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Abstract 
Aim: This review aims to describe the existing evidence base for using elevated vacuum suspension 

and pin-lock suspension systems in regards to fluctuations of limb volume, balance, effect on gait 

(spatial and temporal, kinematic, and kinetic data), and in-socket movement (pistoning and transverse 

forces). 

Background: There is a growing population with a TT amputation thus there is an increased demand 

for TT prosthetic solutions. There are a multitude of different suspension methods with different 

drawbacks and benefits. This review investigates elevated vacuum suspension (EVS) and pin-lock 

suspension systems. 

Method: A systematic search was conducted in Medline, PubMed, and Scopus, and included or 

excluded articles per the eligibility criteria. The chosen studies will be carefully read and critically 

appraised for their quality of evidence. 

Results: 13 articles were found that matched the eligibility criteria and aim, 5 articles included pin-lock 

suspension systems and 9 included EVS systems. 3 looked at limb volume fluctuation, 1 at balance, 4 at 

in-socket movement (transverse forces and pistoning), and 8 at the quality of gait (temporal and 

spatial, kinematic, and kinetic). 

Conclusion: Several of the articles included in this review indicate that EVS results in better 

performance on balance tests, higher velocity, and a more stable residual limb volume than other 

suspension systems. Furthermore, it was shown that prosthetic users with an EVS had more normal 

values in their ROM during gait and less in-socket movement. 
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Abstrakt 
Syfte: Den här litteraturöversikten syftar till att beskriva den befintliga evidensbasen för användning 

av aktivt vakuum-suspension och pinnlås suspension med avseende på fluktuationer i 

extremitetvolym, balans, effekt på gång (spatial och temporal, kinematisk, och kinetiska data) och 

rörelse i hylsan (vertikala och tvärkrafter). 

Bakgrund: Det finns en ökande population som genomgår en transtibial amputation alltså finns en 

ökad efterfrågan på transtibiala-proteslösningar. Det finns en mängd olika suspensionsmetoder med 

olika nackdelar och fördelar. Denna recension undersöker eleverad vakuum-suspesnion och pin-lås-

suspension. 

Metod: En systematisk sökning genomfördes i Medline, PubMed och Scopus och inkluderade eller 

exkluderade artiklar enligt behörighetskriterierna. De valda studierna kommer att läsas noggrant och 

kritiskt bedömas för deras metodologiska kvalité. 

Resultat: 13 artiklar hittades som matchade behörighetskriterierna och syftet. 5 artiklar undersökte 

pin-lås-suspension och 9 undersökte aktivt vakuum-suspension. 3 tittade på volymfluktuationer i 

extremiteterna, 1 på balans, 4 på rörelse i socket (vertikala och tvärkrafter) och 8 på kvaliteten på gång 

(temporal och rumslig, kinematisk och kinetisk). 

Slutsats: Denna litteraturöversikt visade att aktiv vakuum resulterar i att prestera bättre vid 

balanstester, har högre hastighet och en stabilare extremitet volym än andra suspensionsmetoder. 

Vidare fann man att protesanvändare med ett aktivt vakuum hade fler normala värden i sitt 

rörelseomfång under gång och har mindre vertikala krafter i hylsan. 
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1.Introduction 

During the authors clinical placements, they observed inconsistencies between different clinics in 

Sweden in what they provided in terms of suspension systems for prosthetic users with a unilateral 

transtibial (TT) amputation. There are several suspension systems available but no clinical guidelines, 

local or national to guide the decision have been found by the authors. This raised a curiosity about the 

subject and with further research into the subject there was found to be a lack of literature reviews and 

meta-analysis to answer this research question.  

It may be, as observed during the clinical placement, several times a week a Certified Prosthetist 
Orthotist (CPO) must decide between different suspension methods. It is important to base that 
decision on (among patients’ preferences, contextual information, and clinical expertise) the best 
available evidence. This is essential for patient centered care, the choice taken will directly affect the 
patient (Del Mar et al., 2017; Hoffmann et al., 2017). 

This thesis is a literature review with a systematic and transparent approach. The authors have, 

through discussions with the Jönköping Library, concluded that it would be misleading to name the 

thesis a systematic review. This is due to several reasons, the foremost being that the study does not 

and cannot follow the appropriate guidelines for a systematic review such as those provided by 

Cochrane. This does not prevent the study from having a systematic approach and to follow several of 

the vital steps to a systematic review, in all parts of the thesis.  

2. Background  
It is estimated that people living with limb loss in America 2005 will double from 1.6 million and reach 

3.6 million by 2050 (Ziegler-Graham et al., 2008). According to the Swedamps register of 2020, with 

about 8400 registered patients, approximately 63% of all amputations performed on men and 49% of 

all amputations performed on women in Sweden are at the transtibial (TT) level (Swedamp, 2021). 

From 2016-2019 there were 1918 new patients registered with a TT amputation to Swedamp. (2021). 

Among these 37% have been provided with a prosthesis. In their collected data of suspension methods 

combined with data of what liner was used (n=2883), around 2.7% used elevated vacuum suspension 

(EVS) as the suspension method and 21.7% use a distal pin-lock suspension method. In their data over 

the years, there is a discrepancy between using a vacuum (any kind) compared to a distal pin-lock. 

Since 2013 there has been a steady decline in pin-lock compared to vacuum. Pin-lock has previously 

been prescribed more frequently but appear to be phased out by vacuum (Swedamp, 2021). 

Not all persons with an amputation use a prosthesis but those who do, prosthetic users, often report 

having problems with discomfort or issues related to an ill-fitting prosthesis such as skin breakdown 

(blisters, wounds, bruises, etc.) and pain (Klute et al., 2011). Up to 60% of the lower-limb prosthetic 

users are not satisfied with their prostheses, including their suspension method (Baars et al., 2018). 

This may be the result of poor socket manufacturing but can also be caused by an inadequate 

suspension method (Klute et al., 2011). The residual limb volume may fluctuate as forces are put on the 

limb, making it increase or decrease in volume over time. During stance and gait, when forces are 

applied to the residual limb such as torque and ground reaction force, it can displace the prosthesis to 

the residual limb (Eshragi et al., 2012; Klute et al., 2011). 

Vertical movement inside the socket, defined as pistoning, as it resembles the movement of a piston 

and cylinder in a combustion engine (Dewees, 2020). Pistoning has an overall negative effect as it 

wears down on the skin and can cause discomfort and altered gait pattern (Dewees, 2020; Eshragi et 

al., 2012; Klute et al., 2011). Pistoning can be measured in both static and dynamic conditions. 

Previous studies have investigated static pistoning and encourage further research to be done on the 

dynamic measurement of pistoning. Measurement tools for dynamic and static measurement can be 
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radiography, photography, motion analysis techniques, spiral computerized tomography, or 

photoelectric sensors (Eshragi et al., 2012; Gholizadeh et al., 2012). In addition to pistoning there are 

transverse forces. Transverse forces can be defined as a rotation that occurs between the residual limb 

and the socket (DeWees, 2020). This will, as well as pistoning, have a negative effect on the skin and 

gait pattern (DeWees, 2020). 

Prosthetic suspension systems are a method to couple the residual limb to the prosthetic limb. A 

successful suspension should provide a stable coupling that feels secure to the patient and provides 

maximum control over the prosthetic limb (DeWees, 2020). There are many methods to utilize when 

providing a prosthesis for a patient such as looped liner (non-vacuum system), suction socket, distal 

pin-lock, elevated vacuum, etc. The suspension system is a vital part of the prosthetic design and can 

influence prosthetic function, mobility, and overall satisfaction. Prosthetic fit and suspension are 

closely interrelated in terms of both the level of comfort and functional efficiency of the prosthesis 

(Eshragi et al., 2012). This study will investigate two methods of suspension: a pin-lock suspension 

system and an EVS system.  

Pin-lock suspension is part of a group of suspension methods that can be called locking-liner 

suspension methods. The base for this type of suspension is a gelliner that is worn as the interface 

between the residual limb and socket and connects to both the socket and the residual limb. There are 

a few methods to attach the gelliner to the socket, like a lanyard, magnets, or a pin and shuttle. A pin 

and shuttle, known as a pin-lock consist of a liner where a pin is attached to the distal end. This pin 

will then lock into a shuttle placed in the prosthesis. There may be an audible sound when the locking 

mechanism is activated, informing the wearer that the prosthesis is secured. Once the wearer wishes to 

doff the prosthesis, a button disengages the lock, and the prosthesis can be taken off the pin. It is a fast 

donning and doffing process, but it is vital that the user correctly aligns the pin every time (DeWees, 

2020). Furthermore, if something gets caught in the locking mechanism, for example, socks, the 

locking mechanism may cause the pin-lock to get stuck and the wearer unable to doff the prosthesis 

without professional help (Childers & Wurdeman, 2016). Active users have reported pistoning on their 

limb when using this suspension method as the prosthesis is primarily attached distally, it produces a 

gradient pressure on the limb with the highest on the distal end (Childers & Wurdeman, 2016; 

DeWees, 2020). During swing, the prosthesis weight pulls on the pin, resulting in an elongation of the 

liner and underlying tissue (DeWees, 2020).  

EVS systems are part of the atmospheric pressure suspension systems group. These suspension 

methods rely on creating a negative pressure in the space between the gelliner and prosthetic socket to 

suspend the prosthesis to the residual limb. This is done by sealing the space airtight and then 

evacuating the air to create suction. The air can be evacuated by a passive vacuum suspension (PVS) 

which relies on the cyclic pumping of the limb to evacuate the air through a one-way valve. Another 

alternative is to use an EVS.  EVS can be defined as the use of an external vacuum pump driven by a 

mechanical pump or microprocessor-controlled electric motor to actively evacuate the air (DeWees, 

2020). Mechanical pumps use the natural motion of compression and decompression that gait 

produces to pull air from the socket. The microprocessor is powered by rechargeable batteries and can 

adjust the pressure in the socket and thus providing more control for the user. With an EVS system, 

the negative pressure can reach up to 80 kilopascal (KPa) and be held at the same level, despite what 

movement the user is performing. A microprocessor will require some extra building height, and these 

types of suspension systems require that the air-tight seal is maintained otherwise the system will fail. 

Pumps can also be built into the pylon or prosthetic foot (Childers & Wurdeman, 2016). Using vacuum 

leads to a decrease in in-socket motion, which is supposed to decrease skin problems, and improve 

prosthetic control, balance, and prosthetic comfort. They result in lower peak pressures and lower 

impact forces compared to traditional suction sockets (DeWees, 2020). 

Previous studies have found that using an EVS might improve balance, activity, and gait parameters 

(such as spatial and temporal, kinematic, and kinetic data) (Young & Loshak, 2020). Spatial and 

temporal parameters include stride and steps duration, cadence, step length, stride length and step 
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width. Kinematic data includes the ROM of the joints whilst kinetic data includes forces, masses, 

acceleration, and moment, such as ground reaction force (GRF) (Whittle et al., 2012a; Whittle et al., 

2012b). Earlier research indicate that EVS might reduce pistoning, fear of falling, and the risk of 

falling, and improve skin health (Young & Loshak, 2020). There is some evidence suggesting that 

using an EVS increase the limb volume compared to a non-EVS, this in turn will reduce movement on 

the residual limb and is favorably affecting the pressure distribution (Kahle et al., 2014; Young & 

Loshak, 2020). Additionally, there might be a difference in balance control. Balance is divided into 

both static (defined by Rival et al. (2005) as the ability to keep an upright posture within the base of 

support and dynamic balance, defined by Karimi & Solomonidis. (2011), as the ability to maintain 

stability throughout weight changes, or when changing the base of support. Young & Loshak. (2020) 

states that there might be improvements to the dynamic balance using EVS. 

EVS might not be the best choice for all users as donning and doffing the prosthesis can be more 

difficult, it requires regular maintenance and can cause blisters if worn incorrectly (Gholizadeh et al., 

2014b; Gholizadeh et al., 2016). As the evidence is unclear what functional effect using an EVS 

respectively a pin-lock suspension system has in regards to residual limb volume fluctuations, balance, 

in-socket movement and quality of gait, this study will investigate and describe the existing evidence 

base (Kahle et al., 2014). 

3. Research question  
How is the evidence covered for elevated suspension systems and pin-lock suspension systems 
regarding residual limb volume fluctuations, balance, in-socket movement (pistoning and transverse 
forces), and quality of gait (spatial and temporal, kinematic, and kinetic data) for prosthetic users with 
transtibial amputation? 
 

4. Aim 
This review aims to describe the existing evidence base for using elevated vacuum suspension and pin-

lock suspension in regards to fluctuations of limb volume, balance, effect on gait (spatial and temporal, 

kinematic, and kinetic data), and in-socket movement (pistoning and transverse forces). 

 

5. Method 

5.1 Eligibility criteria 

Previous reviews have investigated studies published prior to 2014, therefore, this review will include 
articles published from 2014. Included studies must be published, have a quantitative study design, be 
ethically approved, and be peer-reviewed. They must be written in English and accessible through 
Jönköping University Library. Systematic reviews will not be included in the results. 
 
Cause of amputation, surgical technique, time since amputation, age during amputation, current age, 
gender, or ethical background is not considered a criterion for this study as its purpose is to be 
applicable to the general patient population and everyday clinical practice. 

5.2 Search strategy 

To be able to find relevant articles in the area that fit the eligibility criteria, three online databases will 
be used to conduct the search (Higgins et al., 2022), Medline, Cinahl, and Scopus. These databases 
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were used on the recommendation of the Jönköping Library as they consider them to have the most 
relevant record and thus provide sufficient coverage of the existing evidence base. The free-text search 
terms used in the databases are constructed using the PICO model. By using the PICO model included 
studies will align with the patient group, intervention, control, and outcome of the study. The patient 
group of this study is prosthetic users with TT amputation. The intervention is a TT prosthesis using 
an EVS, with the control being a TT prosthesis using a pin-lock mechanism as its suspension method. 
In terms of outcomes, this study investigates fluctuations of limb volume, balance, effect on gait 
(spatial and temporal, kinematic, and kinetic data), and in-socket movement (pistoning and transverse 
forces). This method was also applied to the creation of the research question (Table 1) (Del Mar et al., 
2017; Hoffmann et al., 2017; Statens beredning för medicinsk och social utvärdering [SBU], 2020). 
 

Table 1  
 
PICO-terms 

PICO-terms PICO-term applied to this review 
P- patients Prosthetic users with a unilateral transtibial 

amputation 
I -intervention Elevated vacuum suspension system 
C- Control The distal pin-lock suspension system 
O- Outcomes Fluctuations of limb volume, balance, effect on 

gait (spatial and temporal, kinematic, and 
kinetic data), and in-socket movement 
(pistoning and transverse forces).  

Note: Structure of the research question based on the PICO (Patients, Intervention, Control, 
Outcome) model. 
 
Synonyms were used to broaden the search, they were sourced by looking into keywords from relevant 
published studies, textbooks, Thesaurus, and expert opinions from the Jönköping Library. The 
synonyms and free-text keywords are combined using Boolean operators. Keyword 1 represents the 
population (Table 1). Keyword 2 searches for both the intervention (I) and control (C ). Outcome (O) is 
not used in the search as it would possibly minimize the range of the search and not all records would 
be found. Table 2 is used to structure the keywords and their synonyms (Del Mar et al., 2017; 
Hoffmann et al., 2017). 
 
Table 2 
 
Search terms for the literature search 

Free-text keyword 1 Boolean term Free-text keyword 2 

(Transtibial or below- knee or 
belowknee or (below and knee)) 
AND 
(prosth* 
or 
prosthetic user* 
OR  
amputee* 
OR  
limb loss  
OR  
amputation*  
OR  
prosthetic user* 
OR  
limb amputation* 
OR 
artificial limb*) 
 

AND subatmospheric*  
OR  
Vacuum  
OR 
Vacum 
OR  
(elevated and (vacum or vacuum)) 
OR  
VAS  
OR 
VASS  
OR  
atmospheric 
OR 
(active AND suction) 
OR 
(active AND vacuum) 
OR 
(Pin AND lock) 
OR 
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Pinlock* 
OR 
(Distal AND Pin AND lock*) 
OR 
(mechanical AND lock*) 
 

Note: VAS = Vacuum assisted suspension VASS=Vacuum assisted suspension system. 
 
To find additional articles this study will implement additional methods to broaden the search: 

● Systematic reviews or other literature reviews will be sourced for their references as an 
additional strategy. If their references meet the criteria of this study they will be included.  

● Google scholar will be used as an additional method as it is not an independent search engine, 
the same result may not be recreated (Levay et al., 2015). PubMed will be used in the same 
manner as Google Scholar. This is a recommended method to apply, suggested by the Library 
at Jönköping University.  

● Articles recommended by other persons such as librarians, supervisors, etc. that fit the criteria 
will be included. 

 
Any additional source found by using these methods will be added to the PRISMA flow chart under 
“additional records” (Hausner & Waffenscmidth, 2021; Levay et al., 2015).  

5.3 Screening process 

The screening process starts with the two authors searching independently of each other and 
manually. The searches will be conducted identically in regards to search terms used, their structure, 
and when the search will be conducted. The search will be saved and presented in appendix 1 with all 
search parameters and results clearly shown.  
 
Articles will go through a selection process that will be presented in the PRISMA flow chart, this study 
uses the PRISMA 2020 flow diagram for new systematic reviews which included searches of 
databases and registers only flowchart (Page et al., 2021). In the first step of the process, the authors 
will select the studies that based on their headline and/or abstract will answer the research question, 
either in part or fully. The authors will independently remove duplicates from their search. The chosen 
articles will be read in their full-text version to screen for eligibility and if it answers the research 
question. Any studies removed at this stage will be documented and a reason will be presented in the 
flow diagram. Once this selection has been made the two authors meet up to compare articles. All 
articles will be discussed if they fit the eligibility criteria and answer the research question. Any studies 
removed at this stage will be documented in the flowchart with an explanation as to why. Any 
disagreement between the authors will be worked out through discussion. 

5.4 Data analysis 

The outcome measures this study will investigate are fluctuations of limb volume, balance, effect on 
gait (spatial and temporal, kinematic, and kinetic data), and in-socket movement (pistoning and 
transverse forces). To compile all evidence and make conclusions from it, studies that look into the 
same outcome measure are going to be compared, and a result will be derived from that. The data and 
outcome measures in this review are too diverse to make a meta-analysis and therefore the results are 
going to be presented narratively with different headlines for the different outcome measures. To be 
able to structurally analyze the different data types a table is going to be used to easily structure the 
different outcomes to matching data types and validate these together with the article's quality (Bennet 
et al., 2017; Hoffman & Buchan., 2017; SBU, 2020). 
 
 
To be able to quality assess the studies an important first step is to get an idea of which type of study 
design the articles have been used to give a fair judgment. The templates from Statens beredning för 
medicinsk och social utvärdering (SBU) (Granskningsmallar och checklistor för bedömning av 
studier) that are going to be used for the quality assessment in this study base their questions on the 
study design of the article and have different templates for different study designs (A, B and C). To be 
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able to decide the articles study design in an objective and transparent way, a template from Grimes & 
Schulz. (2002) is going to be used (Figure 1). 
 
 

Figure 1 
 
Study design chart 

 
Note: Taken from Grimes & Schulz. (2002). 

5.4.1 Quality assessment 

SBU base their grading tools on methods developed and published by Cochrane Collaboration and 
GRADE. They have developed the SBU book of methods to write a systematic review based on robust 
evidence of high quality with different types of studies. Furthermore, they have several available 
documents that can be used to critically appraise articles. This review will use the resources provided 
by SBU in the structure of the study and the critical appraisal (Del Mar et al., 2017; Hoffman & 
Buchan, 2017; Hoffmann et al., 2017; SBU, 2020). The articles in this review will be critically 
appraised using SBUs’ templates Granskningsmallar och checklistor för bedömning av studier, which 
are divided into three separate parts, internal validity, external validity and precision. The three parts 
have a point system for each question that is summarized for each part for a definitive result to support 
the decision of the quality assessment (Appendix 2) (Ahlström et al., 2007). 
The evaluation and critical appraisal of the articles are going to be made individually by the two 
authors and then compared and discussed. Any possible differences will be discussed until a 
conclusion is reached. Studies with higher quality will be given more weight than the ones with lower 
quality.  
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5.4.1.1 Internal validity 

Bias is a systematic variation or error in the study design. Bias can lead to overestimation or 
underestimation of effects, which leads to inaccurate results (SBU, 2020). The articles in this review 
will be critically appraised using SBUs’ templates, (Granskningsmallar och checklistor för bedömning 
av studier) The templates examine several different types of bias such as selection and detection bias 
by several targeted questions that are based on the study design (Ahlström, et al., 2007). 
 
Confounding factors are factors of interest that may cause errors in the interpretation of what may be 

an accurate measurement. This study will investigate to which extent confounding factors have 

affected each study by using SBUs templates (Granskningsmallar och checklistor för bedömning av 

studier). The results will be presented in a table under results (Ahlström et al., 2007; SBU, 2020). 

5.4.1.2 External validity  

External validity measures the ability and to what extent the study can be generalized and 

representative of the whole population. Lack of external validity will make the study unable to be 

applied to other groups than the group in the specific study (SBU, 2020). 

 

This study will use the template (Granskningsmallar och checklistor för bedömning av studier), by 

SBU to assess the external validity of a study. An important aspect in appraising the article's external 

validity is to assess the eligibility criteria of the study and to investigate, for example, the clarity and 

reasons for exclusion criteria and if it is clearly defined which subjects or population the studies are 

investigating (Forsberg & Wengström, 2013). External validity should generally be at the same level as 

internal validity (SBU, 2020; Schünemann et al., 2013). 

5.4.1.3 Precision  

Precision is the weighted result of the confidence interval around the assessment of the effect. The 

more narrow the confidence interval is, the better precision the study has. Even if the confidence 

interval is narrow, the precision can be lowered by low participation or too few events. If the study is 

imprecise, the results of the study are uncertain and the quality of the evidence is lowered. This study 

will use the template Granskningsmallar och checklistor för bedömning av studier, by SBU to assess 

the precision of a study (Ahlström et al., 2007). 

5.4.1.4 Ethical considerations 

This review uses only existing research and its data, thus there is no need for ethical approval for this 

study. However, this review will only include articles that have been ethically reviewed and approved 

by an ethical committee or other frameworks where the ethical considerations have been carefully 

considered to protect participants to perform ethical studies. In the conduct of research, no foreseeable 

risk to the participant should exist whether it be physical, psychological, or social (Forsberg & 

Wengström, 2013; Stanley & Mclaren, 2007). 

 

To be able to act professionally and avoid research misconduct in this literature review, all articles will 

be presented, whether it supports any previous hypotheses or not. The method and results will be well 

presented, explanatory, and structured to easily be followed by the reader and to be able to be 

repeatable and comprehensible. No unauthorized use of the research result from other studies will be 

handled and fair judgment of other research will be conducted. This review will be objective and not 

made in an act of personal interest and will be free from manipulation and external influence 

(Vetenskapsrådets Expertgrupp För Etik, 2017). 
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6. Result 

6.1 Study selection  

During the search 148 records were found over the three databases, (Figure 2). The records were 

screened to match with the research question and eligibility criteria and 69 records were removed. Out 

of the remaining 79 records, 3 were sought for retrieval by the help of Jönköping Library but were 

determined to not match the eligibility criteria or the research question and were excluded after 

retrieval. 76 articles were assessed for eligibility and relevance by the two authors. 32 articles were 

excluded due to not being relevant for the study's aim or research question, and 31 duplicates were 

removed. That resulted in 13 records. No additional records were identified. Figure 2 presents the 

PRISMA flowchart of the search and Table 3 shows the chosen studies and their characteristics.  
 

Figure 2 
 
Prisma flowchart 
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Note: * not relevant refers to articles that do not specify any of the suspension methods used, 
only has a qualitative methodology or does not research any of the specified outcome 
measures of this study (Page et al., 2021). 

Table 3 

 

Articles characteristics 

Study Country of origin Study design Number of 
participants 

Intervention
/control 

Abu Osman et al. 
(2017) 

Canada Observational 
Cohort study 

10 Pin/lock 

Brzostowski et al. 
(2019) 

USA Randomized 
controlled trial 

15 (12) Pin/lock 

Burçak et al. (2021) Turkey Controlled trial 
without 
randomization 

54 (24 TT) EVS 

Darter et al. (2016) USA Controlled Clinical 
trial 

10 EVS 

Eshraghi et al. 
(2014) 

Malaysia Controlled clinical 
trial without 
randomization 

15 (13) Pin/Lock 

Gholizadeh et al 
(2014a) 

Malaysia  Controlled clinical 
trial without 
randomization 

10 Pin/Lock 

Gholizadeh et al 
(2020) 

Canada Randomized 
controlled trial  

12 EVS 

Gholizadeh et al 
(2022) 

Canada Randomized 
controlled trial 

12 EVS 

Samitier et al. (2016) Spain Controlled clinical 
trial without 
randomization 

16 EVS 

Xu et al. (2017a) China, USA, Taiwan Controlled trial 
without 
randomization 

18 (9 
amputee 9 
able bodies) 

EVS 

Xu et al. (2017b) China, USA, Taiwan Cross sectional study 18 (9 
amputee 9 
able bodies) 

EVS 

Youngblood et al 
(2019) 

USA Controlled trial 
without 
randomization 

13 EVS/pin-
lock 

Youngblood et al 
(2020) 

USA Controlled trial 
without 
randomization 

12 EVS 
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Note: the characteristics of each article with the main author, countries, the study design, 

number of participants and what intervention or control they used. EVS = Elevated vacuum 

suspension, TT=transtibial, USA=United states of America. 

6.2 Quality assessment  

In the quality assessment different templates have been used based on the study design, (Appendix 2). 

The templates do differ somewhat in between, and the results are presented based on what template 

has been used. For each template there is a score and color that shows what quality the study has in its 

external validity, internal validity and precision.  

6.2.1 Template A 

External validity: 

Green: Clear or probable external validity (0-1) 

Yellow: Uncertain external external validity (2-3) 

Red: External validity cannot be assessed (>3) 

 

Internal Validity 

Green: Excellent or good internal validity (0-4) 

Yellow: Acceptable or Uncertain external validity (5-10) 

Red: Uninformative due to flawed internal validity (>10) 

 

Precision 

Green: Premeditated and sufficient study size (0-1) 

Yellow: Study size of uncertain adequacy (2-3) 

Red: Probably underpowered study (>3) 

 

Table 4 

 

Quality assessment of Randomized controlled trials 

Main Author Study design External validity Internal validity Precision 

Brzozowski et al. 
(2019) 

Randomized 
controlled trial 

3 15 3 

Gholizadeh et al. 
(2020) 

Randomized 
controlled trial 

1 19 5 

Gholizadeh et al. 
(2022) 

Randomized 
controlled trial 

9  16 5 

Note: quality assessment for all studies identified to be graded with template A. 

6.2.2 Template B 

 

External validity: 

Green: Clear or probable external validity (0-1) 

Yellow: Uncertain external external validity (2-3) 

Red: External validity cannot be assessed (>3) 

 

Internal Validity: 

Green: Excellent or good internal validity (0-3) 
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Yellow: Acceptable or Uncertain external validity (4-9) 

Red: Uninformative due to flawed internal validity (>9) 

 

Precision: 

Green: Premeditated and sufficient study size (0-1) 

Yellow: Study size of uncertain adequacy (2-3) 

Red: Probably underpowered study (>3) 

 

Table 5 

 

Quality assessment of non-randomized controlled trials 

Main author Study Design External Validity Internal Validity Precision 

Abu Osman et al. 
(2017) 

Controlled trial 
without 
randomization 

3 14 3 

Burçak et al. 
(2019) 

Controlled trial 
without 
randomization 

4 9 3 

Darter et al. 
(2016) 

Controlled trial 
without 
randomization 

4 8 3 

Eshraghi et al. 
(2014) 

Controlled trial 
without 
randomization 

2 6 3 

Gholizadeh et al. 
(2014a) 

Controlled trial 
without 
randomization 

3 11 3 

Samitier et al. 
(2016) 

Controlled trial 
without 
randomization 

0 6 4 

Xu et al. (2017a) Controlled trial 
without 
randomization 

4 12 5 

Youngblood et al. 
(2019) 

Controlled trial 
without 
randomization 

0 12 3 

Youngblood et al. 
(2020) 

Controlled trial 
without 
randomization 

2 11 3 

 Note: the quality assessment of all studies identified to be graded with template B.  

6.2.3 Template C 

 

External validity: 

Green: Clear or probable external validity (0-1) 

Yellow: Uncertain external external validity (2-3) 

Red: External validity cannot be assessed (>3) 
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Internal Validity 

Green: Excellent or good internal validity (0-3) 

Yellow: Acceptable or Uncertain external validity (4-8) 

Red: Uninformative due to flawed internal validity (>8) 

 

Precision 

Green: Premeditated and sufficient study size (0-1) 

Yellow: Study size of uncertain adequacy (2-3) 

Red: Probably underpowered study (>3) 

 

Table 6 

 

Quality assessment of  Cross-sectional study 

Main author Study design External validity Internal validity Precision 

Xu et al. (2017b) Cross sectional 
study 

2 9 5 

Note: the quality assessment of the study that qualified to be assessed by template C.  

6.3 Results of the interventions 

Several of the studies used in this review investigated more than one outcome measure of interest. 

Table 7 gives an oversight of the studies intervention or control, their outcome measures and what 

method was used to capture the data.  
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Table 7 

 

Studies intervention/control, method and outcomes investigated.  

Study Interventio
n/control 

Method  Outcome 1 Outcome 2 Outcome 3 

Abu Osman et 
al. (2017) 

Pin/lock Tensile testing 
machine and 
photographically 

Pistoning   

Brzostowski et 
al. (2019) 

Pin/lock Electrodes with a 
portable 
bioimpedance 
analyzer 

Limb 
volume 
fluctuation 

  

Burçak et al. 
(2021) 

EVS 6MWT Temporal & 
Spatial 

  

Darter et al. 
(2016) 

EVS Digital video 
fluoroscopy 

Pistoning   

Eshraghi et al. 
(2014) 

Pin/Lock Vicon 612 motion 
system 

Pistoning Kinematics Kinetics 

Gholizadeh et 
al. (2014a) 

Pin/Lock Vicon 612 motion 
system 

Temporal & 
Spatial 

Kinematics Kinetics 

Gholizadeh et 
al. (2020) 

EVS CAREN Extended 
System and vicon 
612 motion 
system 

Temporal & 
Spatial 
 

Kinematic Kinetic 

Gholizadeh et 
al. (2022) 

EVS CAREN Extended 
System 

Kinematics   

Samitier et al. 
(2016) 

EVS BBS, FSST, TUG 
and 6MWT 

Balance Temporal & 
Spatial 

 

Xu et al. 
(2017a) 

EVS Vicon motion 
system 

Temporal & 
spatial 

Kinematic Kinetic 

Xu et al. 
(2017b) 

EVS Previously 
collected data 

Kinetic   

Youngblood et 
al. (2019) 

EVS and 
pin-lock 

Electrodes with a 
portable 
bioimpedance 
analyzer 

Limb 
volume 
fluctuation 

  

Youngblood et 
al. (2020) 

EVS Electrodes with a 
portable 
bioimpedance 
analyzer 

Limb 
volume 
fluctuation 

  

Note: the studies main author, the intervention and/or control they investigated, what 

method they employed to capture the data and what outcome measures they investigated.  
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6.3.1 Limb volume fluctuation 

Three studies were found during the search that measured limb volume fluctuation Youngblood et al. 

(2019), Youngblood et al. (2020) and Brzostowski et al. (2019). Youngblood et al. (2019) and  

Brzostowski et al. (2019) measured limb volume fluctuation in pin-lock and Youngblood et al. (2020) 

measured the outcome in EVS. All 3 articles defined and analyzed the limb volume fluctuation the 

same way (Table 7). 

In Youngblood et al. (2019) the result from PVS and EVS was presented together and the data for EVS 

cannot be retrieved. 7 participants benefited (a beneficial results means maintaining the limb volume 

better in the experimental session than in the control sessions) from doffing the prosthesis in the short 

term (1,5h) and 6 participants in long-term (3,5h) when having a pin-lock suspension. 2 participants 

had no effect both in short-term and long term and one participant did detriment from doffing the 

prosthesis in the long-term in aspect to manage limb volume change. The article has not stated if the 

result is statistically significant or not. 

The study found that the limb volume fluctuated more in early stages of activity (cycle 1) but stabilized 

as the participants continued with the activity and tests (cycle 3). This is a statistically significant 

difference (p<0,001) in the rate of limb volume loss in the early stages of activity (cycle 1), which was 

high, compared to the later stages of activity (cycle 3), which was low (Youngblood et al., 2019) 

The conclusion was that intermittent doffing may result in a more stable residual limb volume for pin-

lock suspension users and may be an alternative to adding socks in the socket. Also that high activity 

may cause less limb volume loss then low activity (Youngblood et al., 2019) 

Youngblood et al. (2020) reports that there were no significant differences in residual limb fluid 

volume change between EVS and PVS between different activity types (walking, standing and sitting). 

However, EVS had the largest fluctuation in the second activity cycle (out of  three) where the largest 

posterior limb volume loss occurred and stabilized in the final activity cycle (cycle 3). There was a 

statistical significant difference between the two cycles (p=0.014) EVS is shown to lose volume faster 

in the anterior region (-1.1%/h) than posteriorly (-0.9%/h).The overall limb volume increased during 

walking (+10%/h), decreased when standing (-10%/h) and was stable during sitting (0%/h). The 

article does not state if these numbers are statistically significant. The article concluded that EVS 

reduced posterior limb volume change in the final activity cycle (cycle3) compared to PVS (p=0,03) 

which may suggest that EVS are more effective in managing the limb volume fluctuation after an 

accumulation of activity, though individual differences were observed. 

Brzostowski et al. (2019) showed that in the beginning stages of the test there was a general posterior 

limb volume loss (-0.06%) and as the participants continued the test there was a posterior limb 

volume increase observed in the later stages of activity (+0.26%), the statistically significant is not 

stated by the article. The anterior side had an increase in the beginning stages of activity (+.0.04%) 

and a larger increase in the later stages of activity (+0.41%) the statistically significant is not stated by 

the article. They concluded that the limb volume was more stabilized in the short term when the socket 

was released at rest after activity, compared to the control group. At partial return of the socket 

(102%), the limb volume was more stable in the long term after the socket release (p<0,05). 

6.3.2 Balance 

There was one study that investigated balance as an outcome measure, Samitier et al. (2016) found the 

participant had a statistically significant higher score (p<0.01) on the Berg Balance scale (BBS) with an 

EVS compared to a non-EVS, indicating a better balance with the EVS. The results of the four-step 

square test (FSST) showed participants doing the test statistically significantly (p<0.01) faster with an 

EVS than with a non-EVS indicating a better limb control, balance and lower risk of falling (Table 8). 
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Samtier et al. (2016) also found that participants with a higher activity level improved their balance 

using an EVS more than participants with a lower activity level.  

Table 8 

 

Results in balance for non-EVS and EVS. 

 Tests Non-EVS EVS p-value 

Berg Balance Scale 45.75 49.06 <0.01 

Four Square Step Test 

(s) 

18.18 14.97 <0.01 

Note: the result of the Berg Balance Scale and Four-Step Square Test that was reported by the 

study by Sametier et al (2016).  

6.3.3 In socket movement 

6.3.3.1 Transverse in-socket movement 

None of the articles found had transverse force as an outcome measure. 

6.3.3.2 Pistoning 

Three studies investigated pistoning, two of them studied pin-lock suspension, Eshragi et al. (2014) 

and Abu Osman et al. (2017), and one the EVS system, Darter et al. (2016). Each of these studies used 

different methods to measure pistoning.  

Abu Osman et al. (2017) found that a pin-lock suspension had generally more pistoning than that of a 

looped liner. The pin-lock displacement during the mechanical tensile testing was lower after 180 N 

had been applied to it (0.65 +- 0.25 cm ), compared to looped liners with hooks (0.77 +- 0.37 cm). 

Darter et al. (2016) found that a PVS method resulted in more pistoning than an EVS. Participants had 

less displacement when using the EVS (p<0.0001) with 1.3 +- 0.2 cm displacement being observed in 

the EVS and 1.8 +- 0.3 cm of displacement being observed in the PVS tests. Eshragi et al. (2014) found 

that a pin-lock had more pistoning than a PVS. During the swing phase, the PVS showed 0.2 cm 

displacement whilst the pin-lock resulted in 0.49 cm displacement (p=0.002).  

6.3.4 Quality of gait 

6.3.4.1 Temporal and Spatial 

There were 5 articles that investigated this outcome measure, Burçak et al. (2021), Gholizadeh et al. 

(2014a), Gholizadeh et al. (2020), Samitier et al. (2016) and Xu et al. (2017a). All articles in this 

outcome measure investigated EVS except Gholizadeh et al. (2014a) that investigated pin-lock. 
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Both Burçak et al. (2021) and Samitier et al. (2016) found that participants walked longer distances 

with an EVS in the 6MWT than with a non-EVS. Burçak et al. (2021) found that participants using  a 

mechanical suspension system walked  367.1 meters, while participants using EVS walked 419.9 

meters (p=0.004). Samitier et al. (2016) found that participants walked a statistically significantly 

longer distance using the EVS, 321.38 meters, than the control non-EVS, 288.53 meters (p<0.01), this 

may indicate a higher velocity using an EVS than a non-EVS. Furthermore, Gholizadeh et al. (2014a) 

report a velocity on pin-lock of 0.93 m/s and Gholizadeh et al. (2020) report a velocity on EVS of 1.07 

m/s.  

 

In prosthetic users with pin-lock, the prosthetic limb generally takes longer steps than the intact limb, 

but users with EVS generally have a longer step on the intact limb. Gholizadeh et al. (2014a) presented 

a between limb difference (step length of the intact limb minus the step length of the residual limb) of 

(-8) cm for pin-lock, showing that the residual limb took longer steps than the intact limb. However, 

Gholizadeh et al. (2020) presented 3 cm between limb difference for EVS, showing longer steps taken 

on the intact limb then the residual limb. In the data presented by Xu et al. (2017a) the step length 

between limb difference is between 6.1-7.4 cm, depending on the vacuum level, showing the same 

trend as Gholizadeh et al. (2020). 

6.3.4.2 Kinematics 

There were five studies that investigated kinematic parameters, Eshraghi et al. (2014), Gholizadeh et 

al. (2014a), Gholizadeh et al. (2020), Gholizadeh et al. (2022) and Xu et al. (2017a). Eshraghi et al. 

(2014) and Gholizadeh et al. (2014a) investigated pin-lock whilst Gholizadeh et al. (2020), Gholizadeh 

et al. (2022) and Xu et al. (2017a) investigated EVS. 

 

In four of the five studies there were kinematic tables presented showing the entire gait cycle and the 

flexion and extension of the hip, knee and ankle. Two of these studies showed the values for pin-lock 

(Eshraghi et al. (2014) and Gholizadeh et al. (2014a)) and two showed for EVS (Gholizadeh et al. 

(2020) and Xu et al. (2017a)).  

The EVS results show very similar data except for hip angle at 0% of the gait cycle (GC) and 85% of GC. 

Xu et al. (2017a) measures about 40o of flexion whilst Gholizadeh et al. (2020) shows 15o, on both 

times of the GC. The two datasets of pin-lock show no large differences in their reported data.  

 

In hip ROM the results showed that participants walking with pin-lock never fully extended their hip 

during the GC, whilst the participants with EVS went into hip extension during the gait cycle and had a 

larger ROM than what was shown for pin-lock users. For knee ROM, the pin-lock suspension users flex 

their knee slightly more than the participants using EVS (Eshraghi et al., 2014; Gholizadeh et al., 

2014a; Gholizadeh et al., 2020; Xu et al., 2017a)  

6.3.4.3 Kinetic 

Five studies were found that measured Kinetic outcomes, two of the studies measured kinetics in pin-

lock, Eshraghi et al. (2014) and Gholizadeh et al. (2014a). Three measured kinetics in EVS, Xu et al. 

(2017a), Xu et al. (2017b) and Gholizadeh et al. (2020). 

 

Kinetic outcomes at the pin-lock suspension system indicates a higher impact of forces at the sound 

limb compared to the residual limb when walking. Gholizadeh et al. (2014a) reports a significant 

difference in the vertical ground reaction at first peak, where the prosthetic limb creates less force 

(104,2N) then the sound limb (121,7N) (p<0,000). Eshragi et al. (2014) found that the residual limb 

experiences higher forces when the participant is using a pin-lock suspension compared to a PVS. 

There is a statistical significant difference (p=0,000) in the first peak of vertical ground reaction force 

where the participants with pin-lock experience higher forces (126,68%BW) than those with PVS 

(104,22%BW). However, there is also a statistical significant difference (p=0,000) in the second peak 
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in horizontal ground reaction force where the participants with pin-lock experience less force on their 

residual limb (4,66%BW) than those with a PVS (9,34%BW).  

Gholizadeh et al. (2020) did not find any statistically significant results between sound limb and 

residual limb. 

Xu et al. (2017a) found a statistically significant difference at the first vertical peak GRF (p=0,035) and 

second peak vertical GRF (P=0,007) on the intact limb and residual limb in participants with an EVS, 

indicating that there are higher impact forces on the intact limb compared to the residual limb when 

walking. Xu et al. (2017b) shows that the peak anterior-posterior knee contact force (AP KCF) was 

higher in the intact limb than in the residual limb (p=0,003). They also found that the values for the 

prosthetic users' intact limb were statistically significantly higher than for able bodies (p=0,049).  

7. Discussion 

This literature review has aimed to describe the existing evidence base for EVS and pin suspension 
methods in prosthetic users with a transtibial amputation in regards to their effect on fluctuations of 
limb volume, balance, effect on gait, and in-socket movement. This review found that EVS results in 
better performance on balance tests, higher velocity and a more stable residual limb volume than other 
suspension systems. Furthermore, it was found that prosthetic users with an EVS had more normal 
values in their ROM during gait and have less pistoning.  

7.1 Discussion of the results 

In this review Youngblood et al. (2020) found limited evidence that supports that EVS users generally 
have a more stable residual limb volume after activity compared to using a PVS. This is in agreement 
with previous reviews and published literature. Young & Loshak. (2020) found that EVS may provide a 
more stable residual limb volume than non-EVS. Dewees states that users with an EVS maintain their 
residual limb volume since the vacuum prevents the fluid loss that may occur during weight bearing 
(DeWees, 2020). 

Youngblood et al. (2019) observed that donning and doffing the prosthesis during activity is a method 

to manage limb volume fluctuation for pin-lock users. Brzostowski et al. (2019) found that adjustable 

sockets are recommended to manage residual limb volume fluctuations in comparison to a non-

adjustable socket for users with pin-lock. This may indicate that by using an adjustable socket or 

donning and doffing intermittently, the residual limb volume can be stabilized whilst using a pin-lock 

suspension. This indicates that not only the suspension system has a role in keeping the limb volume 

stable. This relation between socket design and suspension method should be investigated further in 

future research. Future research should also focus on investigating residual limb volume fluctuations 

when using different suspension methods, for example comparing PVS, EVS and pin-lock to determine 

if there is a statistically or clinically significant difference between the suspension systems.  

 

This review found that prosthetic users performed better on balance tests with an EVS than a non-

EVS. Samitier et al. (2016) reported an increase in the BBS of 3.31 points from the non-EVS to the EVS 

suspension system. Although the study does report that this change is statistically significant, it does 

not prove to be within the minimal detectable change (MDC95) to determine it to be a true change. 

That would have needed to be a score of 4 or more. Thus, this review cannot say with great confidence 

that the change was due to the different suspension method (Donoghue & Stokes, 2009). 

 

The FSST showed a decrease in time between using a non-EVS and using an EVS of 3.21 seconds. The 

MDC95 has been established for persons with lower limb amputation to be 2 seconds. Thus, this study 

found a true change between using a non-EVS and an EVS. The FSST is often used as a tool to 

determine how much a person is at risk of falling and a lower number indicates a lower chance of 
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falling (Sawers et al., 2020). This might indicate that prosthetic users with an EVS are at lower risk of 

falling, though further research is needed to determine if there is such a relation.  

 

Furthermore, the results can only be applied to the group it was tried on as balance is dependent on 

several factors and might worsen with age (Konrad et al., 1999). These factors will influence the way 

that the participants perform on the BBS and FSST and there might be more noticeable differences 

than if the same test was conducted on a younger population that did not have the same balance 

related problems. The results shown in this review may not be found in the general patient population.  

 

This review's findings was also reported in Young & Loshak. (2020) and DeWees. (2020) where both 

sources state that using a EVS will improve balance in the wearer compared to using a non-EVS 

method. Further research is needed to strengthen these findings. Further studies should be conducted 

to determine the relation between balance and different suspension methods, this review could not 

find any balance data specifically on pin-lock suspension. 

 

Even though both previous published literature and studies have described EVS as a suspension 

method that will decrease in-socket movement (pistoning) compared to pin-lock system (DeWees, 

2020; Young & Loshak, 2020) This review found some evidence that indicating less pistoning in EVS 

compared to PVS and less pistoning in PVS compared to pin-lock suspension systems. It has to be 

acknowledged that none of the studies in this review directly compare EVS with pin-lock systems. 

Moreover only 3 of the 13 included studies in this review investigated pistoning.   

 

The results of temporal and spatial parameters show a trend of participants walking faster with an EVS 

than a non-EVS. For lower limb amputees, one study has determined that the MDC95 for the 6MWT is 

at 34.7-34.8 meters, the number is much higher for the individual able-bodied patient, where the 

MDC95 is determined to be 86 meters. Burçak et al. (2021) found a difference of 52.8 meters, which is 

both statistically significant and above the threshold value for the MDC95 for lower limb amputees. 

However, Samitier et al. (2016) found a difference of 32.85 meters, which was statistically significant 

but did not pass the MDC95 threshold. Thus, the change cannot be trusted to be caused by the change 

in suspension method. There is a need for further research within this area as some change can be seen 

but its clinical relevance cannot be determined by the evidence base currently available.  

 

According to recorded literature normal hip range of motion in able bodied persons will reach hip 

extension at around 50% of the GC (Whittle et al., 2012c). When looking at the results, only EVS 

reaches hip extension at this point in the GC. Thus, it can be argued that the EVS imitates a more 

“normal” gait than pin-lock. The same pattern can be seen in knee ROM during gait where pin-lock 

flexes 15 degrees more than the recorded “normal” value for able bodied and EVS flexes 10 degrees 

more than “normal values” during swing. Again, EVS are coming closer to a “normal” gait pattern than 

pin-lock (Whittle et al., 2012c). Although this pattern of coming closer to a “normal” gait pattern is 

observed, this review cannot determine if this difference is statistically or clinically significant.  

 

The observed gait deviations can cause overuse injuries in persons with a transtibial amputation 

(Farrokhi et al., 2018; Lloyd et al., 2010). This review found that there are higher impact forces and 

GRF on the intact limb that can possibly accelerate the damage. This review could not determine how 

much higher the impact forces are on the intact limb compared to the residual limb, nor if there is a 

difference between suspension systems. It can be argued that imitating a normal, symmetric gait 

would allow for less compensatory methods and minimize overuse injuries, (Farrokhi et al., 2018; 

Lloyd et al., 2010) however there is a need for further studies investigating this, both long-term and 

short-term to find if the observed kinematic and kinetic differences have a clinically relevant effect and 

the relation to suspension method. 
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7.2 Discussion of the methodological quality 

When looking at the quality assessment none of the articles had a premeditated sufficient study size 
nor an excellent or good internal validity and only 3 out of 13 articles were randomized controlled 
trials (Table 2). These limitations have also been seen to be a general problem within the prosthetic 
field according to Hafner & Sawers. (2016) who describes the difficulty of having sufficient study 
power. Many articles were uninformative, especially regarding confounding factors but also if all 
participants did complete all the tests and information about follow ups. Even though Hafner & 
Sawers. (2016) states that confounding factors are a general issue within the prosthetic field, the bias 
could have been minimized by stating that they were aware of the confounding factors and in best case 
have a solution to minimize these. The orders in which the participants conducted the tests could also 
have been in random orders in most of the cases. Blinding was seldom used and Hafner and Sawers. 
(2016) describes that it is a challenge to blind the participants as it is often obvious which intervention 
or control they are given. However, blinding could have been used more frequently on the researchers 
when analyzing the data.  

The articles included in this review have in general an unclear methodology, where they do not state all 
the steps taken and most of the articles use different methods. Few of the articles motivate the choice 
of method and do not state if their method is validated. This can be seen in articles assessing pistoning 
as video fluoroscopy is used by one article (Eshragi et al., 2014), while the other use a photographic 
method (Abu Osman et al., 2017) or a Vicon motion system (Darter et al., 2016). The articles do not 
disclose the reasoning behind the choice of the method nor if it is validated. Eshragi et al. (2014) states 
in their article that they cannot compare their findings to data of previous research as the methodology 
is too different. The articles do not always specify the suspension method used or separate them when 
they are presenting their data. Furthermore, the components of the prosthesis are not always 
presented. This is a large and common confounding factor. The studies do not always define the 
terminology that they use which inites assumption from the readers. This has been presented to be a 
general problem in the prosthetic field in the article from Hafner & Sawers. (2016). 

7.3 Limitations 

This review was limited by time, as it had to be conducted in ten weeks. This resulted in a prioritization 
done by the authors to a clear and slim focus of the review. Some outcome measures became 
prioritized by the authors to be included in the review and the quality assessment tool had to be chosen 
so it could be done in a timely manner. This results in a risk of performing an inadequate search and 
an inadequate quality assessment. The quality assessment tool may be limited by the fact that it does 
not assess each individual outcome measure of each study. Systematic reviews generally do this as 
different bias and confounding factors can be found in different outcome measures within the same 
study (SBU., 2020). This review has done an overall assessment of the whole quality of the articles. 
Articles may also have been missed due to lack of knowledge of all the terminology in the prosthetic 
field.   

7.4 Translation of evidence into clinical practice 

This review aimed to give insight to some quantitative aspects in regards to suspension method but the 

integration of qualitative and quantitative evidence base will give a more comprehensive 

understanding of the vital aspects in choosing a suspension method. Although this review has 

identified several important qualitative aspects it is vital to consider this knowledge together with the 

qualitative aspects. Evidence based practice states that evidence should be considered in combination 

with experience and the patient's preferences (Hoffmann et al., 2017). With this review, the current 

evidence base has been covered, critically appraised and discussed to give clinicians and patients the 

best understanding of the evidence possible to make an informed decision that benefits the patient.  
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8. Conclusion  

Several articles included in this review indicate that EVS results in better performance on balance 
tests, higher velocity and a more stable residual limb volume compared to other suspension methods. 
Furthermore, some of the articles suggest that prosthetic users with an EVS had more normal values in 
their ROM during gait and have less pistoning. This review also determined varied and often low 
methodological quality. For example, many of the studies did not use a randomized order nor blind the 
participants or the researchers. They did noy consider several confounding factors. This review 
concludes that further research is needed.  
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Appendix 1: Search strategy 
A first search was made with index words in Medline (called MeSh terms). This search made the result 

to include a lot of irrelevant articles and a decision was made to only use free-text words for the final 

search (Figure 3-5). 

 

Figure 3 

 

The search in Medline 

 
 
Figure 4 
 
The search in CINAHL 

 
Figure 5 
 
The search in SCOPUS 
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Appendix 2: SBU Bilaga 2: 

Granskningsmallar och checklistor för 

bedömning av studier 
The following templates are sourced from Ahlström et al. (2007).  

Section A= Template A 

Section B=Template B 

Section C=Template C 
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Appendix 3: Form for Self-Assessment of 

Ethical Issues in Degree Projects1 at the 

School of Health and Welfare 
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