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Summary 
Partial foot amputation (PFA) is a common sequel to advanced vascular disease secondary to 
diabetes and its complications but may also occur due to injury, infection, or birth defect. 
PFA affects about 2 per 1000 head of population in industrialised countries making it the 
most common type of amputation surgery. PFA is associated with a significant failure rate 
and numerous complications including skin breakdown, ulceration and equinus contracture 
which can lead to subsequent and more proximal amputation. 
 
A variety of interventions have been used to manage the partially amputated foot including 
insoles or toe fillers through to extensive prostheses that encompass the leg and remnant foot. 
These devices may serve several functions such as relieving pressure from sensitive areas or 
restoring the effective foot length.   
 
Formally evaluating how persons with PFA walk and the influence of prosthetic intervention 
is a relatively recent phenomenon. Investigations have identified a number of abnormal 
movement patterns once the ball of the foot has been affected. These movement patterns are 
consistent with the inability to generate power at the ankle joint using the calf musculature 
and restore the lost length of the foot so it can be used effectively for weight bearing. A 
number of compensatory adaptations have been observed that may be useful to spare the end 
of the residuum from high pressures, such as keeping the centre of pressure well behind the 
end of the stump until the opposite limb is on the ground when body weight can be shared 
between both limbs.  
 
Research has confirmed that prostheses in combination with footwear can relieve pressure 
from the end of the residuum and that specific designs can restore the effective foot length. 
Further investigation is needed to better understand the influence of prosthetic intervention 
and paint a more comprehensive picture of the effects of prosthetic intervention.   

Introduction 
The International Encyclopaedia of Rehabilitation aims to provide a synthesis of the ‘state-of-
the-science’ in principal areas of rehabilitation in an easily accessible internet resource for 
people with disabilities, the general public, students, health professionals and researchers. 
 
This article on partial foot prosthetics will provide an overview of the topic for those wanting 
summary information, or as a stepping stone to more detailed material. To aid navigation of 
the article, the content has been sectioned to provide background information including: 
definitions, aetiology, incidence and a description of common complications. Subsequent 
sections describe common prosthetic interventions and characterise the gait of people with 
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partial foot amputation (PFA). The later section on gait uses a range of nomenclature 
common to the analysis of human walking. To assist those not intimately familiar with gait 
nomenclature, definitions have been ‘hyper-linked’ to key terms.  

Background 

Definition and types of partial foot amputation 
PFA could be described as amputation affecting a portion of the fore, mid or hind foot, but 
does not include amputation disarticulating the ankle joint (Symes), consistent with the 
International Standards Organisation definitions (International Organisation for 
Standardisation 1989).  
 
There are numerous levels of PFA that can be described in a variety of ways. Some 
amputations are termed ‘longitudinal’ given that they affect the structure of the foot along its 
length – resection of several metatarsals or ‘rays’ would be a typical example. Other 
procedures are described as ‘transverse’ meaning that they transect a portion of the foot - a 
transmetatarsal (TMT) amputation (Figure 1a), as its name suggests, transects the metatarsals 
through their shaft.  
 
About three-quarters of all PFA involve the toe(s) and/or disarticulate the 
metatarsophalangeal joint (Figure 1a). More proximal amputations, including transmetatarsal 
(Figure 1b) or mid-tarsal amputation are performed less frequently (Australian Institute of 
Health and Welfare 2009c; Dillingham et al. 2002a; Owings and Kozak 1998). 
Tarsometatarsal and transtarsal amputations are commonly described using eponyms such as 
Lisfranc (Figure 1c) or Chopart (Figure 1d) after the surgeons who coined these procedures, 
as are Boyd and Pirogoff procedures for the hind-foot. 
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Figure 1. Schematic of various levels of partial foot amputation: (A) disarticulation of the 
metatarsophalangeal joint, (B) transmetatarsal, (C) tarsometatarsal (Lisfranc) and (D) 
transtarsal (Chopart) (D).  

C D 

Aetiology and prevalence 
PFA is an all too common sequel to advanced vascular insufficiently, usually secondary to 
diabetes and its complications (Bowker 1997; Bowker 2007; McKittrick et al. 1993; Miller et 
al. 1991; Mueller et al. 1995; Mueller et al. 1998; Sanders and Dunlap 1992). The published 
literature also includes examples of PFA as a result of trauma, limb deficiency, frostbite or 
systemic disorders such as Toxic Shock Syndrome (Dillon 2001; Greene and Cary 1982; 
Pinzur et al. 1997; Tang et al. 2004). 
 
Unfortunately, it is impossible to determine the prevalence of partial foot amputation given 
that these data tend to be reported on a national level and therefore, subject to the limitations 
imposed by the way different organisations collect and report such data. Minor amputations, 
such as those affecting the toes (Adams et al. 1999), may not be recorded.  The counting of 
amputation procedures (Australian Institute of Health and Welfare 2009c) or discharges 
(Dillingham et al. 2002a) is common, but artificially inflates the number of people living with 
amputation by about 25% given the incidence of repeat amputation (Dillingham et al. 2005; 
Sambamoorthi et al. 2006).  
 
Despite such limitations, it is possible to estimate the number of persons with PFA. Based on 
data from the Vital and Health Statistics, Ambulatory and Inpatient Procedures (Owings and 
Kozak 1998) and accounting for the increase in the population of the United States of 
America since 1996 when these data were recorded, it can be estimated that there are 
approximately 1.27 million Americans living with lower extremity amputation. More than 
618,000 persons have a PFA making the incidence about 2 per 1000 head of population 
which is similar to other industrialised nations1. PFA is nearly twice as common as either 

                                                 
1 Data from the Australian Bureau of Statistics (Australian Bureau of Statistics 2007) shows that the rate of 
amputation in persons aged 45 and over is 7 per 1000 head of population which, given that PFA accounts for 
about half of all lower extremity amputations (Australian Institute of Health and Welfare 2009c) makes the 
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transtibial (below-knee) or transfemoral (above-knee) amputation (Australian Institute of 
Health and Welfare 2009c; Owings and Kozak 1998; Reiber 2000). Given that the incidence 
of amputation are 2-3 times higher when considering groups based on race or ethnicity 
(Dillingham et al. 2002b; Gujral et al. 1993; Lavery et al. 1996) the proportion of persons 
with PFA in minority groups may be much higher. These differences may reflect the lack of 
available primary health care and preventative services (Feinglass et al. 2005; Rucker-
Whitaker et al. 2003), particularly for those living in poverty (Wachtel 2005). 
 
It has been projected that the number of persons with amputation (and presumably PFA) will 
increase as the number of older persons and those living with diabetes increases (Wild et al. 
2004; Ziegler-Graham et al. 2008).  The number of people living with limb loss in the US is 
expected to double by 2050 (Ziegler-Graham et al. 2008).  Unfortunately, these estimates are 
based on data from the mid 1990s and may not fairly account for the effects of public health 
initiatives to reduce the prevalence of limb loss. Reducing the underlying risk of limb loss 
through education and targeted foot-screening programs has been effective in reducing the 
risk of foot ulcers and subsequent amputation (Mayfield et al. 2000; Rith-Najarian and Reiber 
2000; Streine et al. 2005). More recent data from Australia (Australian Institute of Health and 
Welfare 2009b) shows that the number of lower extremity amputations performed, including 
PFA, has remained relatively constant between 2000-2007 despite a 9.7% increase in 
Australia’s population (1.86 million persons) (Australian Bureau of Statistics 2009) and a 
substantial increase in the increase of type II (63%) and type I diabetes (30%)  (Australian 
Institute of Health and Welfare 2009a) across this period. These data challenge the notion 
that the number of amputees will increase as the population grows and the incidence of 
diabetes increases. More work in this area is necessary to accurately discern the current 
trends. 

Complications  
There is considerable evidence highlighting that PFA is associated with a significant failure 
rate (Hodge et al. 1989; Lynch and Kanat 1991; Miller et al. 1991; Millstein et al. 1988; 
Mueller and Sinacore 1994; Sage et al. 1989; Sanders and Dunlap 1992) and numerous 
complications including ulceration or skin breakdown (Brand 1983; Mueller and Sinacore 
1994; Sage et al. 1989), equinus contracture (Chrzan et al. 1993; Garbalosa et al. 1996; 
Mueller and Sinacore 1994; Parziale and Hahn 1988; Sanders 1997), secondary amputation to 
a more proximal level or of the contralateral limb (Dillingham et al. 2005; Ebskov and 
Josephsen 1980) and even death (Dillingham et al. 2005; Izumi et al. 2006).  
 
The majority of persons who undergo a PFA can expect complications (Pollard et al. 2006); 
particularly when concomitant health problems such as diabetes, vascular disease, 
hypertension or end-stage renal disease are present (Pollard et al. 2006). Complications 
secondary to PFA are wide ranging.  
 
Only about half of all PFA heal uneventfully with the rates varying from 44-57% in diabetic 
populations (Pollard et al. 2006; Stone et al. 2005). These rates of healing are about 10% 
better in non-diabetic groups (Pollard et al. 2006).  Between 30-50% of persons who undergo 
PFA will experience skin breakdown (Mueller et al. 1995; Pollard et al. 2006; Sage et al. 
1989), ulceration (Santi et al. 1993), skin grafts (Mueller and Sinacore 1994; Wood et al. 
1987) or wound failure (ie., dehiscence) (Pollard et al. 2006).  

                                                                                                                                                        
incidence of PFA similar to that of the USA when you consider that most amputations occur in persons over 40 
years of age (Australian Institute of Health and Welfare 2009c). 
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These complications are often experienced in the first few months after PFA. There are 
several factors that are thought to contribute to the high incidence of skin breakdown 
including peripheral neuropathy, equinus contracture and limited joint mobility.  
 
Peripheral neuropathy is a common complication of diabetes mellitus and the vast majority 
(89%) of persons undergoing PFA show evidence of peripheral neuropathy (Sanders and 
Dunlap 1992). This neuropathy is a significant factor (Cavanagh et al. 1992) because it 
allows minor trauma to go unnoticed which may progress to skin breakdown and subsequent 
infection (Pecoraro et al. 1990). Monofilament tests have been shown to be a strong indicator 
of an insensate foot (Mueller et al. 1989) and should be considered a routine part of a clinical 
examination. 
 
Equinus contracture (Barry et al. 1993; Parziale and Hahn 1988) and limited joint range of 
motion have been associated with changes in the mechanics of walking and may cause 
localised pressure on the residuum which, in turn, can contribute to skin breakdown 
(Fernando et al. 1991; Mueller et al. 1989; Sage 2007). 
 
PFA is also associated with a high rate of subsequent amputation and mortality. While 
acknowledging the variation that exists between investigations, about 14-45% of persons who 
underwent a PFA experienced subsequent amputation surgery (Dillingham et al. 2005; 
Ebskov and Josephsen 1980; Hodge et al. 1989; McKittrick et al. 1993; Miller et al. 1991; 
Mueller et al. 1995; Mueller and Sinacore 1994; Pollard et al. 2006; Sage et al. 1989; Sanders 
and Dunlap 1992; Santi et al. 1993; Thomson et al. 2001). About two-thirds of cases involved 
surgery on the same limb and the remaining one-third on the contralateral lower limb 
(Dillingham et al. 2005). Most secondary surgeries occur within the year (Ebskov and 
Josephsen 1980; Mueller et al. 1995; Mueller and Sinacore 1994) with rates dropping sharply 
after the first month (Mueller et al. 1995). Unfortunately, about one-third of those who 
underwent an initial PFA required two or more amputation surgeries within 12 months 
(Dillingham et al. 2005). Of those who progressed to a higher amputation level, 
approximately two-thirds were at the transtibial level and one-third at the transfemoral level 
(Dillingham et al. 2005; Mueller et al. 1995; Pollard et al. 2006). A large proportion of those 
who underwent subsequent amputation surgery had some form of vascular reconstructive 
surgery within the three-months prior to PFA (Mueller et al. 1995).  
 
Of those who underwent PFA, about 15-30% died within 12 months (Dillingham et al. 2005; 
Mueller et al. 1995; Schofield et al. 2006; Stone et al. 2005). Longer-term studies show 
mortality of 16% (Mueller et al. 1995), 39% (Lee et al. 1993) and 48% (Santi et al. 1993) at 
4.5, 8 and 10 year intervals, respectively. The mortality rate of toe and PFA is lower than that 
associated with transtibial or transfemoral amputation (Izumi et al. 2006; Lee et al. 1993).  

Overview of available prostheses 

Introduction 
A variety of different interventions have been used to manage the partially amputated foot. 
As a generalisation, the extensiveness of the intervention tends to be proportional to the 
extent of tissue lost. While often not readily apparent, most devices tend to serve multiple 
functions. A device might, for example, aim to minimise the likelihood of ulceration and skin 
breakdown, restore the effective foot length and reduce pressure from the sensitive distal end 
of the residuum by redistributing body weight to other parts of the foot or even the leg.  
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The following section introduces some of the common types of prostheses used by persons 
with partial foot amputation and is designed to provide basic information about the design 
and expected function of common interventions. More comprehensive information can be 
found in a variety of texts, such as that by Condie and Bowers (2004). 

Below-ankle interventions 
Persons with amputation of some or all of the toes, or even disarticulation through the 
metatarsophalangeal joint, tend to use ‘below-ankle’ interventions. The trimlines of these 
devices remain below the malleoli and as such, they can be quite cosmetic. Common below-
ankle interventions include: insoles, toe filler, slipper sockets including silicone cosmetic 
devices (Figure 2-3). 
 
Toe fillers and insoles (Figure 2) tend to be made from various closed-cell foams and are 
often provided to fill the shoe and/or redistribute pressure away from parts of the foot that 
might be sensitive or likely to break down, such as the sole under the metatarsal heads. 
Different densities of foam are common in the one device with some areas including very soft 
materials for pressure relief (e.g., under the metatarsal heads) while other parts of the same 
device are quite stiff (e.g., under the shaft of the metatarsals and heal) with a view to 
realigning the skeletal structures and help support more of the axial load.   

 

 

 

 

 

 

Figure 2. Example of an insole with toe-filler. 
 
Some types of below-ankle interventions incorporate a socket that encapsulates the whole of 
the remnant foot. In the case of a silicone cosmetic prosthesis, the device (including the 
forefoot) is made entirely of silicone (Figure 3). Pigments are added to colour match the 
silicone and finer details are often done in-person with the prosthetist matching details to the 
other foot. These devices are donned by lubricating the residuum and easing the device on. 
Thermoplastic or laminated sockets are also commonly used and in these cases, a foam 
forefoot if often bonded to the socket and shaped to fill the shoe. On occasion, a carbon fibre 
foot plate may be bonded onto the inferior surface of the socket (and covered with foam to 
fill the shoe) with a view to restoring the effective foot length. These types of devices are 
most commonly, but not exclusively, used by persons with amputation at the transmetatarsal 
or tarsometatarsal levels. 
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Figure 3. A cosmetic silicone prosthesis (left) and a prosthesis incorporating a plastic socket 
(right) 

Above-ankle interventions 
Persons with tarsometatarsal or transtarsal amputation often use more substantiative 
interventions, such as a clamshell prosthesis or ankle foot orthoses (AFOs) such as those 
illustrated in Figures 4 and 5.  
 
An AFO is often made of either thermoplastic or carbon fibre and is typically incorporates an 
insole or toe filler as an integral part of the device. Other devices, such as the carbon fibre 
AFO illustrated in Figure 4, can be used in conjunction with a silicone cosmetic prosthesis.  
 
The AFO extends above the ankle and as such, has potential to influence motion of the joint 
depending on its design. The AFO can be designed to restriction motion given the inherent 
stiffness of the material. Parts of the material can be trimmed away from around the ankle to 
reduce its stiffness thereby permit varying degrees of movement and support. Some AFOs 
have ankle joints and can be designed to allow unrestricted ankle movement or eliminate 
motion in one direction (e.g., free plantarflexion but no dorsiflexion).  
 

 

 
 
 

 

 
 
 
 
 
Figure 4. A carbon fibre Ankle Foot Orthosis (AFO) used in conjunction with a silicone 
prosthesis. The stiffness of the strut provides resistance to the leg as it progresses forward 
over the stance foot.   
 
The socket of a clamshell prosthesis encompasses both the residuum as well as the leg 
eliminating motion at the ankle. (Figure 5). The socket is often made of fibre reinforced resin 
with a removable window in the side of the socket to allow the bulbous end of the stump 
through the narrow part of the socket just superior to the ankle joint (Figure 5).  The 
prosthetic forefoot is often made of relatively stiff foam or even a carbon fibre plate. Some 
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devices have been made by bonding the distal portion of a prosthetic foot, such as used by 
persons with transtibial amputation, onto the front of the socket. 
 
Given that the socket encompasses most of the leg, a large proportion of the client’s body 
weight can be redistributed away from the residuum. The extensive socket and locked ankle 
allow the moments and forces caused by walking on the device to be comfortably spread over 
the large surface area of the leg and help compensate for the atrophy and weakness of the calf 
musculature observed in persons with tarsomatatarsal and transtarsal amputation. 

 

 
 
 
 
 
 
 
 
 
 
Figure 5. A Clamshell partial foot prosthesis. The removable window allows the bulbous end 
of the residuum to pass through the narrow section just above the ankle joint. Once donned, 
the window if closed and strapped in place.  

Characterisation of PFA gait and the influence of prosthetic 
intervention 

Introduction 
This characterisation explores a range of different adaptations including: reductions in 
walking velocity in those with diabetes, reductions in the rate of work or power generation at 
the affected ankle and compensatory increases in muscle work at the hip joints. Reductions in 
ankle plantarflexion during late stance and the limited the excursion of the centre of pressure 
are illustrative examples of other adaptations typically observed in persons with PFA.  

Overview of the evidence base 
Although partial foot prostheses have been commonly used for many decades, formally 
evaluating their efficacy using research methods has only recently become a subject of 
interest. A synthesis of the available evidence was recently published by the American 
Academy of Orthotists and Prosthetists as part of the 8th State-of-Science conference into the 
biomechanics of ambulation after PFA (Dillon et al. 2007b). The review (Dillon et al. 2007a) 
appraised 28 publications from an unconstrained literature review to December 2006, 
including a dissertation (Dillon 2001) that has since been published (Dillon et al. 2008a; 
Dillon and Barker 2008). A couple of publications (Burger et al. 2009; Kanade et al. 2008) 
have emerged since this review and extend the body of literature. These have been 
synthesised into the following sections to extend and update the systematic review. 
 
Because most of what is known about the gait of persons with PFA and the influence of 
prosthetic intervention has arisen from observational studies, not experiments, there is limited 
evidence regarding the efficacy of one intervention over another (Dillon et al. 2007a). This is 
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typical for emerging areas of research because studies of effectiveness are difficult to execute 
well without observational studies that first seek to document anomalies and propose 
hypotheses that can subsequently be tested experimentally (Dillon et al. 2007a).  
 
Given this understanding, the depth of our understanding of partial foot amputee gait and the 
influence of prosthetic intervention is understandably limited. While there are ‘high’ levels of 
evidence that PFA influences multiple aspects of gait including: temperospatial parameters, 
ankle kinematics/kinetics and plantar pressures there is less confidence in the evidence 
regarding more detailed statements about exactly how these aspects of gait are affected 
(Dillon et al. 2007a). As an illustrative example, there is a ‘high’ level of evidence that PFA 
has an effect on sagittal plane ankle kinematics during gait but only a ‘low’ level of evidence 
that PFA changes the magnitude or timing of the dorsiflexion peak during stance (Dillon et al. 
2007a). The limited confidence in measures of ankle dorsiflexion arises from discrepancies 
between studies of barefoot walking (Boyd et al. 1999; Burger et al. 2009; Garbalosa et al. 
1996; Tang et al. 2004) and investigations including footwear and a prosthesis (Burger et al. 
2009; Dillon 2001; Tang et al. 2004). When footwear and a prosthesis were included in the 
experimental condition, ankle dorsiflexion was exaggerated (Burger et al. 2009; Dillon 2001; 
Tang et al. 2004). Subsequent work demonstrated that the marker sets being used in the 
footwear/prosthesis conditions were not robust to deformation of the prosthetic forefoot or 
slipping of the residuum within the prosthesis (Dillon et al. 2008b) which is why these 
measures were somewhat erroneous.  
 
There are a number of consistent methodological flaws endemic in the current body of 
literature; most due to the difficulties recruiting research subjects. For example, amputee 
cohorts tended to be quite variable in terms of time since amputation (Kelly et al. 2000; 
Mueller et al. 1998; Mueller et al. 1997a; Mueller and Strube 1997; Mueller et al. 1997b; 
Salsich and Mueller 1997), amputation level (including the number of toes amputated) (Boyd 
et al. 1999; Burnfield et al. 1998; Greene and Cary 1982; Kanade et al. 2006), age (Greene 
and Cary 1982; Mueller et al. 1997a) and involvement of the contralateral lower limb 
(Mueller et al. 1997a; Mueller and Strube 1997; Mueller et al. 1997b; Salsich and Mueller 
1997). Experimental studies often failed to match study groups to control for the influence of 
systemic disease such as diabetes (Boyd et al. 1999; Kelly et al. 2000; Mueller et al. 1998; 
Randolph et al. 2002). These shortcomings make it difficult to know whether the differences 
observed between experimental conditions reflect the intervention or merely the underlying 
disease in one of the experimental groups. 
 
Despite the limitations of our current evidence, there are a number of observations that are 
consistently reported across multiple investigations. These can be used to characterise the gait 
of persons with PFA and the influence of prosthetic intervention while acknowledging that 
more research is needed to improve the level of confidence in these observations. 

Characteristics of PFA gait and the influence of prosthetic intervention 
The following section aims to characterise the gait of persons with PFA and does so by 
describing several unique aspects of gait thought to be typical of this population including: 
reductions in walking velocity in persons with diabetes and vascular disease; changes to the 
normal excursion of the centre of pressure (CoP); reductions in power generation across the 
affected ankle and compensatory adaptations at the hip joints bilaterally; reductions in ankle 
plantarflexion during terminal stance and increases in peak forefoot pressures. Where 
necessary, adaptations thought to be characteristic of a particular level of amputation, 
intervention or underlying disease have been clearly stated. 
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Walking velocity 
Persons with PFA secondary to diabetes and peripheral vascular disease walk at about two-
thirds the speed of healthy persons without amputation (Kanade et al. 2006; Kelly et al. 2000; 
Mueller et al. 1997a; Mueller and Strube 1997; Salsich and Mueller 1997). The slower 
walking velocity so often characteristic of PFA gait is likely to be attributable to the influence 
of diabetes and other systemic disease rather than the amputation per sae. When 
appropriately matched to control for the influence of systemic disease, it appears that persons 
with PFA (and no systemic illness) walk at the same speed as their peers without amputation 
(Kanade et al. 2006; Pinzur et al. 1992). 

Changes to the centre of pressure 
Once the metatarsal heads are surgically compromised - through transmetatarsal or 
tarsometatarsal amputations  - the CoP remains well behind the end of the residuum until the 
opposite foot contacts the ground and body weight can be transferred to the unaffected limb 
(Dillon and Barker 2008; Dillon and Barker 2006a). This adaptation would be an effective 
strategy to spare the end of the residuum from the extremes of force observed during late 
stance (Dillon and Barker 2008).  The below-ankle interventions commonly provided to these 
groups have not been shown to restore the normal progression of the CoP along the length of 
the foot. 
 
It has been hypothesised that the ability of the prosthesis to restore the effective foot length 
relies on three elements: a suitably stiff forefoot capable of supporting the amputees body 
mass; a socket capable of comfortably distributing pressures caused by loading the prosthetic 
forefoot to the leg and residuum; and a relatively stiff connection between the foot and leg 
segments to help control the moments caused by loading the prosthetic forefoot (Dillon and 
Barker 2008; Dillon and Barker 2006a; Dillon et al. 2007a). Only some of the above-ankle 
interventions (eg. clamshall prostheses, Blue Rocker Toe-Off AFO) fulfil these criteria and 
have shown that the CoP was able to progress beyond the end of the residuum commensurate 
with the peak ground reaction forces (Dillon and Barker 2008; Dillon and Barker 2006a; 
Wilson 2005). 

Reductions in ankle power generation and compensatory adaptations 
Once the metatarsal heads are compromised, power generation across the affected ankle is 
virtually negligible (Burger et al. 2009; Dillon and Barker 2008; Mueller et al. 1998; Tang et 
al. 2004) irrespective or residual foot length or the type of intervention (Dillon et al. 2007a). 
Interestingly, while the below-ankle devices provided to these amputees (Burger et al. 2009; 
Dillon and Barker 2008; Mueller et al. 1998; Tang et al. 2004) allowed ankle motion, power 
generation was comparable to that observed in persons with transtarsal amputation wearing 
clamshell prostheses (Figure 5) where ankle motion was eliminated (Dillon and Barker 2008). 
It is unclear why persons with amputation proximal to the metatarsophanalgeal joint do not 
use the available plantarflexor musculature to generate power but it may be a useful means of 
avoiding localised pressure or shear force on the end of the residuum (Dillon and Barker 
2008). 
 
Reductions in ankle power generation on the prosthetic limb during late stance are 
commensurate with increased power generation across the contralateral hip (Dillon and 
Barker 2008). Similarly, increased hip power generation was also observed on the affected 
limb during early stance (Dillon and Barker 2008). This suggests that the hip joints have 
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become the primary source of power generation to compensate for the limited power 
generated across the affected ankle (Dillon and Barker 2006b). 

Reductions in ankle plantarflexion 
Reductions in ankle plantarflexion have been observed in a number of investigations when 
amputation is proximal to the metatarsophalangeal joint (Burger et al. 2009; Dillon and 
Barker 2008; Mueller et al. 1998; Tang et al. 2004). In persons using below-ankle devices, 
the normal pattern of plantarflexion motion was observed but the peak angle was greatly 
reduced. Confidence over the peak plantarflexion angle remains limited given uncertainty 
about differences in walking velocity between experimental groups (Burger et al. 2009; 
Mueller et al. 1998; Tang et al. 2004) and the robustness of the marker sets used (Burger et al. 
2009; Dillon and Barker 2008; Mueller et al. 1998; Tang et al. 2004) to capture this motion 
(Dillon et al. 2008b). 
 
In the above-ankle clamshell designs (Figure 5), the ankle is immobilized inside the 
prosthetic socket. The small motion measured in studies of gait is assumed to be from the 
prosthetic foot deflecting under load (Dillon 2001). 

Plantar pressure 
A number of investigations have observed increased peak forefoot pressures compared to the 
contralateral limb in persons with PFA (Armstrong and Lavery 1998; Garbalosa et al. 1996; 
Lavery et al. 1995; Mann et al. 1988; Mueller et al. 1997b; Randolph et al. 2002). While this 
observation is consistently reported, there is insufficient evidence to suggest that prosthetic 
intervention has an effect compared to footwear alone because only one investigation drew 
this comparison (Mueller et al. 1997b). In this investigation a number of interventions were 
tested, many at the same time, which made it impossible to determine which were effective. It 
is likely that gait adaptations, such as reducing walking speed, were also employed to 
moderate the magnitude of peak pressures.  

Clinical implications 
Our understanding of partial foot prostheses is very much in its infancy. Evidence on the 
topic isn’t yet sufficiently developed to answer a range of questions or to make strong 
recommendations about how specific individuals with PFA can best benefit from prosthetic 
intervention.  
 
As a more comprehensive body of evidence is developed, clinicians and persons with PFA 
still need to make decisions about which intervention will be less likely to result in adverse 
consequences, improve specific aspects of walking or quality of life to name just a few 
examples. The available evidence offers some guidance to help inform these decisions and an 
illustrative example can be drawn from the previous section describing changes to the gait of 
person with PFA. 
 
Clinicians routinely provide below-ankle devices that maintain ankle motion (Condie 1970; 
Heim 1994; Imler 1985; Lange 1991; Schwindt et al. 1973), which has been assumed to 
allow propulsion or ‘push off’ during late stance (Burger et al. 2009; Rubin 1984; Rubin 
1985; Rubin and Danisi 1971; Stills 1987). The synthesised evidence (Dillon et al. 2007a) 
shows that once the metatarsal heads have been amputated, power generation across the ankle 
is virtually negligible irrespective of the device fitted. Persons wearing below-ankle devices 
that were designed to allow ankle motion and preserve the ability to generate power at the 
ankle, showed no greater power generation than did persons using clamshell devices where 
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ankle motion was eliminated.  While a device that allows ankle range of motion may be 
beneficial in a range of circumstances yet to be investigated, such as descending slopes or 
rising from a chair, the evidence clearly shows that the power generated at the ankle or push-
off during gait will not be improved.  Selection of such below-ankle designs should, therefore, 
be based upon other factors such as cosmesis or the need to prevent ulceration in persons at 
high risk. Unfortunately, our understanding of some of these broader areas is similarly 
limited by the sparse number of studies.  Nevertheless, decisions about device selection 
should still be informed by the best available evidence in conjunction with the clinicians’ 
experience and expertise as well as the clients’ values (Sackett et al. 1996). 
 
While this article focuses on the evidence that exists around the influence of prosthetic 
intervention on gait, this is but one small piece of a much larger puzzle that needs to be 
completed before we can describe the effectiveness of prosthetic intervention in a complete 
way. It is important that broader considerations about the effects of prosthetic treatment, such 
as quality of life, remain part of the focus of researchers so that evidence grows in a range of 
areas related to device effectiveness.  

Conclusion 
PFA is a common consequence of advanced vascular insufficiently, usually secondary to 
diabetes and its complications, although it can occur from other causes. PFA affects about 2 
per 1000 head of population in industrialized countries making it the most common form of 
amputation surgery. PFA is associated with numerous complications such as ulceration which 
can lead to subsequent and more proximal amputation. 
 
While a variety of interventions have been used to manage the partially amputated foot, 
formally evaluating their efficacy has only recently become a subject of research interest. 
Investigations have identified a number of abnormal movement patterns consistent with the 
inability to generate power at the affected ankle joint and loss of effective foot length in many 
devices – particularly below-ankle devices. A number of compensatory adaptations have been 
observed, including increased power generation at both hip joints.  
 
The efficacy of prosthetic intervention is becoming better understood as more research is 
published. Further investigation is required to better understand the influence of prosthetic 
intervention in a number of areas so that clients and clinicians can make better informed 
decisions about treatment options. 
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Glossary  

Centre of Pressure (CoP) 
Describes a single point which represents the sum of all pressure over a particular area. This 
position of this point can be tracked through a gait cycle or with respect to a body segment 
such as the foot. In this way, it is possible to identify when and how far the CoP has travelled. 
This is know as the excursion of the CoP. 

Contralateral 
The opposite side of the body; the opposite limb. 

Dorsiflexion 
Movement at the ankle joint where the dorsum (top) of the foot moves towards the anterior 
surface of the tibia (shin). 

Experimental study 
A type of investigation in which researchers systematically manipulate the experimental 
conditions to determine whether this affects the outcome. 

Ground Reaction Force 
Force exerted by the ground on a body in contact with it. For example, a person standing on 
the ground exerts a force upon it. At the same time and equal an opposite force is exerted by 
the ground on the person.   

Kinematics 
Description of movement of body segments without regard for the cause of the movement. 

Kinetics 
Descriptions of the underlying cause of human movement including: muscle forces, torques. 

Marker set 
In the analysis of human movement, a set of markers (eg. small spheres of reflective tap) are 
attached the key landmarks on the body (eg. top of foot; ankle). Usually there are three 
markers (set) attached to each body segment. A camera system records the trajectory of these 
markers which are subsequently used to calculate angles of the limbs in relationship to one 
another; as an illustrative example.  

Moments 
Measure of the potential a force has to produce rotation at a joint.  
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Observational study 
A type of investigation whereby individuals are observed and outcomes measured without 
any intervention. 

Plantarflexion 
Movement and the ankle joint where the foot moves away from the anterior surface of the 
tibia (shin); straightening out of the ankle joint; point the foot downward. 

Plantarflexor musculature 
Muscles that cause plantarflexion movement. In lay terms, these muscles are collectively 
known as the calf muscles (soleus and gastrocnemius). 

Plantar pressure 
Pressure experienced by the sole (plantar surface) of the foot. 

Power generation 
Power is a measure of the rate at which work is done or energy is expended. Power 
generation reflects concentric muscle activity (muscle contraction where the muscle shortens 
in length). Power absorption describes eccentric muscle activity (muscle contraction where 
the muscle gets longer). 

Stance (phase) 
The period of the walking cycle when the foot is on the ground. 

Tarsometatarsal 
A partial foot amputation disarticulating the tarsometatarsal joints as described by surgeon 
Lisfranc.  

Transtarsal 
A partial foot amputation that divides the talonavicular and calcaneocubiod joints. Also 
known as a Chopart amputation after the surgeon who pioneered the procedure. 

Temperospatial 
Collective name for measures of time or duration (temporal) and distance travelled (spatial) 
as part of human walking. A ‘step’ for example is a measure of distance covered by 
successive foot placements. 

Walking velocity 
Measure of the speed of walking. 

References 
Adams P, Hendershot G, Marano M. 1999. Current estimates from the National Health 

Interview Survey 1996. US Department of Health and Human Services. National 
Centre for Health Statistics. Centres for Disease Control and Prevention. 

Armstrong DG, Lavery LA. 1998. Plantar pressures are higher in diabetic patients following 
partial foot amputation. Ostomy Wound Management 44(3):30-2. 

 -14-  



Australian Bureau of Statistics. 2007. Australian Social Trends 2007 - Diabetes mellitus. 
Australian Bureau of Statistics Report nr 4102.0. 

Australian Bureau of Statistics. 2009. Australian Historical Population Statistics 2008. 
Canberra. 

Australian Institute of Health and Welfare. 2009a. Insulin-treated diabetes in Australia 2000-
2007. Canberra. 

Australian Institute of Health and Welfare. 2009b. Interactive National Hospital Data - 
Procedures Data Cubes. 

Australian Institute of Health and Welfare. 2009c. Interactive National Hospital Data - 
Procedures Data Cubes 2006-2007. 

Barry D, Sabacinski K, Habershaw G, Giurini J, Chrzan J. 1993. Tendo Achillis procedures 
for chronic ulcerations in diabetic patients with transmetatarsal amputations. Journal 
of the American Podiatric Medical Association 83(2):96-100. 

Bowker J. 1997. Partial foot amputations and disarticulations. Foot Ankle Clinics North 
America 2:153-170. 

Bowker J. 2007. Partial foot amputations and disarticulations: Surgical aspects. Journal of 
Prosthetics and Orthotics 19:62-76. 

Boyd LA, Rao SS, Burnfield JM, Mulroy SJ, Perry J. 1999. Forefoot rocker mechanisms in 
individuals with partial foot amputation. In: Proceedings of the Clinical Gait and 
Movement Analysis Society; 1999 Mar 10-13; Dallas, Texas. Clinical Gait and 
Movement Analysis Society; 1999. p. 144. 

Brand P. 1983. The diabetic foot. In: M. E, Ridkin E, editors. Diebetes Mellitus Theory and 
Practice. New York: Medical Examination Publishing Co. Inc. p. 829-849. 

Burger H, Erzar D, Maver T, Olensek A, Cikajlo I, Matjacic Z. 2009. Biomechanics of 
walking with silicone prosthesis after midtarsal (Chopart) disarticulation. Clinical 
Biomechanics 24:510-516. 

Burnfield JM, Boyd LA, Rao SS, Mulroy SJ, Perry J. The effect of partial foot amputation on 
sound limb loading force during barefoot walking; 1998 April 15-18; San Diego, CA. 
Gait Posture p. 178-9. 

Cavanagh P, Derrr J, Ulbrecht J, Maser R, Orchard T. 1992. Problems in gait and posture in 
neuropathic patients with insulin-dependent diabetes mellitus. Diabetic Medicine 
9:469-74. 

Chrzan JS, Giurini JM, Hurchik JM. 1993. A biomechanical model for the transmetatarsal 
amputation. [erratum appears in Journal of the American Podiatric Medical 
Association 83(4):180]. Journal of the American Podiatric Medical Association 
83(2):82-6. 

Condie D, Bowers R. 2004. Amputations and disarticulations within the foot: prosthetic 
management. In: Smith D, Michael J, Bowker J, editors. Atlas of amputations and 

 -15-  



limb deficiencies: surgical, prosthetic and rehabilitation principles. 3rd ed. Rosemount, 
(IL): American Acedemy of Orthopaedic Surgeons. p. 449-457. 

Condie DN. 1970. Biomechanics of the partial-foot amputations. London: Edward Arnold 
Publishers Ltd. p. 149-160. 

Dillingham T, Pezzin L, MacKenzie E. 2002a. Limb amputation and limb deficiency: 
epidemiology and recent trends in the United States. Southern Medical Journal 
95(8):875-883. 

Dillingham T, Pezzin L, MacKenzie E. 2002b. Racial differences in the incidence of limb 
loss secondary to peripheral vascular disease: a population based study. Archives of 
Physical Medicine and Rehabilitation 83:1252-7. 

Dillingham T, Pezzin L, Shore A. 2005. Reamputation, mortality and health care costs among 
persons with dysvascular lower-limb amputation. Archives of Physical Medicine and 
Rehabilitation 86:480-486. 

Dillon M, Barker T, Pettet G. 2008a. Effect of inaccuracies in anthropometric data and 
linked-segment inverse dynamic modeling on kinetics of gait in persons with partial 
foot amputation. Journal of Rehabilitation Research and Development 45(9):1317-
1134. 

Dillon M, Fatone S, Hansen A. 2008b. Influence of marker models on ankle kinematics in 
persons with partial foot amputation: an investigation using a mechanical model. 
Journal of Rehabilitation Research and Development 45(4):567-576. 

Dillon MP. 2001. Biomechanical Models for the Analysis of Partial Foot Amputee Gait [PhD 
thesis.]. Brisbane (Australia): Queensland University of Technology. 337 p. 

Dillon MP, Barker T. 2008. Comparison of gait of persons with partial foot amputation 
wearing prosthesis to matched control group: an observational study. Journal of 
Rehabilitation Research and Development 45(9):1335-1342. 

Dillon MP, Barker TM. 2006a. Can partial foot prostheses effectively restore foot length? 
Prosthetics & Orthotics International 30(1):17-23. 

Dillon MP, Barker TM. 2006b. Preservation of residual foot length in partial foot amputation: 
a biomechanical analysis. Foot & Ankle International 27(2):110-6. 

Dillon MP, Fatone S, Hodge MC. 2007a. Biomechanics of ambulation after partial foot 
amputation: a systematic literature review. Journal of Prosthetics and Orthotics 
19(8(proceedings)):2-61. 

Dillon MP, Fatone S, Hodge MC. 2007b. Biomechanics of ambulation after partial foot 
amputation: a systematic literature review. In: Michael J, editor. Chiago (IL): 
American Academy of Orthotists and Prosthetists. p. 2-61. 

Ebskov B, Josephsen P. 1980. Incidence of reamputation and death after gangrene of the 
lower extremity. Prosthetics & Orthotics International 4:77-80. 

 -16-  



Feinglass J, Rucker-Whitaker C, Lindquist L, McCarthy W, Pearce W. 2005. Racial 
differences in primary and repeated lower-extremity amputation: results from a 
multihospital study. Journal Vascular Surgery 41:823-9. 

Fernando D, Masson E, Veves A, Boulton A. 1991. Relationship of limited joint mobility to 
abnormal foot pressure and diabetic foot ulceration. Diabetes Care 14:8-11. 

Garbalosa JC, Cavanagh PR, Wu G, Ulbrecht JS, Becker MB, Alexander IJ, Campbell JH. 
1996. Foot function in diabetic patients after partial amputation. Foot & Ankle 
International 17(1):43-8. 

Greene WB, Cary JM. 1982. Partial foot amputations in children. A comparison of several 
types with the Syme amputation. Journal Bone and Joint Surgery (American) 
64(3):438-43. 

Gujral J, McNally P, O'Malley B, Burden A. 1993. Ethnic differences in the incidence of 
lower-extremity amputation secondary to diabetes mellitus. Diabetic Medicine 
10:271-4. 

Heim M. 1994. A new orthotic device for Chopart amputees. Orthopaedic Review 23(3):249-
52. 

Hodge MJ, Peters TG, Efird WG. 1989. Amputation of the distal portion of the foot. Southern 
Medicial Journal 82:1138-1142. 

Imler CD. 1985. Imler partial foot prosthesis IPFP - "The Chicago Boot". Orthotics and 
Prosthetics 39(3):53-56. 

International Organisation for Standardisation. 1989. ISO 8549-2:Prosthetics and orthotics-
Vocabulary, Part 2: Terms relating to external limb prostheses and wearers of these 
prostheses. Geneva. 

Izumi Y, Satterfield K, Lee S, Harkless LB. 2006. Risk of reamputation in diabetic patients 
stratified by limb and level of amputation: a 10-year observation. Diabetes Care 
29(3):566-70. 

Kanade R, Van Deursen R, Harding K, Price P. 2008. Invesigation of standing balance in 
patients with diabetic neuropathy at different stages of foot complications. Clinical 
Biomechanics 23:1183-1191. 

Kanade RV, van Deursen RWM, Harding K, Price P. 2006. Walking performance in people 
with diabetic neuropathy: benefits and threats. Diabetologia 49(8):1747-54. 

Kelly VE, Mueller MJ, Sinacore DR. 2000. Timing of peak plantar pressure during the stance 
phase of walking: a study of patients with diabetes mellitus and transmetatarsal 
amputation. Journal of the American Podiatric Medical Association 90(1):18-23. 

Lange LR. 1991. The Lange silicone partial foot prosthesis. Journal of Prosthetics & 
Orthotics 4(1):56-61. 

 -17-  



Lavery L, Ashry H, van Houtum W, Pugh J, Harkless L, Basu S. 1996. Variation in the 
incidence and proportion of diabetes-related amputations in minorities. Diabetes Care 
19:48-52. 

Lavery LA, Lavery DC, Quebedeax-Farnham TL. 1995. Increased foot pressures after great 
toe amputation in diabetes. Diabetes Care 18(11):1460-2. 

Lee J, Lu M, Lee V, Russell D, Bahr C, Lee E. 1993. Lower-extremity amputation: incidence, 
risk factors and mortaility in the Oklahoma Indian Diabetes study. Diabetes Care 
42:876-82. 

Lynch T, Kanat I. 1991. Transmetatarsal amputation: a literature review and case study. 
Journal of the American Podiatric Medical Association 81:540-544. 

Mann RA, Poppen NK, O'Konski M. 1988. Amputation of the great toe. A clinical and 
biomechanical study. Clinical Orthopaedics & Related Research(226):192-205. 

Mayfield J, Reiber G, Nelson R, Greene T. 2000. Do foot examinations reduce the risk of 
diabetic amputation? Journal of Family Practice 49:499-504. 

McKittrick LS, McKittrick JB, Risley TS. 1993. Transmetatarsal amputation for infection or 
gangrene in patients with diabetes mellitus. Journal American Podiatric Medical 
Association 83:62-78. 

Miller N, Dardik H, Wolodiger F, Pecoraro J, Kahn M, Ibrahim IM, Sussman B. 1991. 
Transmetatarsal amputation: the role of adjunctive revascularization. Journal of 
Vascular Surgery 13(5):705-11. 

Millstein SG, McCowan SA, Hunter GA. 1988. Traumatic partial foot amputations in adults. 
A long-term review. Journal of Bone & Joint Surgery - British Volume 70(2):251-4. 

Mueller M, Allen B, Sinacore D. 1995. Incidence of skin breakdown and higher amputation 
after transmetatarsal amputation: implications for rehabilitation. Archives of Physical 
Medicine and Rehabilitation 76(1):50-4. 

Mueller M, Sinacore D. 1994. Rehabilitation factors following transmetatarsal amputation. 
Physical Therapy 74(11):1027-33. 

Mueller MJ, Diamond JE, Delitto A, Sinacore DR. 1989. Insensitivity, limited joint mobility 
and plantar ulcers in patients with diabetes mellitus. Physical Therapy 69:453-462. 

Mueller MJ, Salsich GB, Bastian AJ. 1998. Differences in the gait characteristics of people 
with diabetes and transmetatarsal amputation compared with age-matched controls. 
Gait and Posture 7:200-206. 

Mueller MJ, Salsich GB, Strube MJ. 1997a. Functional limitations in patients with diabetes 
and transmetatarsal amputations. Physical Therapy 77(9):937-43. 

Mueller MJ, Strube MJ. 1997. Therapeutic footwear: enhanced function in people with 
diabetes and transmetatarsal amputation. Archives of Physical Medicine and 
Rehabilitation 78(9):952-6. 

 -18-  



Mueller MJ, Strube MJ, Allen BT. 1997b. Therapeutic footwear can reduce plantar pressures 
in patients with diabetes and transmetatarsal amputation. Diabetes Care 20(4):637-41. 

Owings M, Kozak L. 1998. Ambulatory and inpatient procedures in the United States, 1996. 
Vital Health Statistics, Series 13 13(139):1-119. 

Parziale JR, Hahn KA. 1988. Functional considerations in partial foot amputations. 
Orthopaedic Review 17(3):262-6. 

Pecoraro RE, Reiber GE, Burgess EM. 1990. Pathways to diabetic limb amputation: basis for 
prevention. Diabetes Care 13:513-520*. 

Pinzur MS, Gold J, Schwartz D, Gross N. 1992. Energy demands for walking in dysvascular 
amputees as related to the level of amputation. Orthopedics 15(9):1033-6; discussion 
1036-7. 

Pinzur MS, Wolf B, Havey RM. 1997. Walking pattern of midfoot and ankle disarticulation 
amputees. Foot & Ankle International 18(10):635-8. 

Pollard J, Hamilton GA, Rush SM, Ford LA. 2006. Mortality and morbidity after 
transmetatarsal amputation: retrospective review of 101 cases. Journal of Foot & 
Ankle Surgery 45(2):91-7. 

Randolph AL, Tin WW, Abayev B. 2002. Foot pressures after great toe amputation in 
diabetic patients: a pilot study (abstract). Archives of Physical Medicine and 
Rehabilitation 83:1683. 

Reiber G. 2000. Epidemiology and health care costs of diabetic foot problems. The Diabetic 
Foot: Medical and Surgical Management. Totwa, NJ: Humana Press. p 35-58. 

Rith-Najarian S, Reiber G. 2000. Prevention of foot problems in persons with diabetes. 
Journal Family Practice 49(11 Suppl):S30-9. 

Rubin G. 1984. The partial foot amputation. Journal of the American Podiatry Association 
74(10):518-22. 

Rubin G. 1985. Indications for variants of the partial foot prosthesis. Orthopedic Reviews 
14:688-695. 

Rubin GR, Danisi M. 1971. A functional chopart prosthesis. Bulletin Prosthetics Research 
8:149-152. 

Rucker-Whitaker C, Feinglass J, Pearce W. 2003. Explaining racial variation in lower 
extremity amputation: a 5 year retrospective claims data and medical record review at 
an urban teaching hospital. Archives of Surgery 138:1347-51. 

Sackett D, Rosenberg W, Gray J, Haynes R, Richardson W. 1996. Evidence based medicine: 
what it is and what it isn't. British Medical Journal 312(7023):71-72. 

Sage R. 2007. Biomechanics of ampulation after partial foot amputation: prevention and 
management of reulceration. Journal of Prosthetics and Orthotics 19(8 
(Proceedings)):77-79. 

 -19-  



Sage R, Pinzur MS, Cronin R, Preuss HF, Osterman H. 1989. Complications following 
midfoot amputation in neuropathic and dysvascular feet. Journal of the American 
Podiatric Medical Association 79(6):277-80. 

Salsich GB, Mueller MJ. 1997. Relationships between measures of function, strength and 
walking speed in patients with diabetes and transmetatarsal amputation. Clinical 
Rehabilitation 11(1):60-7. 

Sambamoorthi U, Tseng C, Rajan M, Anjali T, Findley P, Pogach L. 2006. Initial 
nontraumatic lower-extremity amputations among veterans with diabetes. Medical 
Care 44(8):779-787. 

Sanders LJ. 1997. Transmetatarsal and midfoot amputations. Clinics in Podiatric Medicine 
and Surgery 14(4):741-62. 

Sanders LJ, Dunlap G. 1992. Transmetatarsal amputation. A successful approach to limb 
salvage. Journal of the American Podiatric Medical Association 82(3):129-35. 

Santi MD, Thoma BJ, Chambers RB. 1993. Survivorship of healed partial foot amputations 
in dysvascular patients. Clinical Orthopaedics & Related Research(292):245-9. 

Schofield C, Libby G, Brennan G, MacAlpine R, Morris A, Leese G. 2006. Mortality and 
hospitalization in patients after amputation. Diabetes Care 29(10):2252-2256. 

Schwindt CD, Lulloff RS, Rogers SC. 1973. Transmetatarsal amputations. Orthopedic 
Clinics of North America 4:31-41*. 

Soberberg B, Wykman A, Schaarschuch R, Person B. 2001. Partial foot amputations. 
Helsinborg: AB Boktryck. 

Stills M. 1987. Partial foot prostheses/orthoses. Clinical Prosthetics and Orthotics 12:14-18. 

Stone PA, Back MR, Armstrong PA, Flaherty SK, Keeling WB, Johnson BL, Shames ML, 
Bandyk DF. 2005. Midfoot amputations expand limb salvage rates for diabetic foot 
infections. Annals of Vascular Surgery 19(6):805-11. 

Streine T, Okoro C, Chapman D, Beckles G, Nalluz L, Mokdad A. 2005. The impact of 
formal diabetes education on the preventive health practices and behaviours of 
persons with type 2 diabetes. Preventative Medicine 41:79-84. 

Tang SFT, Chen CPC, Chen MJL, Chen W-P, Leong C-P, Chu N-K. 2004. Transmetatarsal 
amputation prosthesis with carbon-fiber plate: enhanced gait function. American 
Journal Physical Medicine and Rehabilitation 83(2):124-30. 

Thomson S, Perkins J, Magee T, Galland R. 2001. Transmetatarsal amputations: an 8 year 
experience. Annuals of the Royal College of Surgeons England 83:164-166. 

Wachtel M. 2005. Family poverty accounts for difference in lower-extremity amputation 
rates in minorities 50 years old or move with diabetes. Journal of the National 
Medical Association 97:334-8. 

 -20-  



 -21-  

Wild S, Roglic G, Greene A, Sicree R, King H. 2004. Global prevelance of diabetes. Diabetes 
Care 27:1047-1053. 

Wilson EJ. 2005. Restoring Centre of Pressure Excursion in Partial Foot Amputees using 
ToeOFF-style Orthoses Bundoora: La Trobe University. 

Wood MR, Hunter GA, Millstein SG. 1987. The value of stump split skin grafting following 
amputation for trauma in adult upper and lower limb amputees. Prosthetics & 
Orthotics International 11(2):71-4. 

Ziegler-Graham K, MacKenzie E, Ephraim P, Travison T, Brookmeyer R. 2008. Estimating 
the prevalence of limb loss in the United States:2005-2050. Archives of Physical 
Medicine and Rehabilitation 89:422-429. 

  

 


	coversheet
	partial_foot_amputation_aetiology_incidence_complications_prosthetic_intervention_and_a_characterisation_of_gait.pdf
	Summary
	Introduction
	Background
	Definition and types of partial foot amputation
	Aetiology and prevalence
	Complications 

	Overview of available prostheses
	Introduction
	Below-ankle interventions
	Above-ankle interventions

	Characterisation of PFA gait and the influence of prosthetic intervention
	Introduction
	Overview of the evidence base
	Characteristics of PFA gait and the influence of prosthetic intervention
	Walking velocity
	Changes to the centre of pressure
	Reductions in ankle power generation and compensatory adaptations
	Reductions in ankle plantarflexion
	Plantar pressure
	Clinical implications


	Conclusion
	Acknowledgements
	Glossary 
	Centre of Pressure (CoP)
	Contralateral
	Dorsiflexion
	Experimental study
	Ground Reaction Force
	Kinematics
	Kinetics
	Marker set
	Moments
	Observational study
	Plantarflexion
	Plantarflexor musculature
	Plantar pressure
	Power generation
	Stance (phase)
	Tarsometatarsal
	Transtarsal
	Temperospatial
	Walking velocity

	References


