI=(rehabilitation OR physical therapy OR 

physical activity OR intervention OR service OR program* OR exercise OR prehabilitation OR prerehabilitation OR fitness))) AND LANGUAGE: 
(English) AND DOCUMENT TYPES: (Article)/ 

Timespan: All years. 

Appendix 2 

TableA2 
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Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies Available from: http://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardi-
ovascular-risk-reduction/tools/cohort.htm.      

Criteria Yes No Other (CD, NR, NA)* 
1. Was the research question or objective in this paper clearly stated?    
2. Was the study population clearly specified and defined?    
3. Was the participation rate of eligible persons at least 50%?    
4. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion 

criteria for being in the study prespecified and applied uniformly to all participants?    
5. Was a sample size justification, power description, or variance and effect estimates provided?    
6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?    
7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed?    
8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of 

exposure, or exposure measured as continuous variable)?    
9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?    
10. Was the exposure(s) assessed more than once over time?    
11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?    
12. Were the outcome assessors blinded to the exposure status of participants?    
13. Was loss to follow-up after baseline 20% or less?    
14. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and 

outcome(s)?      

Quality Rating (Good, Fair, or Poor) (see guidance) 
Rater #1 initials: 
Rater #2 initials: 
Additional Comments (If POOR, please state why):  

*CD, cannot determine; NA, not applicable; NR, not reported  
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